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Chapter 1
MC9S12C and MC9S12GC Device Overview (MC9S12C128)

1.1 Introduction

The MC9S12C-Family / MC9S12GC-Family are 48/52/80 pin Flash-based MCU families, which deliver
the power and flexibility of the 16-bit core to a whole new range of cost and space sensitive, general
purpose industrial and automotive network applications. All MC9S12C-Family / MC9S12GC-Family
members feature standard on-chip peripherals including a 16-bit central processing unit (CPU12), up to
128K bytes of Flash EEPROM, up to 4K bytes of RAM, an asynchronous serial communications interface
(SCI), a serial peripheral interface (SPI), an 8-channel 16-bit timer module (TIM), a 6-channel 8-bit pulse
width modulator (PWM), an 8-channel, 10-bit analog-to-digital converter (ADC).

The MC9S12C128-Family members also feature a CAN 2.0 A, B software compatible module
(MSCAN12).

All MC9S12C-Family / MC9S12GC-Family devices feature full 16-bit data paths throughout. The
inclusion of a PLL circuit allows power consumption and performance to be adjusted to suit operational
requirements. In addition to the I/O ports available in each module, up to 10 dedicated I/O port bits are
available with wake-up capability from stop or wait mode. The devices are available in 48-, 52-, and 80-
pin QFP packages, with the 80-pin version pin compatible to the HCS12 A, B, and D Family derivatives.

111 Features

e 16-bit HCS12 core:
— HCS12 CPU

Upward compatible with M68HC11 instruction set

Interrupt stacking and programmer’s model identical to M6SHC11

— Instruction queue

Enhanced indexed addressing
— MMC (memory map and interface)
— INT (interrupt control)
— BDM (background debug mode)
— DBG12 (enhanced debugl2 module, including breakpoints and change-of-flow trace bufter)
— MEBI (multiplexed expansion bus interface) available only in 80-pin package version
«  Wake-up interrupt inputs:
— Up to 12 port bits available for wake up interrupt function with digital filtering

Freescale Semiconductor MC9S12C-Family / MC9S12GC-Family 17
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Chapter 1 MC9S12C and MC9S12GC Device Overview (MC9S12C128)

Memory options:
— 16K or 32Kbyte Flash EEPROM (erasable in 512-byte sectors)
64K, 96K, or 128Kbyte Flash EEPROM (erasable in 1024-byte sectors)

— 1K, 2K or 4K Byte RAM

Analog-to-digital converters:

— One 8-channel module with 10-bit resolution

— External conversion trigger capability

Available on MC9S12C Family:

— One 1M bit per second, CAN 2.0 A, B software compatible module
— Five receive and three transmit buffers

— Flexible identifier filter programmable as 2 x 32 bit, 4 x 16 bit, or 8 x 8 bit
— Four separate interrupt channels for Rx, Tx, error, and wake-up

— Low-pass filter wake-up function

— Loop-back for self test operation

Timer module (TIM):

— 8-channel timer

— Each channel configurable as either input capture or output compare
— Simple PWM mode

— Modulo reset of timer counter

— 16-bit pulse accumulator

— External event counting

— QGated time accumulation

PWM module:

— Programmable period and duty cycle

— 8-bit 6-channel or 16-bit 3-channel

— Separate control for each pulse width and duty cycle

— Center-aligned or left-aligned outputs

— Programmable clock select logic with a wide range of frequencies
— Fast emergency shutdown input

Serial interfaces:

— One asynchronous serial communications interface (SCI)

— One synchronous serial peripheral interface (SPI)

CRG (clock reset generator module)
— Windowed COP watchdog

— Real time interrupt

— Clock monitor

— Pierce or low current Colpitts oscillator

— Phase-locked loop clock frequency multiplier

— Limp home mode in absence of external clock

— Low power 0.5MHz to 16MHz crystal oscillator reference clock

18
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Chapter 1 MC9S12C and MC9S12GC Device Overview (MC9S12C128)

* Operating frequency:
— 32MHz equivalent to 16MHz bus speed for single chip
— 32MHz equivalent to 16MHz bus speed in expanded bus modes
— Option of 9S12C Family: 50MHz equivalent to 25MHz bus speed
— All 9S12GC Family members allow a S0MHz operating frequency.
* Internal 2.5V regulator:
— Supports an input voltage range from 2.97V to 5.5V
— Low power mode capability
— Includes low voltage reset (LVR) circuitry
— Includes low voltage interrupt (LVI) circuitry
* 48-pin LQFP, 52-pin LQFP, or 80-pin QFP package:
— Up to 58 I/O lines with 5V input and drive capability (80-pin package)
— Up to 2 dedicated 5V input only lines (IRQ, XIRQ)
— 5V 8 A/D converter inputs and 5V I/O
* Development support:
— Single-wire background debug™ mode (BDM)
— On-chip hardware breakpoints
— Enhanced DBG12 debug features

1.1.2 Modes of Operation

User modes (expanded modes are only available in the 80-pin package version).
» Normal and emulation operating modes:
— Normal single-chip mode
— Normal expanded wide mode
— Normal expanded narrow mode
— Emulation expanded wide mode
— Emulation expanded narrow mode
* Special operating modes:
— Special single-chip mode with active background debug mode
— Special test mode (Freescale use only)
— Special peripheral mode (Freescale use only)
*  Low power modes:
— Stop mode
— Pseudo stop mode
— Wait mode

Freescale Semiconductor MC9S12C-Family / MC9S12GC-Family 19
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Chapter 1 MC9S12C and MC9S12GC Device Overview (MC9S12C128)

1.1.3 Block Diagram
Vesr —>1 Vopa [€—————— Voma
Voor —>1 Voor [€————— Vs
Vppx —>1 VpH [ € Vgq
Vggx —>1 Voltage Regulator Ve VmL
ANO | > <> PADO
ATD AN1 | > <> PAD1
AN2 | > A <> PAD2
AN3 le«—>| 2 |2 [<> PAD3
Vopa —> 16K, 32K, 64K, 96K, 128K Byte Flash A4 le—>| 5 |E le> PaDa
Vesp —> AN5 fe—>|2 | |<«> PAD5
Vppi —> AN6 |€«—> <> PADS
VSS1 1K, 2K, 4K Byte RAM AN7 |l > <> PAD7
BKGD ~<>|MODC/TAGHI HCS12 TOCO | <> <> <> PTO
CPU |0C1 <> | <—> <> PT1
XFC <> . I0C2 [<€> MUX [<—> <> PT2
VoppLL —> Clock and Timer |0C3 [ <> <> = [<> PT3
VSSPLL —> PLL Reset Module 10C4 [<> <> 8 o [«> PT4
EXTAL —> Generation COP Watchdog 10C5 |- > <> PT5
XTAL <— Module Clock Monitor 10C6 |- > <> PT6
RESET <> Periodic Interrupt 10C7 |- > <> PT7
PE0 —> > XIRQ PWO > <> PPO
PE1 —> —> IRQ Svst PW1 > <> PP1
PE2 <> | RW ysiem PW2 >a <> PP2
m rereR i~ Integration PWM ~15]a
PE3 <> |w | |<»{ [STRBTAGLO \sdule Modue  PW3 >(2 | |a |<> PP3
PE4 <>|o |8 e ECLK (SIM) PW4 > |3 |o |<> PP4
PE5 <> <> MODA/IPIPEQ PW5 >12 <> PP5
PE6 <> <> MODB/IPIPE1 % <> PP6
PE7 <> <> NOACC/XCLKS X <> PP7
TEST/Vpp —)I IS E — |<> PJ6
PROVOVTY SOV PEON 3 |8 |F [«>
Multiplexed Address/Data Bus RXD |« <> PSO
SCl > |0 <>
t ¢ t ¢ t ¢ t ¢ ¢ t ¢ t ¢ t t ¢ MSCAN is not available on the = - § E <> Eg;
DDRA DDRB 9S12GC Family Members <> PS3
PTA PTB RXCAN [« <> PMO
IR e uC S F S
Se2I0Nzo LERFRNEE R | & |E [ s
EEEEEEEE ocooaooooa SPI MOSI; ;D PMa
DT ONT— » -
EEXEEEZily EERIERER SCK j&—> <> PM5
[=y=N=N=N=N~E~Na oooooonon
[=N=N=N=N=1~l~Ja [ayaalalaalalal
TIIIIIII I II<<III<
weed SEZ5ESee m22zzvEs)
‘WideBus  Sxxxkg 'g: 'g: 5§ SS=x<S<=X'  SgnalsshowninBold are not available on the 52 or 48 Pin Package
Lo, RHEEARERRTFe 280820888 Sigals shown in Bold ltalic are available in the 52, but not the 48 Pin Package
Internal Logic 2.5V /O Driver 5V Voltage Regulator 5V & 1/0
Vopip <— Vppx —> VobpR —>
§81,2 -1 SSX -1 Vssr - 1L
PLL2.5V A/D Converter 5V
VoppLL -— Vppp —> VR is bonded internally to Vgga
VsspLL —1 Vssa for 52- and 48-Pin packages
L L
Figure 1-1. MC9S12C-Family / MC9S12GC-Family Block Diagram
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Chapter 1 MC9S12C and MC9S12GC Device Overview (MC9S12C128)

1.2 Memory Map and Registers

1.2.1

Device Memory Map

Table 1-1 shows the device register map after reset. Figure 1-2 through Figure 1-6 illustrate the full device

memory map.

Table 1-1. Device Register Map Overview

Address Module Size
0x0000-0x0017 | Core (ports A, B, E, modes, inits, test) 24

0x0018 Reserved 1

0x0019 Voltage regulator (VREG) 1
0x001A—-0x001B | Device ID register 2
0x001C-0x001F | Core (MEMSIZ, IRQ, HPRIO) 4
0x0020—-0x002F | Core (DBG) 16
0x0030-0x0033 | Core (PPAGE()) 4
0x0034-0x003F | Clock and reset generator (CRG) 12
0x0040-0x006F | Standard timer module (TIM) 48
0x0070-0x007F | Reserved 16
0x0080-0x009F | Analog-to-digital converter (ATD) 32
0x00A0-0x00C7 |Reserved 40
0x00C8-0x00CF | Serial communications interface (SCI) 8
0x00D0—-0x00D7 | Reserved 8
0x00D8—-0x00DF | Serial peripheral interface (SPI) 8
0xO0EO-O0x00FF | Pulse width modulator (PWM) 32
0x0100-0x010F | Flash control register 16
0x0110-0x013F | Reserved 48
0x0140-0x017F | Scalable controller area network (MSCAN)®) 64
0x0180-0x023F | Reserved 192
0x0240-0x027F | Port integration module (PIM) 64
0x0280-0x03FF | Reserved 384
T. External memory paging is not supported on this device (Section 1.7.1, "PPAGE”).

2. Not available on MC9S12GC Family devices

Freescale Semiconductor
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Chapter 1 MC9S12C and MC9S12GC Device Overview (MC9S12C128)

0x0000 | 1K Register Space
PAGE MAP
0x0000 _ _ OxO3FF | Mappable to any 2K Boundary
0x0400 0x0000
16K Fixed Flash EEPROM
O0x3FFF
0x003D
O0x3FFF | Mappable to any 4K Boundary
0x4000 A
0x4000
16K Fixed Flash EEPROM 0x003E
OX7FFF
0x8000
0x8000
16K Page Window
EXT 8 * 16K Flash EEPROM Pages PPAGE
OxBFFF
0xC000 0xC000 | 16K Fixed Flash EEPROM
0x003F
OXFEFF X
Y / O0xFF00 | BDM
_____ F — L — If Active
OXEFOO0 = “VECTORS VECTORS 7 VECTORS /) | oxeere | )
OXFFFF
NORMAL EXPANDED SPECIAL
SINGLE CHIP SINGLE CHIP
The figure shows a useful map, which is not the map out of reset. After reset the map is:
0x0000-0x03FF: Register Space
0x0000—-0xOFFF: 4K RAM (only 3K visible 0x0400—0xOFFF)
Flash erase sector size is 1024 bytes
Figure 1-2. MC9S12C128 and MC9S12GC128 User Configurable Memory Map
22 MC9S12C-Family / MC9S12GC-Family Freescale Semiconductor
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0x0000
0x0400 0x0000
OX3FFF
0x3000 0x3000
OX3FFF
0x4000 A
0x4000
OX7FFF
0x8000
0x8000
EXT
OXBFFF
0xC000
0xC000
OXFFFF
v 7/ OXFFO00
OXFEQ0 ' VECTORS | | VECTORS |  [/VECTORY, / OXFFFF
NORMAL EXPANDED SPECIAL
SINGLE CHIP SINGLE CHIP

The figure shows a useful map, which is not the map out of reset. After reset the map is:
0x0000—-0x03FF: Register Space
0x0000—-0xOFFF: 4K RAM (only 3K visible 0x0400—0xOFFF)

Flash erase sector size is 1024 bytes

Figure 1-3. MC9S12C96 and MC9S12GC96 User Configurable Memory Map

1K Register Space

Mappable to any 2K Boundary

16K Fixed Flash EEPROM

4K Bytes RAM

Mappable to any 4K Boundary

16K Fixed Flash EEPROM

16K Page Window
6 * 16K Flash EEPROM Pages

16K Fixed Flash EEPROM

BDM
(If Active)

PAGE MAP

0x003D

0x003E

PPAGE

0x003F

Freescale Semiconductor
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Chapter 1 MC9S12C and MC9S12GC Device Overview (MC9S12C128)

0x0000 | 1K Register Space
PAGE MAP
0x0000 _ _ O0x03FF | Mappable to any 2K Boundary
0x0400 0x0000
16K Fixed Flash EEPROM
Ox3FFF
0x003D
0x3000 0x3000 | 4K Bytes RAM
0x3FFF | Mappable to any 4K Boundary
0x4000 A
0x4000
16K Fixed Flash EEPROM 0x003E
OX7FFF
0x8000
0x8000
16K Page Window
EXT 4* 16K Flash EEPROM Pages PPAGE
OxBFFF
0xC000 0xC000 | 16K Fixed Flash EEPROM
F
OXFFFF 0x003
2 / 0xFFOO | BDM
_____ F — X — If Active
OXEF00 [[_VECTORS VECTORS 7NECTORS/) 0\ oxerrr | )
NORMAL EXPANDED SPECIAL
SINGLE CHIP SINGLE CHIP
The figure shows a useful map, which is not the map out of reset. After reset the map is:
0x0000-0x03FF: Register space
0x0000—-0x0FFF: 4K RAM (only 3K visible 0x0400—0xOFFF)
Flash erase sector size is 1024 Bytes
Figure 1-4. MC9S12C64 and MC9S12GC64 User Configurable Memory Map
24 MC9S12C-Family / MC9S12GC-Family Freescale Semiconductor
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Chapter 1 MC9S12C and MC9S12GC Device Overview (MC9S12C128)

0x0000
0x0400
Ox3FFF
0x4000 A
0x8000
0x8000
EXT
OxBFFF
0xC000
0xC000
OXFFFF
v 7/ 0xFF00
8)’(‘,55,9,9 | VECTORS | | VECTORS ] "/VECTORS, / OXFFFF
NORMAL EXPANDED SPECIAL
SINGLE CHIP SINGLE CHIP

The figure shows a useful map, which is not the map out of reset. After reset the map is:
0x0000-0x03FF: Register space

0x0800-0x0FFF: 2K RAM

Flash erase sector size is 512 bytes

The flash page 0x003E is visible at 0x4000-0x7FFF in the memory map if ROMHM = 0.
In the figure ROMHM = 1 removing page 0x003E from 0x4000-0x7FFF.

Figure 1-5. MC9S12C32 and MC9S12GC32 User Configurable Memory Map

1K Register Space

PAGE MAP

Mappable to any 2K Boundary
2K Bytes RAM
Mappable to any 2K Boundary

0x003E
16K Page Window
2 * 16K Flash EEPROM Pages PPAGE
16K Fixed Flash EEPROM

0x003F
BDM
(If Active)

Freescale Semiconductor
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Chapter 1 MC9S12C and MC9S12GC Device Overview (MC9S12C128)

0x0000 | 1K Register Space
PAGE MAP

0x0000 _ _ O0x03FF | Mappable to any 2K Boundary

0x0400

0x3C00 0x3C00 | 1K Bytes RAM
O0x3FFF | Mappable to any 2K Boundary

0x4000 A

0x8000
0x8000

16K Page Window
EXT PPAGE

OxBFFF

0xC000 0xC000 | 16K Fixed Flash EEPROM

F
OXFFFF 0x003
Y 0xFFOO | BDM
_____ F — L — If Active
OxFFO0 I VECTORS VECTORS ¥ /VECTORS, oxFrrF | )
OxFFFF
NORMAL EXPANDED SPECIAL
SINGLE CHIP SINGLE CHIP
The figure shows a useful map, which is not the map out of reset. After reset the map is:
0x0000-0x03FF: Register Space
0x0CO00—-0xOFFF: 1K RAM
The 16K flash array page 0x003F is also visible in the PPAGE window when PPAGE register contents are odd.
Flash Erase Sector Size is 512 Bytes
Figure 1-6. MC9S12GC16 User Configurable Memory Map
26 MC9S12C-Family / MC9S12GC-Family Freescale Semiconductor
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1.2.2

The detailed register map of the MC9S12C128

Detailed Register Map

1s listed in address order below.

0x0000—-0x000F

Chapter 1 MC9S12C and MC9S12GC Device Overview (MC9S12C128)

MEBI Map 1 of 3 (HCS12 Multiplexed External Bus Interface)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

0x0000 pORTA  eadl g 6 5 4 3 2 1 Bit 0
Write:

0x0001 porte  1ead| gy 6 5 4 3 2 1 Bit 0
Write:

0x0002 DDRA Read:| g, 6 5 4 3 2 1 Bit 0
Write:

0x0003 DDRB Read:| g, 6 5 4 3 2 1 Bit 0
Write:

0x0004 Reserved Regd: 0 0 0 0 0 0 0 0
Write:
R :

0x0005 Reserved e.ad 0 0 0 0 0 0 0 0
Write:
R :

0x0006 Reserved egd 0 0 0 0 0 0 0 0
Write:

0x0007 Reserved Regd: 0 0 0 0 0 0 0 0
Write:

0x0008 pORTE  Head| gy 6 5 4 3 2 Bit 1 Bit 0
Write:

0x0009 DDRE Read:| g, 6 5 4 3 Bit 2 0 0
Write:

0X000A PEAR sveri: NOAGGCE |—° PIPOE | NECLK | LSTRE | RDWE 0 0

0x000B  MODE \?verig MODC | MODB | MODA 0 VIS 0 EMK | EME

0x000C ~ PUCR sveriz PUPKE |—> 0 PUPEE |—° 0 PUPBE | PUPAE

0X000D RDRIV sveri: RDPK 0 0 RDPE 0 0 RDPB | RDPA

Ox000E  EBICTL  Head] 0O 0 0 0 0 0 0 ESTR
Write:
R :

0x000F Reserved egd 0 0 0 0 0 0 0 0
Write:

Freescale Semiconductor MC9S12C-Family / MC9S12GC-Family 27
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Chapter 1 MC9S12C and MC9S12GC Device Overview (MC9S12C128)

0x0010-0x0014 MMC Map 1 of 4 (HCS12 Module Mapping Control)

Address  Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Read: 0 0

0x0010  INITRM %) RAM1S | RAM14 | RAM13 | RAM12 | RAMIT RAMHAL

0x0011 INITRG \?Veri: 0 REG14 | REG13 | REG12 | REG11 0 0 0

0x0012 INITEE sv‘iiz EE15 | EE14 | EE13 | EE12 | EE11 0 0 EEON

0x0013 MISC Cveri: 0 0 0 O | EXSTR1 | EXSTRO | ROMHM | ROMON

0x0014  Reserved ~ cad| O 0 0 0 0 0 0 0
Write:

0x0015-0x0016  INT Map 1 of 2 (HCS12 Interrupt)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0

0x0015 ITCR \?Vii: 0 0 0 WRINT ADR3 ADR2 ADR1 ADRO
Read:

0x0016 ITEST Write: INTE INTC INTA INT8 INT6 INT4 INT2 INTO

0x0017-0x0017 MMC Map 2 of 4 (HCS12 Module Mapping Control)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Read: 0 0 0 0 0 0 0 0
Write:

0x0017 Reserved

0x0018-0x0018  Miscellaneous Peripherals (Device User Guide)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Read: 0 0 0 0 0 0 0 0
Write:

0x0018 Reserved

0x0019-0x0019  VREG3V3 (Voltage Regulator)

Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Read: 0 0 0 0 0 LVDS
$0019 VREGCTRL eg LVIE LVIF
Write:
28 MC9S12C-Family / MC9S12GC-Family Freescale Semiconductor
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0x001A-0x001B Miscellaneous Peripherals (Device User Guide)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
O0X001A PARTIDH Re'ad: ID15 ID14 ID13 ID12 ID11 ID10 ID9 ID8
Write:
0x001B PARTIDL \F;Veriz ID7 ID6 ID5 D4 ID3 ID2 D1 IDO

0x001C-0x001D MMC Map 3 of 4 (HCS12 Module Mapping Control, Device User Guide)

Address Name Bit 7 Bit6 Bit5 Bit 4 Bit3 Bit 2 Bit 1 Bit0
Read:
0x001C MEMSIZO . reg_sw0 0 eep_swi | eep_swO 0 ram_sw2 | ram_sw1 | ram_sw0
Write:
Read:
0x001D MEMSIZ1 o rom_swi1 | rom_sw0 0 0 0 0 pag_swi | pag_sw0
rite:

0x001E-0x001E MEBI Map 2 of 3 (HCS12 Multiplexed External Bus Interface)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Read:
O0X001E INTCR ®8% |RQE | IRQEN 0 0 0 0 0 0
Write:

0x001F-0x001F INT Map 2 of 2 (HCS12 Interrupt)

Address Name Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

0x001F HPRIO \?Viig PSEL7 PSEL6 PSEL5 PSEL4 PSEL3 PSEL2 PSEL1 0

0x0020-0x002F  DBG (Including BKP) Map 1 of 1 (HCS12 Debug)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x0020 DBGC1 \ljviig DBGEN ARM TRGSEL | BEGIN | DBGBRK 0 CAPMOD
0x0021 pBGsc ~ ead] AP BF CF 0 TRG
Write:

0x0022 DBGTEBH Regd: Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
Write:

0x0023 DBGTBL Re.ad: Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Write:

0x0024  DBGCNT  Leady TBF 0 ONT
Write:
Read:

0x0025 DBGCCX ) PAGSEL EXTCMP
Write:
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0x0020-0x002F  DBG (Including BKP) Map 1 of 1 (HCS12 Debug) (continued)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

0x0026  DBGCCH  eadl g qg 14 13 12 11 10 9 Bit 8
Write:

ox0027  DBGCOL  eadl gy 6 5 4 3 2 1 Bit 0
Write:

0x0028 DBGC2  Read:| o \een| FULL | BDM | TAGAB | BKCEN | TAGC | RWCEN | RwC

BKPCTO Write:

0x0029 DBGCS3 Re.ad: BKAMBH | BKAMBL | BKBMBH | BKBMBL | RWAEN RWA RWBEN RWB
BKPCT1 Write:

DBGCAX Read:
0x002A BKPOX Write: PAGSEL EXTCMP

DBGCAH Read: . .
0x002B BKPOH Write: Bit 15 14 13 12 11 10 9 Bit 8

DBGCAL Read: ) .
0x002C BKPOL Write: Bit 7 6 5 4 3 2 1 Bit 0

DBGCBX Read:
0x002D BKP1X Write: PAGSEL EXTCMP

DBGCBH Read: . .
0x002E BKP1H Write: Bit 15 14 13 12 11 10 9 Bit 8

DBGCBL Read: ) .
0x002F BKP1L Write: Bit 7 6 5 4 3 2 1 Bit 0

0x0030—-0x0031 MMC Map 4 of 4 (HCS12 Module Mapping Control)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x0030 PPAGE \Ijvii: 0 0 PIX5 PIX4 PIX3 PIX2 PI1X1 PIX0
0x0031 Reserved Reéd: 0 0 0 0 0 0 0 0

Write:

0x0032-0x0033 MEBI Map 3 of 3 (HCS12 Multiplexed External Bus Interface)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x0032  PORTK(" 5@32 Bit 7 6 5 4 3 2 1 Bit0
0x0033 poR!  Head) g 6 5 4 3 2 1 Bit 0

Write:
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Read:

$0032 Reserved e'ad 0 0 0 0 0 0 0 0
Write:
Read: 0 0 0 0 0 0 0 0]

$0033 Reserved ,
Write:

1. Only applicable in special emulation-only bond outs, for emulafion of extended memory map.
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0x0034-0x003F CRG (Clock and Reset Generator)

Address  Name Bit7  Bit6  Bit5  Bit4  Bit3  Bit2  Bit1 Bit 0

0x0034 SYNR SVG:I: 0 0 SYN5 | SYN4 | SYN3 | SYN2 | SYNT | SYNO

0x0035  REFDV \F;Veri: 0 0 0 O | REFDV3 | REFDV2 | REFDV1 | REFDVO

oxo035 _ CTFLG  Read:| TOUT7 | TOUT6 | TOUTS | TOUT4 | TOUT3 | TOUT2 | TOUTI | TOUTO

TESTONLY  Write:

0x0037  CRGFLG \?vii: RTIF | PORF | WRF | LockiF | —=0CK | TRACK | orpyp | SCM

0x0038  CRGINT  ~oa%) prg 0 ° | iockie |—2° 0 SCMIE 0
Write:

0x0039  CLKSEL \F/{veri: PLLSEL | PSTP | SYSWAI | ROAWAI | PLLWAI | CWAI | RTIWAI | COPWAI
Read: 0

0x008A  PLLCTL  ®37| CME | PLLON | AUTO | ACQ PRE PCE | SCME
Read: 0

0x0038  RTICTL 7 RTR6 | RTR5 | RTR4 | RTR3 | RTR2 | RTR1 | RTRO
Read:

0x003C  COPCTL Weria;e' wcop | RsBCK |—° 0 0 CR2 | CRi CRO

ox003p  _FORBYP - Readd opyp | copeyr —2 | pLiByp |2 0 FCM 0

TEST ONLY  Write:
CTCTL Read:| TCTL7 TCTL6 TCTL5 TCTL4 TCLT3 TCTL2 TCTL1 TCTLO

Ox003E  TEqTONLY  Write:
Read: 0 0 0 0 0 0 0 0
F ARMCOP
0x003 COP Wiite:| Bit7 6 5 4 3 2 1 Bit 0

.0x0040-0x006F TIM

Address  Name Bit7  Bit6  Bit5  Bit4  Bit3  Bit2  Bit1  Bit0
Read:

0x0040 TIOS Werig_ 1057 | 10s6 | 1085 | 10s4 | 1083 | 10s2 | 1081 | 10S0
Read:[ 0 0 0 0 0 0 0 0

41 FOR

0x00 CFORC \write:[ FOC7 | FOC6 | FOCs | FOCa4 | FOC3 | FOCz | FOCT | FOCO

0x0042  OC7M \F/{veri: OC7M7 | OC7M6 | OC7M5 | OC7M4 | OC7M3 | OC7M2 | OC7M1 | OC7MO
Read:

0x0043  OC7D Werig_ OC7D7 | OC7D6 | OC7D5 | OC7D4 | OC7D3 | OC7D2 | OC7D1 | OC7DO
Read:| Bit1 14 1 12 11 1 Bi

0x0044  TCNT (hi)  cad:| Bit1S 3 0 9 8
Write:
Read:| Bit7 6 5 4 3 2 1 Bit0

0x0045  TCNT(lo) o2 ! !
Write:

0x0046  TSCRf \?verig TEN | TSWAI | TSFRZ | TFFCA 0 0 0 0

0x0047 TTOV \'jveri: Tovz | Tove | Tovs | Tova4 | Tova | Tov2 | Tovi | Tovo
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Address Name Bit 7 Bit6 Bit5 Bit 4 Bit3 Bit 2 Bit 1 Bit0
Read:
0x0048  TCTL1 Werie_ oM7 | oz | ome | o6 | OMs o5 | om4 | oL4
Read:
0x0049 ToTLe 2 oM oL3 oMm2 oL2 OoM1 oL1 oMo oLo
0x004A  TCTL3 \|7Veri: EDG7B | EDG7A | EDG6B | EDG6A | EDG5B | EDG5A | EDG4B | EDG4A
Read:
0x004B  TCTL4 Werie_ EDG3B | EDG3A | EDG2B | EDG2A | EDG1B | EDG1A | EDGOB | EDGOA
Read:
0x004C TIE Wi €71 cel Csl cal cal cal cil col
0x004D  TSCR2 \?Veri: TOI 0 0 0 TCRE | PR2 PR PRO
Read:
0X004E  TFLGH Wi CTF C6F C5F C4F C3F CoF CiF COF
R :
0x004F  TFLG2 Weri:_ TOF 0 0 0 0 0 0 0
. Read: . .
0x0050  TCO(h) T Bit15 14 13 12 11 10 9 Bit 8
Read:
0x0051  TCO (lo) Werie_ Bit 7 6 5 4 3 2 1 Bit 0
) Read: ) .
0x0052  TC1(h) | i1 14 13 12 11 10 9 Bit 8
0x0053  TCH (lo) \?Veri: Bit 7 6 5 4 3 2 1 Bit 0
. Read: . .
0x0054  TC2(h) oo Bit15 14 13 12 11 10 9 Bit 8
Read:
0x0055  TC2(0) ool Bit7 6 5 4 3 2 1 Bit O
. Read: . .
0x00s6  TC3(h) ool Bit1s 14 13 12 11 10 9 Bit 8
Read:
0x0057  TC3 (lo) Werie_ Bit 7 6 5 4 3 2 1 Bit 0
) Read: ) .
0x0058  TC4(h) oo Bit15 14 13 12 11 10 9 Bit 8
0x0059  TC4 (lo) \?Veri: Bit 7 6 5 4 3 2 1 Bit 0
. Read: . .
0x005A  TC5(h) 7| Bit15 14 13 12 11 10 9 Bit 8
Read:
0x005B  TC5 (lo) Werie' Bit 7 6 5 4 3 2 1 Bit 0
. Read: . .
0x005C  TCB(N) 7| Bit15 14 13 12 11 10 9 Bit 8
Read:
0x005D  TC6 (o) Werie_ Bit 7 6 5 4 3 2 1 Bit 0
) Read: ) .
0X005E  TC7(h) | Bit1s 14 13 12 11 10 9 Bit 8
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Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Read:

O0X005F  TC7 (lo) eadl ity 6 5 4 3 2 1 Bit 0
Write:
Read: 0

0x0060 PACTL Write: PAEN PAMOD | PEDGE CLK1 CLKO PAOVI PAI

0x0061 PAFLG Regd: 0 0 0 0 0 0 PAOVF PAIF
Write:

. Read: . .

0x0062 PACNT (hi) ) Bit 15 14 13 12 11 10 9 Bit 8
Write:
Read: . .

0x0063 PACNT (lo) ) Bit 7 6 5 4 3 2 1 Bit 0
Write:

0x0064  Reserved  oadi| O 0 0 0 0 0 0 0
Write:
Read:

0x0065 Reserved eé 0 0 0 0 0 0 0 0
Write:
R :

0x0066 Reserved egd 0 0 0 0 0 0 0 0
Write:

0x0067  Reserved  cadi| O 0 0 0 0 0 0 0
Write:
Read:

0x0068 Reserved eé 0 0 0 0 0 0 0 0
Write:
R :

0x0069 Reserved egd 0 0 0 0 0 0 0 0
Write:

0X006A  Reserved ~ cadl O 0 0 0 0 0 0 0
Write:
Read:

0x006B Reserved e.a 0 0 0 0 0 0 0 0
Write:
R :

0x006C Reserved egd 0 0 0 0 0 0 0 0
Write:

0x006D  Reserved  1cad O 0 0 0 0 0 0 0
Write:
Read:

0x006E Reserved e.a 0 0 0 0 0 0 0 0
Write:
R :

0x006F Reserved egd 0 0 0 0 0 0 0 0
Write:

0x0070-0x007F Reserved

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

0x0070— R d Read: 0 0 0 0 0 0 0 0

0x007F eserve Write:
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0x0080-0x009F  ATD (Analog-to-Digital Converter 10 Bit 8 Channel)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
R :
0x0080  ATDCTLO ead:| 0 0 0 0 0 0 0 0
Write:
0x0081 ATDCTLA Regd: 0 0 0 0 0 0 0 0
Write:
0x0082 ATDCTL2 \ljfrig ADPU AFFC AWAI ETRIGLE | ETRIGP | ETRIG ASCIE ASCIF
Read: 0
0x0083 ATDCTL3 Wirite: S8C S4C S2C S1C FIFO FRZ1 FRZ0
Read:
0x0084 ATDCTL4 Write: SRESS8 SMP1 SMPO PRS4 PRS3 PRS2 PRS1 PRS0
Read: 0
0x0085 ATDCTL5 Write: DJM DSGN SCAN MULT CC CB CA
0x0086  ATDSTATO \'jveriz SCF 0 ETORF | FIFOR 0 cc2 cci cco
0x0087 Reserved Regd: 0 0 0 0 0 0 0 0
Write:
0x0088 ATDTESTO Re.ad: 0 0 0 0 0 0 0 0
Write:
0x0089  ATDTESTY eadi| O 0 0 0 0 0 0 sc
Write:
0x008A Reserved Reéd: 0 0 0 0 0 0 0 0
Write:
0x008B ATDSTAT Re.ad: CCF7 CCF6 CCF5 CCF4 CCF3 CCF2 CCF1 CCFO
Write:
R :
0x008C Reserved egd 0 0 0 0 0 0 0 0
Write:
0x008D ATDDIEN Regd: Bit 7 6 5 4 3 2 1 Bit 0
Write:
R :
0x008E Reserved e.ad 0 0 0 0 0 0 0 0
Write:
OX008F PORTAD Regd: Bit7 6 5 4 3 2 1 BITO
Write:
0x0090 ATDDROH Regd: Bit15 14 13 12 11 10 9 Bit8
Write:
0x0091 ATDDROL Re.ad: Bit7 Bit6 0 0 0 0 0 0
Write:
0x0092 ATDDR1H Regd: Bit15 14 13 12 11 10 9 Bit8
Write:
0x0093 ATDDRAL Regd: Bit7 Bit6 0 0 0 0 0 0
Write:
0x0094 ATDDR2H Re.ad: Bit15 14 13 12 11 10 9 Bit8
Write:
0X0095 ATDDR2L Regd: Bit7 Bit6 0 0 0 0 0 0
Write:
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ATD (Analog-to-Digital Converter 10 Bit 8 Channel) (continued)

Address Name Bit 7 Bit6 Bit5 Bit 4 Bit3 Bit 2 Bit 1 Bit0
0X0096 ATDDR3H Re.ad: Bit15 14 13 12 11 10 9 Bit8
Write:
0x0097 ATDDRSL Regd: Bit7 Bit6 0 0 0 0 0 0
Write:
0x0098 ATDDR4H Regd: Bit15 14 13 12 11 10 9 Bit8
Write:
0x0099 ATDDRAL Re.ad: Bit7 Bit6 0 0 0 0 0 0
Write:
OX009A ATDDRS5H Reéd: Bit15 14 13 12 11 10 9 Bit8
Write:
0x009B ATDDRSL Regd: Bit7 Bit6 0 0 0 0 0 0
Write:
0x009C ATDDRGH Re.ad: Bit15 14 13 12 11 10 9 Bit8
Write:
0x009D ATDDR6L Regd: Bit7 Bit6 0 0 0 0 0 0
Write:
0X009E ATDDR7H Regd: Bit15 14 13 12 11 10 9 Bit8
Write:
0X009F ATDDR7L Re.ad: Bit7 Bit6 0 0 0 0 0 0
Write:
0x00A0-0x00C7 Reserved
Address Name Bit 7 Bit6 Bit5 Bit 4 Bit3 Bit 2 Bit 1 Bit0
0x00A0- Reserved Read: 0 0 0 0 0 0 0 0
0x00C7 Write:
0x00C8-0x00CF SCI (Asynchronous Serial Interface)
Address Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
0x00C8 SCIBDH \?Veri: 0 0 0 SBR12 SBR11 SBR10 SBR9 SBR8
Read:
0x00C9 SCIBDL Wirite: SBR7 SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SBRO
Read:
0x00CA SCICR1 Write: LOOPS | SCISWAI| RSRC M WAKE ILT PE PT
Read:
0x00CB SCICR2 Write: TIE TCIE RIE ILIE TE RE RwWU SBK
Read:| TDRE T RDRF IDLE R NF FE PF
0x00CC  SCISR1 ea c ©
Write:
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0x00C8-0x00CF SCI (Asynchronous Serial Interface) (continued)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x00CD  sCispe  Lead] O 0 0 0 0 BRK13 | TXDIR |—1AF
Write:
OX00CE  SCIDRH  ead R8 T8 0 0 0 0 0 0
Write:
Read:[ R7 R6 R5 R4 R3 R2 R1 RO
Ox00CF  SCIDRL e 77 T6 T5 Ta T3 T2 T T0

0x00D0-0x00D7 Reserved

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x00D0- . Read 0 0 0 0 0 0 0 0
0x00D7 eserve Write:

0x00D8-0x00DF SPI (Serial Peripheral Interface)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x00D8  SPICR1 \?viiz SPIE SPE | SPTIE | MSTR | CPOL | CPHA | SSOE | LSBFE
0x00D9 SPICR2 cve:;: 0 0 0 MODFEN | BIDIROE 0 SPISWAI SPCO
0x00DA SPIBR \?Veri: 0 SPPR2 SPPR1 SPPRO 0 SPR2 SPR1 SPRO
0x00DB SPISR Reéd: SPIF 0 SPTEF MODF 0 0 0 0
Write:
R :

0x00DC Reserved egd 0 0 0 0 0 0 0 0
Write:

0x00DD SPIDR Reled: Bit7 6 5 4 3 2 1 Bit0
Write:

0x00DE Reserved Re.ad: 0 0 0 0 0 0 0 0
Write:
R :

0x00DF Reserved egd 0 0 0 0 0 0 0 0
Write:
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0x00E0-0x00FF PWM (Pulse Width Modulator)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Read: 0 0
$00EO0 PWME Write: PWME5 | PWME4 | PWME3 | PWME2 | PWME1 | PWMEO
Read: 0 0
$00E1 PWMPOL Wiite: PPOL5 PPOL4 PPOL3 PPOL2 PPOL1 PPOLO
Read: 0 0
$00E2 PWMCLK Write: PCLK5 PCLK4 PCLK3 PCLK2 PCLK1 PCLKO
Read: 0 0
$00E3 PWMPRCLK Write: PCKB2 PCKB1 PCKBO PCKA2 PCKA1 PCKAO
Read: 0 0
$00E4 PWMCAE Wiite: CAE5 CAE4 CAES3 CAE2 CAE1 CAEO
Read:
$00E5  PWMCTL Werie' 0 CON45 | CON23 | CONo1 | PSWAI | PFRZ 0 0
PWMTST Read: 0 0 0 0 0 0 0 0
$00E6 Test Only Write:
Read: 0 0 0 0 0 0 0 0
$00E7  PWMPRSC .
Write:
Read: . .
$00E8 PWMSCLA ) Bit 7 6 5 4 3 2 1 Bit 0
Write:
Read: . .
$00E9 PWMSCLB . Bit 7 6 5 4 3 2 1 Bit 0
Write:
Read: 0 0 0 0 0 0 0 0
$00EA PWMSCNTA .
Write:
Read:
$00EB PWMSCNTB eé 0 0 0 0 0 0 0 0
Write:
Read: Bit 7 6 5 4 3 2 1 Bit 0
E PWMCNT
$00EC CNTO Write: 0 0 0 0 0 0 0 0
Read: Bit 7 6 5 4 3 2 1 Bit 0
$00ED PWMCNTH Write: 0 0 0 0 0 0 0 0
Read: Bit 7 6 5 4 3 2 1 Bit 0
EE PWMCNT2
$00 C Write: 0 0 0 0 0 0 0 0
Read: Bit 7 6 5 4 3 2 1 Bit 0
EF PWMCNT
$00 CNT3 Write: 0 0 0 0 0 0 0 0
Read: Bit 7 6 5 4 3 2 1 Bit 0
$00F0 PWMCNT4 Write: 0 0 0 0 0 0 0 0
Read: Bit 7 6 5 4 3 2 1 Bit 0
F1 PWMCNT
$00 CNTS Write: 0 0 0 0 0 0 0 0
R :
$00F2  PWMPERD 2% g7 6 5 4 3 2 1 Bit O
Write:
Read: . .
$00F3 PWMPER1 ) Bit 7 6 5 4 3 2 1 Bit 0
Write:
Read: . .
$00F4 PWMPER2 ) Bit 7 6 5 4 3 2 1 Bit 0
Write:
Read: . .
$00F5 PWMPER3 . Bit 7 6 5 4 3 2 1 Bit 0
Write:
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0x00E0-0x00FF PWM (Pulse Width Modulator) (continued)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Read:
$00F6  PWMPER4 2| Bit7 6 5 4 3 > 1 Bit O
Write:
Read: . .
$00F7 PWMPERS5 . Bit 7 6 5 4 3 2 1 Bit 0
Write:
Read: . .
$00F8 PWMDTYO ) Bit 7 6 5 4 3 2 1 Bit 0
Write:
Read: . .
$00F9 PWMDTY1 ) Bit 7 6 5 4 3 2 1 Bit 0
Write:
Read: . .
$O00FA PWMDTY?2 . Bit 7 6 5 4 3 2 1 Bit 0
Write:
Read: . .
$00FB PWMDTY3 ) Bit 7 6 5 4 3 2 1 Bit 0
Write:
Read: . .
$00FC PWMDTY4 ) Bit 7 6 5 4 3 2 1 Bit 0
Write:
Read: . .
$00FD PWMDTY5 . Bit 7 6 5 4 3 2 1 Bit 0
Write:
Read: 0 0 PWMSIN
OOFE Reserved PWMIF | PWMIE PWMLVL PWMS5INL | PWM5ENA
3 v Write: PAWNRSTRT
Read: 0 0 0 0 0 0 0 0
$00FF Reserved )
Write:

0x0110—-0x013F Reserved

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
ox0110- o Read 0 0 0 0 0 0 0 0
0X003F eserve Write:

0x0140-0x017F  CAN (Scalable Controller Area Network — MSCAN)(")

Address  Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x0140  CANCTLO \F/{veri: RXFRM |RACT | cowar SYNCH | e | wuee | stera | INTRa
0x0141  CANCTL1 \?veriz CANE | CLKSRC | LOOPB | LISTEN 0 wupm |[SLPAK | INITAK
0x0142  CANBTRO sveri: SIW1 | siwo | BRP5 | BRP4 | BRP3 | BRP2 | BRP1 | BRPO
0x0143  CANBTR1 \F/{veri: SAMP | TSEG22 | TSEG21 | TSEG20 | TSEG13 | TSEG12 | TSEG11 | TSEG10
0x0144  CANRFLG \?veriz WUPIF | csciF |[DSTATT | RSTATO | TSTATH | TSTATO | e | gxr
0x0145  CANRIER sveri: WUPIE | CSCIE |RSTATE1 | RSTATEO | TSTATE1 | TSTATEO | OVRIE | RXFIE
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CAN (Scalable Controller Area Network — MSCAN)(") (continued)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x0146  CANTFLG ~ 1ead:| O 0 0 0 0 TXE2 | TXE1 | TXEO
Write:
0x0147  CANTIER 5@32 0 0 0 0 0 TXEIE2 | TXEIE1 | TXEIEO
0x0148  CANTARQ \?Vii: 0 0 0 0 O | ABTRQ2 | ABTRQ1 | ABTRQO
0x0149 CANTAAK Re.ad: 0 0 0 0 0 ABTAK2 | ABTAK1 | ABTAKO
Write:
Ox014A CANTBSEL Lead] 0 0 0 0 0 X2 1 X0
Write:
0x014B CANIDAC Ref:ld: 0 0 IDAM1 IDAMO 0 IDHIT2 IDHITA IDHITO
Write:
0x014C Reserved Re.ad: 0 0 0 0 0 0 0 0
Write:
0x014D Reserved Regd: 0 0 0 0 0 0 0 0
Write:
Ox014E CANBXERR \Ijveri: RXERR7 | RXERR6 | RXERR5 | RXERR4 | RXERR3 | RXERR2 | RXERR1 | RXERRO
O0x014F CANTXERR Re.ad: TXERR7 | TXERR6 | TXERR5 | TXERR4 | TXERR3 | TXERR2 | TXERR1 | TXERRO
Write:
0x0150— CANIDARO - Read:
0x0153 CANIDAR3 Write: AC7 AC6 AC5 AC4 AC3 AC2 AC1 ACO
0x0154— CANIDMRO - Read:
0x0157 CANIDMR3 Write: AM7 AM6 AM5 AM4 AM3 AM2 AM1 AMO
0x0158— CANIDAR4 - Read:
0x015B CANIDAR7 Write: AC7 AC6 AC5 AC4 AC3 AC2 ACA1 ACO
0x015C- CANIDMR4 - Read:
OX015F CANIDMR7 Write: AM7 AM6 AM5 AM4 AM3 AM2 AM1 AMO
— : Table 1-2
0x0160 CANBXEG Refrld FOREGROUND RECEIVE BUFFER see Table
0x016F Write:
0x0170~ CANTXFG Re.ad: FOREGROUND TRANSMIT BUFFER see Table 1-2
0x017F Write:
1. Not available on the MC9S12GC Family members. Those memory locaiions should not be accessed.
Table 1-2. Detailed MSCAN Foreground Receive and Transmit Buffer Layout
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Extended ID Read: ID28 D27 ID26 ID25 D24 ID23 ID22 ID21
OxXXX0 Standard ID  Read: ID10 ID9 ID8 ID7 ID6 ID5 ID4 ID3
CANxRIDRO  Write:
Extended ID Read: ID20 ID19 ID18 SRR=1 IDE=1 ID17 ID16 ID15
OxXXX1 Standard ID  Read: ID2 ID1 IDO RTR IDE=0
CANxRIDR1  Write:
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Table 1-2. Detailed MSCAN Foreground Receive and Transmit Buffer Layout (continued)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Extended ID  Read: ID14 ID13 ID12 ID11 ID10 ID9 ID8 ID7
OxXXX2 StandardID Read:
CANxRIDR2  Write:
Extended ID  Read: ID6 ID5 ID4 ID3 ID2 ID1 IDO RTR
OxXXX3 StandardID Read:
CANxRIDR3  Write:
0xXXX4— CANxRDSR0O- Read: DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
OxXXXB CANxRDSR7 Write:
0XXXXC  CANRxDLR Re.ad: DLC3 DLC2 DLC1 DLCO
Write:
OxXXXD Reserved Regd:
Write:
O0XXXXE CANXBTSRH Regd: TSR15 TSR14 TSR13 TSR12 TSR11 TSR10 TSR9 TSR8
Write:
OXXXXF  CANXRTSRL Re.ad: TSR7 TSR6 TSR5 TSR4 TSR3 TSR2 TSR1 TSRO
Write:
Extended ID  Read:
CANXTIDRO  Write: ID28 ID27 ID26 ID25 ID24 ID23 ID22 ID21
Oxxx10 Read:
Standard ID o ID10 ID9 ID8 ID7 ID6 ID5 ID4 ID3
Write:
Extended ID Read:
ot CANXTIDR1  Write: ID20 ID19 ID18 SRR=1 IDE=1 ID17 ID16 ID15
Standard D Hea%)pp ID1 IDO RTR | IDE=0
Write:
Extended ID Read:
CANXTIDR2  Write: ID14 ID13 ID12 ID11 ID10 ID9 ID8 ID7
Oxxx12 Read:
t ID ’
Standard Wirite:
Extended ID  Read:
CANXTIDR3  Write: ID6 ID5 ID4 ID3 ID2 ID1 IDO RTR
Oxxx13 Read:
Standard ID '
Write:
0xxx14— CANXTDSRO- Read:
0xxx1B  CANXTDSR?  Write- DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
Read:
0Oxxx1C CANXTDLR Write: DLC3 DLC2 DLC1 DLCO
Oxxx1D CONXTTBPR \?Veri: PRIO7 PRIO6 PRIO5 PRIO4 PRIO3 PRIO2 PRIO1 PRIOO
0xolE  CANXTTSRH Re.ad: TSR15 TSR14 TSR13 TSR12 TSR11 TSR10 TSR9 TSR8
Write:
0xolF CANXTTSRL Regd: TSR7 TSR6 TSR5 TSR4 TSR3 TSR2 TSR1 TSRO
Write:
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0x0180—-0x023F Reserved

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x0180- o Read 0 0 0 0 0 0 0 0
OX023F eserve Write:

0x0240-0x027F  PIM (Port Interface Module) (Sheet 1 of 3)

Address  Name Bit7  Bit6  Bit5  Bit4  Bit3  Bit2  Bit1  Bit0

0x0240 PTT \?V(arig PTT7 | PTT6 | PTT5 | PTT4 | PTT3 | PTT2 | PTT1 | PTTO

00241 oTrT Read:[ PTIT7 | PTIT6 | PTTs | PTIT4 | PTT3 | PTm2 | PTT1 | PTIMO
Write:

0x0242 DDRT \F/{veri: DDRT7 | DDRT7 | DDRT5 | DDRT4 | DDRT3 | DDRT2 | DDRTi | DDRTO

0x0243 RDRT \?verig RDRT7 | RDRT6 | RDRT5 | RDRT4 | RDRT3 | RDRT2 | RDRT1 | RDRTO

0x0244 PERT sveri: PERT7 | PERT6 | PERT5 | PERT4 | PERT3 | PERT2 | PERT1 | PERTO

0x0245 PPST \F;Veri: PPST7 | PPST6 | PPSTS | PPST4 | PPST3 | PPST2 | PPST1 | PPSTO
Read:

0x0246 Reserved e.ad 0 0 0 0 0 0 0 0
Write:

0x0247  MODRR sveri: 0 0 0 |MODRR4 |MODRR3| MODRR2 | MODRR1 | MODRRO

0x0248 PTS Read:| 0 0 0 0 PTS3 | PTS2 | PTS1 | PTSO
Write:

00245 ST Read:| 0 0 0 0 PTIS3 | PTIS2 | PTIS1 | PTISO
Write:

0x024A  DDRS \'jveriz 0 0 0 0 DDRS3 | DDRS2 | DDRS1 | DDRSO

0x024B  RDRS \F;Veri: 0 0 0 ° | RDRS3 | RDRS2 | RDRS1 | RDRSO

0x024C  PERS \?verig 0 0 0 0 PERS3 | PERS2 | PERS1 | PERSO

0x024D PPSS sv‘ari: 0 0 0 0 PPSS3 | PPSS2 | PPSS1 | PPSSO

OX024E  WOMS \F/{veri: 0 0 0 0 | wowmss | womsz | womst | womso

0x024F Reserved Re.ad: 0 0 0 0 0 0 0 0
Write:

0x0250 PTM \'jveriz 0 0 PTM5 | PTM4 | PTM3 | PTM2 | PTM1 | PTMO

00251 TN Read:| 0 0 PTIM5 | PTIM4 | PTIM3 | PTIM2 | PTIMT | PTIMO
Write:
Read: 0 0

0x0252  DDRM DDRM5 | DDRM4 | DDRM3 | DDRM2 | DDRM1 | DDRMO

Freescale Semiconductor MC9S12C-Family / MC9S12GC-Family 41

Rev 01.24



A 4
4\

Chapter 1 MC9S12C and MC9S12GC Device Overview (MC9S12C128)

0x0240-0x027F  PIM (Port Interface Module) (Sheet 2 of 3)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
Read: 0 0

0x0253 RDRM Wirite: RDRM5 | RDRM4 | RDRM3 | RDRM2 | RDRM1 | RDRMO
Read: 0 0

0x0254 PERM Write: PERM5 | PERM4 | PERM3 | PERM2 | PERM1 PERMO
Read: 0 0

0x0255 PPSM Write: PPSM5 | PPSM4 | PPSM3 | PPSM2 | PPSM1 PPSMO
Read: 0 0

0x0256 WOMM Wirite: WOMM5 | WOMM4 | WOMMS3 | WOMM2 | WOMM1 | WOMMO
R :

0x0257 Reserved egd 0 0 0 0 0 0 0 0
Write:
Read:

0x0258 PTP Write: PTP7 PTP6 PTP5 PTP4 PTP3 PTP2 PTP1 PTPO

0X0259 PTIP Regd: PTIP7 PTIP6 PTIP5 PTIP4 PTIP3 PTIP2 PTIP1 PTIPO
Write:

0x025A DDRP Sfri: DDRP7 | DDRP7 | DDRP5 | DDRP4 | DDRP3 | DDRP2 | DDRP1 DDRPO

0x025B RDRP \?Veri: RDRP7 | RDRP6 | RDRP5 | RDRP4 | RDRP3 | RDRP2 | RDRP1 RDRPO

0x025C PERP \F;Veri: PERP7 PERP6 PERP5 PERP4 PERP3 PERP2 PERP1 PERPO

0x025D PPSP Cfrﬁ: PPSP7 PPSP6 PPSP5 PPSP4 PPSP3 PPSP2 PPSP1 PPSS0O
Read:

0x025E PIEP Write: PIEP7 PIEP6 PIEP5 PIEP4 PIEP3 PIEP2 PIEPA PIEPO
Read:

0x025F PIFP Wirite: PIFP7 PIFP6 PIFP5 PIFP4 PIFP3 PIFP2 PIFP1 PIFPO
R :

0x0260 Reserved egd 0 0 0 0 0 0 0 0
Write:

0x0261  Reserved  oadi| O 0 0 0 0 0 0 0
Write:
Read:

0x0262 Reserved eé 0 0 0 0 0 0 0 0
Write:
R :

0x0263 Reserved egd 0 0 0 0 0 0 0 0
Write:

0x0264  Reserved  cadi| O 0 0 0 0 0 0 0
Write:
Read:

0x0265 Reserved eé 0 0 0 0 0 0 0 0
Write:
R :

0x0266 Reserved egd 0 0 0 0 0 0 0 0
Write:

0x0267  Reserved  cadi| 0O 0 0 0 0 0 0 0
Write:

0x0268 PTJ Regd: PTJ7 PTJ6 0 0 0 0 0 0
Write:

0X0269 BT Regd: PTIJ7 PTIJ6 0 0 0 0 0 0
Write:
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0x0240-0x027F  PIM (Port Interface Module) (Sheet 3 of 3)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

0x026A DDRJ Re.ad: DDRJ7 DDRJ7 0 0 0 0 0 0
Write:

0x026B RDRJ Regd: RDRJ7 RDRJ6 0 0 0 0 0 0
Write:

0x026C PERJ Regd: PERJ7 PERJ6 0 0 0 0 0 0
Write:

0x026D PPSJ Read: ppsy7 | PPsJe 0 0 0 0 0 0
Write:

0x026E PIEJ Regd: PIEJ7 PIEJ6 0 0 0 0 0 0
Write:

0x026F PIFJ Regd: PIFJ7 PIFJ6 0 0 0 0 0 0
Write:

0x0270 PTAD \F;Veri: PTAD7 PTADG6 PTAD5 PTAD4 PTAD3 PTAD2 PTAD1 PTADO

0x0271 PTIAD Regd: PTIAD7 | PTIAD6 | PTIAD5 | PTIAD4 | PTIAD3 | PTIAD2 | PTIAD1 PTIJ7
Write:

0x0272 DDRAD \?Veri: DDRAD7 | DDRAD6 | DDRAD5 | DDRAD4 | DDRAD3 | DDRAD2 | DDRAD1 | DDRADO

0x0273 RDRAD \F/{Veri: RDRAD7 | RDRAD6 | RDRAD5 | RDRAD4 | RDRAD3 | RDRAD2 | RDRAD1 | RDRADO

0x0274 PERAD Sfrﬁ: PERAD7 | PERAD6 | PERAD5 | PERAD4 | PERAD3 | PERAD2 | PERAD1 | PERADO

0x0275 PPSAD \?Veri: PPSAD7 | PPSAD6 | PPSAD5 | PPSAD4 | PPSAD3 | PPSAD2 | PPSAD1 | PPSADO

0x0276- R d Read: 0 0 0 0 0 0 0 0

0x027F eserve Write:

0x0280-0x03FF Reserved Space

Address Name Bit7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0
0x0280— Reserved Read: 0 0 0 0 0 0 0 0
Ox2FF BSeVEe Write:
0x0300 Unimplemented Read: 0 0 0 0 0 0 0 0
—0x03FF - MPIemented e
Freescale Semiconductor MC9S12C-Family / MC9S12GC-Family 43

Rev 01.24



Chapter 1 MC9S12C and MC9S12GC Device Overview (MC9S12C128)

1.2.3 Part ID Assignments

The part ID is located in two 8-bit registers PARTIDH and PARTIDL (addresses 0x001A and 0x001B after
reset). The read-only value is a unique part ID for each revision of the chip. Table 1-3 shows the assigned
part ID numbers for production mask sets.

Table 1-3. Assigned Part ID Numbers

Device Mask Set Number Part ID(")

MC9S12C32 1L45J $3300

MC9S12C32 2L45J $3302

MC9S12C32 1M34C $3311

MC9S12GC16 2L45J $3302

MC9S12GC32 2L45J $3302

MC9S12GC32 1M34C $3311
MC9S12C64,MC9S12C96,MC9S12C128 2L09S $3102
MC9S12GC64,MC9S12GC96,MC9S12GC128 2L09S $3102
MC9S12C64,MC9S12C96,MC9S12C128 0Me66G $3103
MC9S12GC64,MC9S12GC96,MC9S12GC128 o0M66G $3103

T. The coding 1S as follows:
Bit 15—12: Major family identifier
Bit 11-8: Minor family identifier
Bit 7—4: Major mask set revision number including FAB transfers
Bit 3—0: Minor — non full — mask set revision

The device memory sizes are located in two 8-bit registers MEMSIZ0 and MEMSIZ1 (addresses 0x001C
and 0x001D after reset). Table 1-4 shows the read-only values of these registers. Refer to Module Mapping
and Control (MMC) Block Guide for further details.

Table 1-4. Memory Size Registers

Device Register Name Value
MEMSIZ0 $00
MC9S12GC16
MEMSIZ1 $80
MEMSIZ0 $00
MC9S12C32, MC9S12GC32
MEMSIZA1 $80
MEMSIZ0 01
MC9S12C64, MC9S12GC64 $
MEMSIZ1 $CO
MEMSIZ0 $01
MC9S12C96,MC9S12GC96
MEMSIZ1 $Co
MEMSIZ0 $01
MC9S12C128, MC9S12GC128
MEMSIZ1 $CO
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1.3  Signal Description

1.3.1 Device Pinouts
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Signals shown in Bold are not available on the 52- or 48-pin package
Signals shown in Bold Italic are available in the 52-pin, but not the 48-pin package

Figure 1-7. Pin Assignments in 80-Pin QFP

The MODRR register within the PIM allows for mapping of PWM channels to Port T in the absence of
Port P pins for the low pin count packages. For the 80QFP package option it is recommended not to use
MODRR since this is intended to support PWM channel availability in low pin count packages. Note that
when mapping PWM channels to Port T in an 80QFP option, the associated PWM channels are then
mapped to both Port P and Port T
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* Signals shown in Bold italic are not available on the 48-pin package

Figure 1-8. Pin Assignments in 52-Pin LQFP
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Figure 1-9. Pin Assignments in 48-Pin LQFP
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1.3.2 Signal Properties Summary
Table 1-5. Signal Properties
Internal Pull
Pin Name | Pin Name | Pin Name | Power Resistor .
. . . . Description
Function 1 | Function 2 | Function 3 | Domain Reset
CTRL
State
EXTAL — — VpppLL NA NA Oscillator pins
XTAL — — VbppLL NA NA
RESET — — VbDx None None |External reset pin
XFC — — VbpPLL NA NA PLL loop filter pin
TEST Vpp = Vssx NA NA Test pin only
BKGD MODC TAGHI Vbpx Up Up Background debug, mode pin, tag signal high
PE7 NOACC XCLKS Vbpx PUCR Up Port E 1/0 pin, access, clock select
PE6 IPIPE1 MODB Voox Whlle R!ESET Port E 1/0O pin and pipe status
pin is low: Down
PE5 IPIPEO MODA Voox Whlle R!ESET Port E 1/0O pin and pipe status
pin is low: Down
PE4 ECLK . Voox PUCR g/l:rjj(% Port E I/O pin, bus clock output
PE3 LSTRB TAGLO Voox PUCR l\gggge Port E 1/O pin, low strobe, tag signal low
PE2 RW . Voox PUCR l\ggg$ Port E I/O pin, R/W in expanded modes
PE1 IRQ — Vppx PUCR Up Port E input, external interrupt pin
PEO XIRQ — Vbpx PUCR Up Port E input, non-maskable interrupt pin
. ADDRJ[15:1/ . . Port A I/0O pin and multiplexed address/data
. ADDRJ[10:9/ . . Port A I/O pin and multiplexed address/data
PA[2:1] DATA[10:9] Vbpx PUCR | Disabled
ADDR([8]/ . . Port A 1/0O pin and multiplexed address/data
PA[O] DATA[8] Vbpx PUCR | Disabled
. ADDR][7:5)/ . . Port B 1/0O pin and multiplexed address/data
PB[7:5] DATA[7:5] Vbpx PUCR | Disabled
ADDR[4])/ . . Port B 1/0 pin and multiplexed address/data
PBI[4] DATA[4] Vbpx PUCR | Disabled
. ADDRJ[3:0)/ . . Port B 1/0O pin and multiplexed address/data
PBI[3:0] DATA[3:0] Vbpx PUCR | Disabled
PAD[7:0] AN[7:0] . Vooa PERAD/P Disabled Port AD 1I/O pins and ATD inputs
PSAD
PP[7] KWP[7] . Voox PERP/ Disabled Port P 1/O pins and keypad wake-up
PPSP
PERP/ , Port P 1/0 pins, keypad wake-up, and ROMON
PP[6] KWP[6] ROMCTL Vbpx PPSP Disabled enable.
PP[5] KWP[5] PW5 Vopx I;IIEDI;E/ Disabled Port P 1/O pin, keypad wake-up, PW5 output
PP[4:3] KWP[4:3] PW[4:3] Voox I;IlEDI;I;/ Disabled Port P 1/O pin, keypad wake-up, PWM output
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Table 1-5. Signal Properties (continued)

Internal Pull
Pin Name | Pin Name | Pin Name | Power Resistor L
. . - . Description
Function 1 | Function 2 | Function 3 | Domain Reset
CTRL
State
PP[2:0] KWP[2:0] PW[2:0] Voox I;IlEDI;lPD/ Disabled Port P 1/O pins, keypad wake-up, PWM outputs
PJ[7:6] KWJ[7:6] . Voox F;Ezj/ Disabled Port J I/O pins and keypad wake-up
PM5 SCK . Voox PERM/ Up Port M 1/O pin and SPI SCK signal
PPSM
PM4 MOSI . Voox PERM/ Up Port M I/O pin and SPI MOSI signal
PPSM
= PERM/ Port M 1/O pin and SPI SS signall
PM2 MISO o Voox PERM/ Up Port M 1/O pin and SPI MISO signal
PPSM
PM1 TXCAN o Voox PERM/ Up Port M 1/O pin and CAN transmit signal
PPSM
PMO RXCAN . Voox PERM/ Up Port M 1/O pin and CAN receive signal
PPSM
. PERS/ Port S I/O pins
PS1 XD . Voox PERS/ Up Port S 1/0 pin and SCI transmit signal
PPSS
PSO RXD . Voox PERS/ Up Port S I/0O pin and SCI receive signal
PPSS
PT[7:5] 10C[7:5] . Voox I;IIEDIZ';/ Disabled Port T I/0 pins shared with timer (TIM)
PT[4:0] I0C[4:0] PW([4:0] Voox |PDI|532-'I|-'/ Disabled Port T 1/0O pins shared with timer and PWM

T. The Port E oufput buffer enable signal control at reset is determined by the PEAR register and is mode dependent. For
example, in special test mode RDWE = LSTRE = 1 which enables the PE[3:2] output buffers and disables the pull-ups. Refer
to S12_MEBI user guide for PEAR register details.

2. CAN functionality is not available on the MC9S12GC Family members.

1.3.3 Pin Initialization for 48- and 52-Pin LQFP Bond Out Versions

Not Bonded Pins:

If the port pins are not bonded out in the chosen package the user should initialize the registers to
be inputs with enabled pull resistance to avoid excess current consumption. This applies to the
following pins:
(48LQFP): Port A[7:1], Port B[7:5], Port B[3:0], PortE[6,5,3,2], Port P[7:6], PortP[4:0], Port
J[7:6], PortS[3:2]
(52LQFP): Port A[7:3], Port B[7:5], Port B[3:0], PortE[6,5,3,2], Port P[7:6], PortP[2:0], Port
J[7:6], PortS[3:2]

Freescale Semiconductor MC9S12C-Family / MC9S12GC-Family 49
Rev 01.24



|
y

'
A

Chapter 1 MC9S12C and MC9S12GC Device Overview (MC9S12C128)

1.3.4 Detailed Signal Descriptions

1.3.4.1 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 EXTAL input frequency. XTAL is the crystal output.

1.3.4.2 RESET — External Reset Pin

RESET is an active low bidirectional control signal that acts as an input to initialize the MCU to a known
start-up state. It also acts as an open-drain output to indicate that an internal failure has been detected in
either the clock monitor or COP watchdog circuit. External circuitry connected to the RESET pin should
not include a large capacitance that would interfere with the ability of this signal to rise to a valid logic one
within 32 ECLK cycles after the low drive is released. Upon detection of any reset, an internal circuit
drives the RESET pin low and a clocked reset sequence controls when the MCU can begin normal
processing.

1.3.43 TEST/Vpp — Test Pin

This pin is reserved for test and must be tied to Vg in all applications.

1.3.4.4 XFC — PLL Loop Filter Pin

Dedicated pin used to create the PLL loop filter. See CRG BUG for more detailed information.PLL loop
filter. Please ask your Motorola representative for the interactive application note to compute PLL loop
filter elements. Any current leakage on this pin must be avoided.

XFC

MCU

VbppLL VbpPLL

Figure 1-10. PLL Loop Filter Connections

1.3.4.5 BKGD / TAGHI / MODC — Background Debug, Tag High, and Mode Pin

The BKGD / TAGHI / MODC pin is used as a pseudo-open-drain pin for the background debug
communication. In MCU expanded modes of operation when instruction tagging is on, an input low on
this pin during the falling edge of E-clock tags the high half of the instruction word being read into the
instruction queue. It is also used as a MCU operating mode select pin at the rising edge during reset, when
the state of this pin is latched to the MODC bit.
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1.3.4.6  PA[7:0]/ ADDR[15:8] / DATA[15:8] — Port A I/O Pins

PA7-PAO are general purpose input or output pins,. In MCU expanded modes of operation, these pins are
used for the multiplexed external address and data bus. PA[7:1] pins are not available in the 48-pin package
version. PA[7:3] are not available in the 52-pin package version.

1.3.47  PB[7:0]/ ADDR[7:0] / DATA[7:0] — Port B I/O Pins

PB7-PBO0 are general purpose input or output pins. In MCU expanded modes of operation, these pins are
used for the multiplexed external address and data bus. PB[7:5] and PB[3:0] pins are not available in the
48-pin nor 52-pin package version.

1.3.4.8 PE7 / NOACC / XCLKS — Port E I/O Pin 7

PE7 is a general purpose input or output pin. During MCU expanded modes of operation, the NOACC
signal, when enabled, is used to indicate that the current bus cycle is an unused or “free” cycle. This signal
will assert when the CPU is not using the bus.The XCLKS is an input signal which controls whether a
crystal in combination with the internal Colpitts (low power) oscillator is used or whether Pierce
oscillator/external clock circuitry is used. The state of this pin is latched at the rising edge of RESET. If
the input is a logic low the EXTAL pin is configured for an external clock drive or a Pierce oscillator. If
input is a logic high a Colpitts oscillator circuit is configured on EXTAL and XTAL. Since this pin is an
input with a pull-up device during reset, if the pin is left floating, the default configuration is a Colpitts
oscillator circuit on EXTAL and XTAL.

EXTAL I
cbc!

I
1
0

MCU

I:l Crystal or

—T1— Ceramic Resonator

XTAL I

VsspLL

1. Due to the nature of a translated ground Colpitts oscillator a DC voltage
bias is applied to the crystal. Please contact the crystal manufacturer for
crystal DC.

Figure 1-11. Colpitts Oscillator Connections (PE7 = 1)

EXTAL ’ |1
Cq
MCU R [] Ccrystalor
1 —— Ceramic Resonator
Rs
XTAL 1 1 -1
| 5 =

VsspLL
1. RS can be zero (shorted) when used with higher frequency crystals,
refer to manufacturer’s data.

Figure 1-12. Pierce Oscillator Connections (PE7 = 0)
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CMOS Compatible
EXTAL | External Oscillator

(VoppLL Level)

MCU

XTAL—— Not Connected

Figure 1-13. External Clock Connections (PE7 = 0)

1.3.4.9 PE6 / MODB / IPIPE1 — Port E I/0 Pin 6

PE®6 is a general purpose input or output pin. It is used as a MCU operating mode select pin during reset.
The state of this pin is latched to the MODB bit at the rising edge of RESET. This pin is shared with the
instruction queue tracking signal IPIPE1. This pin is an input with a pull-down device which is only active
when RESET is low. PE[6] is not available in the 48- / 52-pin package versions.

1.3.4.10 PE5/MODA /IPIPEO — Port E I/0 Pin 5

PES is a general purpose input or output pin. It is used as a MCU operating mode select pin during reset.
The state of this pin is latched to the MODA bit at the rising edge of RESET. This pin is shared with the
instruction queue tracking signal IPIPEO. This pin is an input with a pull-down device which is only active
when RESET is low. This pin is not available in the 48- / 52-pin package versions.

1.3.4.11 PE4/ECLK— Port E I/0 Pin [4] / E-Clock Output

ECLK is the output connection for the internal bus clock. It is used to demultiplex the address and data in
expanded modes and is used as a timing reference. ECLK frequency is equal to 1/2 the crystal frequency
out of reset. The ECLK pin is initially configured as ECLK output with stretch in all expanded modes. The
E clock output function depends upon the settings of the NECLK bit in the PEAR register, the IVIS bit in
the MODE register and the ESTR bit in the EBICTL register. All clocks, including the E clock, are halted
when the MCU is in stop mode. It is possible to configure the MCU to interface to slow external memory.
ECLK can be stretched for such accesses. Reference the MISC register (EXSTR][1:0] bits) for more
information. In normal expanded narrow mode, the E clock is available for use in external select decode
logic or as a constant speed clock for use in the external application system. Alternatively PE4 can be used
as a general purpose input or output pin.

1.3.4.12 PE3/LSTRB — Port E I/O Pin [3] / Low-Byte Strobe (LSTRB)

In all modes this pin can be used as a general-purpose I/O and is an input with an active pull-up out of
reset. If the strobe function is required, it should be enabled by setting the LSTRE bit in the PEAR register.
This signal is used in write operations. Therefore external low byte writes will not be possible until this
function is enabled. This pin is also used as TAGLO in special expanded modes and is multiplexed with
the LSTRB function. This pin is not available in the 48- / 52-pin package versions.
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1.3.4.13 PE2/R/W — Port E I/O Pin [2] / Read/Write

In all modes this pin can be used as a general-purpose I/O and is an input with an active pull-up out of
reset. If the read/write function is required it should be enabled by setting the RDWE bit in the PEAR

register. External writes will not be possible until enabled. This pin is not available in the 48- / 52-pin

package versions.

1.3.4.14 PE1/IRQ — Port E Input Pin [1] / Maskable Interrupt Pin

The IRQ input provides a means of applying asynchronous interrupt requests to the MCU. Either falling
edge-sensitive triggering or level-sensitive triggering is program selectable (INTCR register). IRQ is
always enabled and configured to level-sensitive triggering out of reset. It can be disabled by clearing
IRQEN bit (INTCR register). When the MCU is reset the IRQ function is masked in the condition code
register. This pin is always an input and can always be read. There is an active pull-up on this pin while in
reset and immediately out of reset. The pull-up can be turned off by clearing PUPEE in the PUCR register.

1.3.4.15 PEO/ XIRQ — Port E input Pin [0] / Non Maskable Interrupt Pin

The XIRQ input provides a means of requesting a non-maskable interrupt after reset initialization. During
reset, the X bit in the condition code register (CCR) is set and any interrupt is masked until MCU software
enables it. Because the XIRQ input is level sensitive, it can be connected to a multiple-source wired-OR
network. This pin is always an input and can always be read. There is an active pull-up on this pin while
in reset and immediately out of reset. The pull-up can be turned off by clearing PUPEE in the PUCR
register.

1.3.4.16  PAD[7:0]/ AN[7:0] — Port AD /O Pins [7:0]

PAD7-PADO are general purpose I/O pins and also analog inputs for the analog to digital converter. In
order to use a PAD pin as a standard input, the corresponding ATDDIEN register bit must be set. These
bits are cleared out of reset to configure the PAD pins for A/D operation.

When the A/D converter is active in multi-channel mode, port inputs are scanned and converted
irrespective of Port AD configuration. Thus Port AD pins that are configured as digital inputs or digital
outputs are also converted in the A/D conversion sequence.

1.3.4.17 PP[7]/ KWP[7] — Port P I/O Pin [7]

PP7 is a general purpose input or output pin, shared with the keypad interrupt function. When configured
as an input, it can generate interrupts causing the MCU to exit stop or wait mode. This pin is not available
in the 48- / 52-pin package versions.

1.3.4.18 PP[6]/ KWP[6]/ROMCTL — Port P I/O Pin [6]

PP6 is a general purpose input or output pin, shared with the keypad interrupt function. When configured
as an input, it can generate interrupts causing the MCU to exit stop or wait mode. This pin is not available
in the 48- / 52-pin package versions. During MCU expanded modes of operation, this pin is used to enable
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the Flash EEPROM memory in the memory map (ROMCTL). At the rising edge of RESET, the state of
this pin is latched to the ROMON bit.

* PP6 =1 in emulation modes equates to ROMON =0 (ROM space externally mapped)
* PP6 =0 in expanded modes equates to ROMON =0 (ROM space externally mapped)

1.3.4.19 PP[5:0] / KWP[5:0] / PW[5:0] — Port P I/O Pins [5:0]

PP[5:0] are general purpose input or output pins, shared with the keypad interrupt function. When
configured as inputs, they can generate interrupts causing the MCU to exit stop or wait mode.

PP[5:0] are also shared with the PWM output signals, PW[5:0]. Pins PP[2:0] are only available in the 80-
pin package version. Pins PP[4:3] are not available in the 48-pin package version.

1.3.4.20 PJ[7:6]/ KWJ[7:6] — Port J I/O Pins [7:6]

PJ[7:6] are general purpose input or output pins, shared with the keypad interrupt function. When
configured as inputs, they can generate interrupts causing the MCU to exit stop or wait mode. These pins
are not available in the 48-pin package version nor in the 52-pin package version.

1.3.4.21 PM5/SCK — Port M I/O Pin 5

PMS5 is a general purpose input or output pin and also the serial clock pin SCK for the serial peripheral
interface (SPI).

1.3.4.22 PM4/MOSI— Port M1/O Pin 4

PM4 is a general purpose input or output pin and also the master output (during master mode) or slave
input (during slave mode) pin for the serial peripheral interface (SPI).

1.3.4.23 PM3/SS — Port M I/0 Pin 3

PM3 is a general purpose input or output pin and also the slave select pin SS for the serial peripheral
interface (SPI).

1.3.4.24 PM2/MISO — Port M I/O Pin 2

PM2 is a general purpose input or output pin and also the master input (during master mode) or slave
output (during slave mode) pin for the serial peripheral interface (SPI).

1.3.4.25 PM1/TXCAN — Port M I/O Pin 1

PM1 is a general purpose input or output pin and the transmit pin, TXCAN, of the CAN module if
available.

1.3.4.26 PMO/RXCAN — Port MI/O Pin 0
PMO is a general purpose input or output pin and the receive pin, RXCAN, of the CAN module if available.
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1.3.4.27 PS[3:2] — Port S I/O Pins [3:2]

PS3 and PS2 are general purpose input or output pins. These pins are not available in the 48- / 52-pin
package versions.

1.3.4.28 PS1/TXD — PortS /0O Pin 1

PS1 is a general purpose input or output pin and the transmit pin, TXD, of serial communication interface
(SCI).

1.3.4.29 PS0/RXD — PortS1/O Pin0

PSO0 is a general purpose input or output pin and the receive pin, RXD, of serial communication interface
(SCI).

1.3.4.30 PT[7:5]/10C[7:5] — Port T I/O Pins [7:5]

PT7-PTS5 are general purpose input or output pins. They can also be configured as the timer system input
capture or output compare pins [OC7-10CS5.

1.3.4.31 PT[4:0]/10C[4:0] / PW[4:0]— Port T I/O Pins [4:0]

PT4-PTO are general purpose input or output pins. They can also be configured as the timer system input
capture or output compare pins [OC[n] or as the PWM outputs PW[n].

1.3.5 Power Supply Pins

1.3.5.1 Vppx:Vssx — 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.

1.3.5.2  VppR, Vssp — Power and Ground Pins for I/O Drivers and for Internal
Voltage Regulator

External power and ground for the internal voltage regulator. Connecting Vppg to ground disables the
internal voltage regulator.

1.3.5.3 Vbp1: Vpbp2s Vss1s Vss2 — Internal Logic Power Pins

Power is supplied to the MCU through Vp and Vgg. This 2.5V supply is derived from the internal voltage
regulator. There is no static load on those pins allowed. The internal voltage regulator is turned off, if Vppr
is tied to ground.
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1.3.5.4 Vbpas Vssa — Power Supply Pins for ATD and VREG

Vppa» Vssa are the power supply and ground input pins for the voltage regulator reference and the analog
to digital converter.

1.3.5.5 Vgrus VRL — ATD Reference Voltage Input Pins

Vyry and Vi are the reference voltage input pins for the analog to digital converter.

1.3.5.6  VpppLL, VsspLL — Power Supply Pins for PLL

Provides operating voltage and ground for the oscillator and the phased-locked loop. This allows the
supply voltage to the oscillator and PLL to be bypassed independently. This 2.5V voltage is generated by
the internal voltage regulator.

Table 1-6. Power and Ground Connection Summary

Mnemonic Nominal Description
Voltage (V) P
Vbb1, vDD2 25 Internal power and ground generated by internal regulator. These also allow an external source
to supply the core Vpp/Vgg voltages and bypass the internal voltage regulator.
Vsst, vss2 0 In the 48 and 52 LQFP packages Vpp, and Vggo are not available.
DD2 §S2
VpbR 5.0 External power and ground, supply to internal voltage regulator.
Vssr 0
Vppx 5.0 External power and ground, supply to pin drivers.
Vssx 0
Vppa 5.0 Operating voltage and ground for the analog-to-digital converters and the reference for the
Vssa 0 internal voltage regulator, allows the supply voltage to the A/D to be bypassed independently.
VRH 5.0 Reference voltage low for the ATD converter.
VgL 0 In the 48 and 52 LQFP packages Vg, is bonded to Vgga.
VpppLL 2.5 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
VsspLL 0 regulator.

NOTE

All Vg pins must be connected together in the application. 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. Bypass requirements depend on
MCU pin load.
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1.4  System Clock Description

The clock and reset generator provides the internal clock signals for the core and all peripheral modules.
Figure 1-14 shows the clock connections from the CRG to all modules. Consult the CRG Block User
Guide for details on clock generation.

S12_CORE
Core Clock

YVYY

Flash
T > RAM

TIM

\
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ATD

PIM

Y
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>
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SCI

Bus Clock SPI

CRG ®

MSCAN
Not on 9S12GC

{0

Y Y

Oscillator Clock

L4
XTAL

VREG

Y

TPM

Figure 1-14. Clock Connections

1.5 Modes of Operation

Eight possible modes determine the device operating configuration. Each mode has an associated default
memory map and external bus configuration controlled by a further pin.

Three low power modes exist for the device.

1.5.1 Chip Configuration Summary

The operating mode out of reset is determined by the states of the MODC, MODB, and MODA pins during
reset. The MODC, MODB, and MODA bits in the MODE register show the current operating mode and
provide limited mode switching during operation. The states of the MODC, MODB, and MODA pins are
latched into these bits on the rising edge of the reset signal. The ROMCTL signal allows the setting of the
ROMON bit in the MISC register thus controlling whether the internal Flash is visible in the memory map.
ROMON = 1 mean the Flash is visible in the memory map. The state of the ROMCTL pin is latched into
the ROMON bit in the MISC register on the rising edge of the reset signal.
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Table 1-7. Mode Selection

BKGD= | PE6= | PE5= PP6 = ROMON Mode Description
MODC MODB | MODA | ROMCTL Bit P
Special Single Chip, BDM allowed and ACTIVE. BDM is allowed in
0 0 0 X 1 all other modes but a serial command is required to make BDM
active.
0 0 1 0 1 Emulation Expanded Narrow, BDM allowed
1 0
0 1 0 X 0 Special Test (Expanded Wide), BDM allowed
0 1 1 0 1 Emulation Expanded Wide, BDM allowed
1 0
1 0 0 X 1 Normal Single Chip, BDM allowed
1 0 1 0 0 Normal Expanded Narrow, BDM allowed
1 1
Peripheral; BDM allowed but bus operations would cause bus
1 1 0 X 1 .
conflicts (must not be used)
’ 1 1 0 0 Normal Expanded Wide, BDM allowed
]

For further explanation on the modes refer to the S12_MEBI block guide.
Table 1-8. Clock Selection Based on PE7

PE7 = XCLKS Description

Colpitts Oscillator selected

0 Pierce Oscillator/external clock selected

1.5.2 Security

The device will make available a security feature preventing the unauthorized read and write of the
memory contents. This feature allows:

»  Protection of the contents of FLASH,
* Operation in single-chip mode,
* Operation from external memory with internal FLASH disabled.

The user must be reminded that part of the security must lie with the user’s code. An extreme example
would be user’s code that dumps the contents of the internal program. This code would defeat the purpose
of security. At the same time the user may also wish to put a back door in the user’s program. An example
of this is the user downloads a key through the SCI which allows access to a programming routine that
updates parameters.

1.5.2.1 Securing the Microcontroller

Once the user has programmed the FLASH, the part can be secured by programming the security bits
located in the FLASH module. These non-volatile bits will keep the part secured through resetting the part
and through powering down the part.
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The security byte resides in a portion of the Flash array.

Check the Flash Block User Guide for more details on the security configuration.

1.5.2.2 Operation of the Secured Microcontroller

1.5.2.2.1 Normal Single Chip Mode

This will be the most common usage of the secured part. Everything will appear the same as if the part was
not secured with the exception of BDM operation. The BDM operation will be blocked.

1.5.2.2.2 Executing from External Memory

The user may wish to execute from external space with a secured microcontroller. This is accomplished
by resetting directly into expanded mode. The internal FLASH will be disabled. BDM operations will be
blocked.

1.5.2.3 Unsecuring the Microcontroller

In order to unsecure the microcontroller, the internal FLASH must be erased. This can be done through an
external program in expanded mode or via a sequence of BDM commands. Unsecuring is also possible via
the Backdoor Key Access. Refer to Flash Block Guide for details.

Once the user has erased the FLASH, the part can be reset into special single chip mode. This invokes a
program that verifies the erasure of the internal FLASH. Once this program completes, the user can erase
and program the FLASH security bits to the unsecured state. This is generally done through the BDM, but
the user could also change to expanded mode (by writing the mode bits through the BDM) and jumping to
an external program (again through BDM commands). Note that if the part goes through a reset before the
security bits are reprogrammed to the unsecure state, the part will be secured again.

1.5.3 Low-Power Modes

The microcontroller features three main low power modes. Consult the respective Block User Guide for
information on the module behavior in stop, pseudo stop, and wait mode. An important source of
information about the clock system is the Clock and Reset Generator User Guide (CRG).

1.5.3.1 Stop

Executing the CPU STOP instruction stops all clocks and the oscillator thus putting the chip in fully static
mode. Wake up from this mode can be done via reset or external interrupts.

1.5.3.2 Pseudo Stop

This mode is entered by executing the CPU STOP instruction. In this mode the oscillator is still running
and the real time interrupt (RTI) or watchdog (COP) sub module can stay active. Other peripherals are
turned off. This mode consumes more current than the full stop mode, but the wake up time from this mode
is significantly shorter.
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1.5.3.3 Wait

This mode is entered by executing the CPU WAI instruction. In this mode the CPU will not execute
instructions. The internal CPU signals (address and data bus) will be fully static. All peripherals stay
active. For further power consumption reduction the peripherals can individually turn off their local clocks.

1.5.3.4

Although this is not a low-power mode, unused peripheral modules should not be enabled in order to save
power.

Run

1.6

Consult the Exception Processing section of the CPU12 Reference Manual for information.

Resets and Interrupts

1.6.1

Table 1-9 lists interrupt sources and vectors in default order of priority.

Vectors

Table 1-9. Interrupt Vector Locations

Vector Address Interrupt Source I\cll::::( Local Enable H::) RIIE(I)e\\/,:tI:e
External reset, power on reset,
OXFFFE, OXFFFF (see CRgf:g\gNsvrc:elgilsgtirr?c?edtetermine None None _
reset source)
OxFFFC, OXFFFD Clock monitor fail reset None COPCTL (CME, FCME) —
OxFFFA, OxFFFB CORP failure reset None COP rate select —
OxFFF8, OxFFF9 Unimplemented instruction trap None None —
OxFFF6, OXFFF7 SWiI None None —
OxFFF4, OxFFF5 XIRQ X-Bit None —
OxFFF2, OxFFF3 IRQ | bit INTCR (IRQEN) 0x00F2
O0xFFFO, OxFFF1 Real time Interrupt | bit CRGINT (RTIE) 0x00F0
OxFFEE, OXFFEF Standard timer channel 0 | bit TIE (COl) O0x00EE
O0xFFEC, OXFFED Standard timer channel 1 | bit TIE (C1l) 0x00EC
$FFEE, $FFEF Reserved
$FFEC, $FFED Reserved

OxFFEA, OXxFFEB Standard timer channel 2 | bit TIE (C2I) 0x00EA
OxFFE8, OxFFE9 Standard timer channel 3 | bit TIE (C3I) 0x00E8
OxFFE®6, OXFFE7 Standard timer channel 4 | bit TIE (CA4l) 0x00E6
OxFFE4, OXFFE5 Standard timer channel 5 | bit TIE (C5I) 0x00E4
OxFFE2, OXFFES Standard timer channel 6 | bit TIE (Ceél) 0x00E2
OxFFEO, OxFFE1 Standard timer channel 7 | bit TIE (C71) 0x00EO
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Vector Address Interrupt Source I\(I.I"::I‘( Local Enable HtF; RIIECIL‘Y:::e
OxFFDE, OxFFDF Standard timer overflow | bit TMSK2 (TOI) 0x00DE
0xFFDC, OxFFDD Pulse accumulator A overflow | bit PACTL (PAQVI) 0x00DC
OxFFDA, OxFFDB Pulse accumulator input edge | bit PACTL (PAI) 0x00DA
0xFFD8, OxFFD9 SPI | bit SPICR1 (SPIE, SPTIE) 0x00D8
0xFFD6, OxFFD7 SCl | bit (TIE, TicllEICFF:fE ILIE) 0x00D6
OxFFD4, OxFFD5 Reserved
O0xFFD2, OxFFD3 ATD | bit | ATDCTL2 (ASCIE) 0x00D2
0xFFDO, 0xFFD1 Reserved
O0xFFCE, OXFFCF Port J | bit | PIEP (PIEP7-6) 0x00CE
OxFFCC, 0xFFCD Reserved
OxFFCA, OXFFCB Reserved
OxFFC8, OxFFC9 Reserved
OxFFC86, OXFFC7 CRG PLL lock | bit PLLCR (LOCKIE) 0x00C6
0xFFC4, 0xFFC5 CRG self clock mode | bit PLLCR (SCMIE) 0x00C4
OxFFBA to OxFFC3 Reserved
0xFFB8, OxFFB9 FLASH | bit FCNFG (CCIE, CBEIE) 0x00B8
O0xFFB6, OxFFB7 CAN wake-up(") | bit CANRIER (WUPIE) 0x00B6
0xFFB4, OxFFB5 CAN errors! | bit CANRIER (CSCIE, OVRIE) 0x00B4
0xFFB2, OxFFB3 CAN receive' | bit CANRIER (RXFIE) 0x00B2
0xFFBO, OxFFB1 CAN transmit’ | bit CANTIER (TXEIE[2:0]) 0x00B0
O0xFF90 to OXxFFAF Reserved
OxFF8E, OxFF8F Port P | bit | PIEP (PIEP7-0) 0x008E
OxFF8C, OxFF8D Reserved
0xFF8C, 0xFF8D PWM Emergency Shutdown | bit PWMSDN(PWMIE) 0x008C
OxFF8A, OxFF8B VREG LVI | bit CTRLO (LVIE) 0x008A
0xFF80 to OxFF89 Reserved
1. Not avallable on MC9512GC Family members
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1.6.2 Resets

Resets are a subset of the interrupts featured in Table 1-9. The different sources capable of generating a
system reset are summarized in Table 1-10. When a reset occurs, MCU registers and control bits are
changed to known start-up states. Refer to the respective module Block User Guides for register reset
states.

1.6.2.1 Reset Summary Table

Table 1-10. Reset Summary

Reset Priority Source Vector
Power-on Reset 1 CRG module OxFFFE, OxFFFF
External Reset 1 RESET pin OxFFFE, OXxFFFF

Low Voltage Reset 1 VREG module OxFFFE, OXFFFF
Clock Monitor Reset 2 CRG module OxFFFC, OXFFFD
COP Watchdog Reset 3 CRG module OxFFFA, OxFFFB

1.6.2.2 Effects of Reset

When a reset occurs, MCU registers and control bits are changed to known start-up states. Refer to the
respective module Block User Guides for register reset states. Refer to the HCS12 Multiplexed External
Bus Interface (MEBI) Block Guide for mode dependent pin configuration of port A, B and E out of reset.

Refer to the PIM Block User Guide for reset configurations of all peripheral module ports.

Refer to Figure 1-2 to Figure 1-6 footnotes for locations of the memories depending on the operating mode
after reset.

The RAM array is not automatically initialized out of reset.

NOTE

For devices assembled in 48-pin or 52-pin LQFP 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 1-5 for affected pins.

1.7  Device Specific Information and Module Dependencies

1.7.1 PPAGE

External paging is not supported on these devices. In order to access the 16K flash blocks in the address
range 0x8000—0xBFFF the PPAGE register must be loaded with the corresponding value for this range.
Refer to Table 1-11 for device specific page mapping.

For all devices Flash Page 3F is visible in the 0xC000—-0xFFFF range if ROMON is set. For all devices
(except MC9S12GC16) Page 3E is also visible in the 0x4000—0x7FFF range if ROMHM is cleared and
ROMON is set. For all devices apart from MC9S12C32 Flash Page 3D is visible in the 0x0000-0x3FFF
range if ROMON is set...
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Table 1-11. Device Specific Flash PAGE Mapping

Device PAGE PAGE Visible with PPAGE Contents
MC9S12GC16 3F $01,$03,$05,$07,$09......$35,$37,$39,$3B,$3D,$3F
MC9S12C32 3E $00,$02,$04,$06,308,$0A,$0C,$0E,$10,$12.......$2C $2E,$30,$32,$34,$36,$38,$3A,$3C, $3E

MCoS126Cs2 3F $01,$03,$05,$07,$09,$0B,$0D,$0F $11,$13.....$2D,$2F $31,$33,$35,$37,$39,$3B,$3D,$3F

3C $04,$0C,$14,$1C,$24,$2C,$34,$3C
MMC%9SS1 122(30(?5‘4 3D $05,$0D,$15,$1D,$25,$2D,$35,$3D

3E $06,$0E,$16,$1E,$26,$2E,$36,$3E

3F $07,$0F $17,$1F,$27,$2F $37,$3F

3A $02,50A,$12,$1A,$22,$2A,$32,$3A

3B $03,$0B,$13,$1B,$23,$2B,$33,$3B
MMC%Q’SS112260§§6 3C $04,$0C,$14,$1C,$24,$2C,$34,$3C

3D $05,%0D,$15,$1D,$25,$2D,$35,$3D

3E $06,$0E,$16,$1E,$26,$2E,$36,$3E

3F $07,$0F $17,$1F,$27,$2F $37,$3F

38 $00,$08,$10,$18,$20,$28,$30,$38

39 $01,$09,$11,$19,$21,$29,$31,$39

3A $02,50A,$12,$1A,$22,$2A,$32,$3A
MMCCQQSS1122caCc; 12288 3B $03,$0B,$13,$1B,$23,$2B,$33,$3B

3C $04,$0C,$14,$1C,$24,$2C,$34,$3C

3D $05,%0D,$15,$1D,$25,$2D,$35,$3D

3E $06,$0E,$16,$1E,$26,$2E,$36,$3E

3F $07,$0F,$17,$1F,$27 $2F,$37,$3F

1.7.2 BDM Alternate Clock

The BDM section reference to alternate clock is equivalent to the oscillator clock.

1.7.3 Extended Address Range Emulation Implications

In order to emulate the MC9S12GC or MC9S12C-Family / MC9S12GC-Family devices, external
addressing of a 128K memory map is required. This is provided in a 112 LQFP package version which
includes the 3 necessary extra external address bus signals via PortK[2:0]. This package version is for
emulation only and not provided as a general production package.

The reset state of DDRK is 0x0000, configuring the pins as inputs.
The reset state of PUPKE in the PUCR register is “1” enabling the internal Port K pullups.

In this reset state the pull-ups provide a defined state and prevent a floating input, thereby preventing
unnecessary current flow at the input stage.

To prevent unnecessary current flow in production package options, the states of DDRK and PUPKE
should not be changed by software.

Freescale Semiconductor MC9S12C-Family / MC9S12GC-Family 63
Rev 01.24



Chapter 1 MC9S12C and MC9S12GC Device Overview (MC9S12C128)

1.74 VREGEN

The VREGEN input mentioned in the VREG section is device internal, connected internally to Vppg.

1.7.5  Vpp1: Vpp2s Vss1s Vss2

In the 80-pin QFP package versions, both internal Vb and Vgg of the 2.5V domain are bonded out on 2
sides of the device as two pin pairs (Vpp1, Vssi & Vppa, Vss2)- Vppr and Vppy, are connected together
internally. Vgg; and Vg, are connected together internally. The extra pin pair enables systems using the
80-pin package to employ better supply routing and further decoupling.

1.7.6 Clock Reset Generator And VREG Interface

The low voltage reset feature uses the low voltage reset signal from the VREG module as an input to the
CRG module. When the regulator output voltage supply to the internal chip logic falls below a specified
threshold the LVR signal from the VREG module causes the CRG module to generate a reset.

NOTE

If the voltage regulator is shut down by connecting Vppg to ground then the
LVRF flag in the CRG flags register (CRGFLG) is undefined.

1.7.7  Analog-to-Digital Converter

In the 48- and 52-pin package versions, the Vi pad is bonded internally to the Vg pin.

1.7.8 MODRR Register Port T And Port P Mapping

The MODRR register within the PIM allows for mapping of PWM channels to port T in the absence of
port P pins for the low pin count packages. For the 80QFP package option it is recommended not to use
MODRR since this is intended to support PWM channel availability in low pin count packages. Note that
when mapping PWM channels to port T in an 80QFP option, the associated PWM channels are then
mapped to both port P and port T. .

1.7.9 Port AD Dependency On PIM And ATD Registers

The port AD pins interface to the PIM module. However, the port pin digital state can be read from either
the PORTAD register in the ATD register map or from the PTAD register in the PIM register map.

In order to read a digital pin value from PORTAD the corresponding ATDDIEN bit must be set and the
corresponding DDRDA bit cleared. If the corresponding ATDDIEN bit is cleared then the pin is configured
as an analog input and the PORTAD bit reads back as "1".

In order to read a digital pin value from PTAD, the corresponding DDRAD bit must be cleared, to
configure the pin as an input.

Furthermore in order to use a port AD pin as an analog input, the corresponding DDRAD bit must be
cleared to configure the pin as an input
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Recommended Printed Circuit Board Layout

The PCB must be carefully laid out to ensure proper operation of the voltage regulator as well as of the
MCU itself. The following rules must be observed:

Every supply pair must be decoupled by a ceramic capacitor connected as near as possible to the
corresponding pins.

Central point of the ground star should be the Vggg pin.

Use low ohmic low inductance connections between Vggy, Vgg, and Vggr.

Vggprr must be directly connected to Vggg.

Keep traces of Vggpy 1, EXTAL, and XTAL as short as possible and occupied board area for C6,
C7, C11, and Q1 as small as possible.

Do not place other signals or supplies underneath area occupied by C6, C7, C5, and Q1 and the

connection area to the MCU.

Central power input should be fed in at the Vppa/Vgga pins.

Table 1-12. Recommended Component Values

Component Purpose Type Value
C1 Vpp; filter capacitor Ceramic X7R 220nF, 470nF(")
c2 Vppg filter capacitor X7R/tantalum >=100nF
C3 VpppL_ filter capacitor Ceramic X7R 100nF
C4 PLL loop filter capacitor

See PLL specification chapter
C5 PLL loop filter capacitor
Ccé6 OSC load capacitor
See PLL specification chapter
c7 OSC load capacitor
Ccs Vppg filter capacitor (80 QFP only) Ceramic X7R 220nF
o]} Vppa filter capacitor Ceramic X7R 100nF
C10 Vppx filter capacitor X7R/tantalum >=100nF
C11 DC cutoff capacitor Colpitts mode only, if recommended by
quartz manufacturer
R1 Pierce Mode Select Pullup Pierce Mode Only
R2 PLL loop filter resistor See PLL Specification chapter
R3/Rg PLL loop filter resistor
Pierce mode only
R4/ Rg PLL loop filter resistor
Q1 Quartz — —

T.n 48LQFP and 52LAFP package Versions, Vpp, 1S NO

Vbp1-

avallable. Thus 470nF must be connected 1o
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Figure 1-15. Recommended PCB Layout (48 LQFP) Colpitts Oscillator
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Figure 1-16. Recommended PCB Layout (52 LQFP) Colpitts Oscillator
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Figure 1-17. Recommended PCB Layout (80 QFP) Colpitts Oscillator
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1
.-l

Figure 1-18. Recommended PCB Layout for 48 LQFP Pierce Oscillator
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W Q1 o
i

0

Figure 1-19. Recommended PCB Layout for 52 LQFP Pierce Oscillator
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Figure 1-20. Recommended PCB Layout for 80QFP Pierce Oscillator
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Chapter 2
Port Integration Module (PIM9C32) Block Description

2.1 Introduction

The Port Integration Module establishes the interface between the peripheral modules and the I/O pins for
all ports.
This chapter covers:

» Port A, B, and E related to the core logic and the multiplexed bus interface

* Port T connected to the TIM module (PWM module can be routed to port T as well)

* Port S connected to the SCI module

* Port M associated to the MSCAN and SPI module

* Port P connected to the PWM module, external interrupt sources available

» Port J pins can be used as external interrupt sources and standard I/O’s

The following I/O pin configurations can be selected:
* Available on all I/O pins:
— Input/output selection
— Dirive strength reduction
— Enable and select of pull resistors
» Available on all Port P and Port J pins:
— Interrupt enable and status flags

The implementation of the Port Integration Module is device dependent.

2.1.1 Features

A standard port has the following minimum features:

* Input/output selection

* 5-V output drive with two selectable drive strength

* 5-V digital and analog input

* Input with selectable pull-up or pull-down device
Optional features:

* Open drain for wired-OR connections

* Interrupt inputs with glitch filtering
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Chapter 2 Port Integration Module (PIM9C32) Block Description

2.1.2

PJ6
PJ7

PADO
PAD1
PAD2
PAD3
PAD4
PAD5
PAD6
PAD7

PBO
PB1
PB2
PB3
PB4
PB5
PB6
PB7

PAO
PA1
PA2
PA3
PA4
PA5
PA6
PA7

Block Diagram
Figure 2-1 is a block diagram of the PIM.

Port J

A/D

IRQ Logic

Port Integration Module

MUX

PTO

PT1

PT2

PT3

Port T

PT4

PT5

PT6

PT7

i PPO

T PP1

T PP2

PP3

Port P

PP4

Port B

Port A

Tole
I0C1
I0C2
s 10C3
£ 10ca
I0C5
I0C6
I0C7
PWNIO
PWM1
= PWM2
= pwM3
PWM4
PWMS5
ANO sl B0
ANT
AN2
AN3
AN4 ATD can AN
AN5 MISO
ANG MOSI
AN7 SPI Sek
SS
ADDRO/DATAO
ADDR1/DATAT
ADDR2/DATA2
ADDR3/DATA3
ADDR4/DATA4 BKGD/MODC/TAGHI
ADDRS/DATA5 XIRG
ADDR6/DATAG G
ADDR7/DATA7 R
CORE [STRB/TAGLO
ADDRS/DATAS ECLK
ADDRO/DATA9 IPIPEO/MODA
ADDR10/DATA10 IPIPE1/MODB
ADDR11/DATA11 NOACC/XCLKS
ADDR12/DATA12
ADDR13/DATA13
ADDR14/DATA14
ADDR15/DATA15

Figure 2-1. PIM Block Diagram

- PP5
T PP6
H PP7

| Interrupt Logic |

PSO
PS1
PS2
PS3

Port S

PMO
PM1
PM2
PM3
PM4
PM5

Port M

BKGD

PEO
PE1
PE2
PE3
PE4
PE5
PE6
PE7

Port E

Note: The MODRR register within the PIM allows for mapping of PWM channels to Port T in the absence
of Port P pins for the low pin count packages. For the 80QFP package option it is recommended not to use
MODRR since this is intended to support PWM channel availability in low pin count packages. Note that
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Chapter 2 Port Integration Module (PIM9C32) Block Description

when mapping PWM channels to Port T in an 80QFP option, the associated PWM channels are then
mapped to both Port P and Port T.
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2.2

Signal Description

This section lists and describes the signals that do connect off-chip.

Table 2-1 shows all pins and their functions that are controlled by the PIM module. If there is more than
one function associated to a pin, the priority is indicated by the position in the table from top (highest

priority) to down (lowest priority).

Table 2-1. Pin Functions and Priorities

Port

Pin Name

Pin Function

Description

Pin Function

after Reset
Port T PT[7:0] PWM[4:0] PWM outputs (only available if enabled in MODRR register) GPIO
10C[7:0] Standard timer channels
GPIO General-purpose 1/0
Port S PS3 GPIO General-purpose 1/0
PS2 GPIO General purpose I/0
PS1 TXD Serial communication interface transmit pin
GPIO General-purpose 1/0
PSO RXD Serial communication interface receive pin
GPIO General-purpose 1/0
Port M PM5 SCK SPI clock
PM4 MOSI SPI transmit pin
PM3 SS SPI slave select line
PM2 MISO SPI receive pin
PMA1 TXCAN MSCAN transmit pin
PMO RXCAN MSCAN receive pin
Port P PP[7:0] PWM[5:0] PWM outputs
GPIO[7:0] General purpose I/O with interrupt
PP[6] ROMON ROMON input signal
Port J PJ[7:6] GPIO General purpose I/O with interrupt
Port AD | PADI[7:0] ATD[7:0] ATD analog inputs
GPIOQ[7:0] General purpose I/0
Port A PA[7:0] ADDRJ[15:8)/ Refer to MEBI Block Guide.
DATA[15:8)/
GPIO
Port B PB[7:0] ADDR][7:0)/ Refer to MEBI Block Guide.
DATA[7:0)/
GPIO
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Table 2-1. Pin Functions and Priorities (continued)

Port Pin Name Pin Function Description Pin Function
after Reset
NOACC/
PE7 XCLKS/
GPIO
IPIPE1/
PE6 MODB/
GPIO
IPIPEO/
PE5 MODA/
GPIO
Port E Refer to MEBI Block Guide.
PE4 ECLK/GPIO
LSTRB/
PE3 TAGLO/
GPIO
R/W/
PE2 GPIO
PE1 IRQ/GPI
PEO XIRQ/GPI
2.3 Memory Map and Registers
This section provides a detailed description of all registers.
2.3.1 Module Memory Map
Figure 2-2 shows the register map of the Port Integration Module.
Address Name Bit7 6 5 4 3 2 1 Bit 0
Vl?/ PTT7 PTT6 PTT5 PTT4 PTT3 PTT2 PTT1 PTTO
TIM I0C7 I I 10C4 | 10C2 10CA1 I
0x0000 PTT oC 0OC6 0C5 ocC 0C3 oC oC (0]6]0]
PWM PWM4 PWM3 PWM2 PWMH1 PWMO
0x0001 PTIT R| PTIT7 PTIT6 PTIT5 PTIT4 PTIT3 PTIT2 PTITH PTITO
w
0x0002 DDRT Vl?/ DDRT7 DDRT6 DDRT5 DDRT4 DDRT3 DDRT2 DDRT1 DDRTO
0x0003 RDRT VI\?/ RDRT7 RDRT6 RDRT5 RDRT4 RDRT3 RDRT2 RDRTH1 RDRTO
0x0004 PERT VT/ PERT7 PERT6 PERT5 PERT4 PERT3 PERT2 PERTA PERTO
0x0005 PPST Vl?/ PPST7 PPST6 PPST5 PPST4 PPST3 PPST2 PPST1 PPSTO
|:| = Unimplemented or Reserved
Figure 2-2. Quick Reference to PIM Registers (Sheet 1 of 3)
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Address Name Bit 7 6 5 4 3 2 1 Bit 0
R
0x0006 Reserved 0 0 0 0 0 0 0 0
W
R 0 0 0
0x0007 MODRR W MODRR4 | MODRR3 | MODRR2 | MODRR1 | MODRRO
R 0 0 0 0
PTS3 PTS2 PTS1 PTSO
0x0008 PTS W
SCI — — — — — — TXD RXD
0x0009 PTIS R 0 0 0 0 PTIS3 PTIS2 PTIS1 PTISO
W
0x000A DDRS VT/ 0 0 0 0 DDRS3 DDRS2 DDRSH1 DDRSO0
0x000B RDRS VI\R/ 0 0 0 0 RDRS3 RDRS2 RDRSH1 RDRSO0
0x000C PERS VT/ 0 0 0 0 PERS3 PERS2 PERSH1 PERSO
R 0 0 0 0
0x000D PPSS W PPSS3 PPSS2 PPSS1 PPSS0O
R 0 0 0 0
0x000E WOMS W WOMS3 | WOMS2 | WOMS1 | WOMSO
0Ox000F Reserved R 0 0 0 0 0 0 0 0
W
R 0 0
W PTM5 PTM4 PTM3 PTM2 PTM1 PTMO
0x0010 PTM MSCAN
/ — — SCK MOSI SS MISO TXCAN RXCAN
SPI
0x0011 PTIM R 0 0 PTIM5 PTIM4 PTIM3 PTIM2 PTIM1 PTIMO
W
R 0 0
0x0012 DDRM W DDRM5 | DDRM4 | DDRM3 | DDRM2 | DDRM1 DDRMO
R 0 0
0x0013 RDRM W RDRM5 | RDRM4 | RDRM3 | RDRM2 | RDRM1 RDRMO
R 0 0
0x0014 PERM W PERM5 PERM4 PERM3 PERM2 PERM1 PERMO
R 0 0
0x0015 PPSM W PPSM5 PPSM4 PPSM3 PPSM2 PPSM1 PPSMO
R 0 0
0x0016 WOMM W WOMM5 | WOMM4 | WOMM3 | WOMM2 | WOMM1 | WOMMO
R
0x0017 Reserved 0 0 0 0 0 0 0 0
W
R
PTP7 PTP6 PTP5 PTP4 PTP3 PTP2 PTP1 PTPO
0x0018 PTP W
PWM — — PWM5 PWM4 PWM3 PWM2 PWM1 PWMO
0x0019 PTIP VI?/ PTIP7 PTIP6 PTIP5 PTIP4 PTIP3 PTIP2 PTIP1 PTIPO

|:| = Unimplemented or Reserved

Figure 2-2. Quick Reference to PIM Registers (Sheet 2 of 3)
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Address Name Bit 7 6 5 4 3 2 1 Bit 0

0x001A  DDRP DDRP7 DDRP6 DDRP5 DDRP4 DDRP3 DDRP2 DDRP1 DDRPO

0x001B  RDRP RDRP7 | RDRP6 RDRP5 | RDRP4 | RDRP3 | RDRP2 RDRP1 RDRPO

0x001C  PERP PERP7 | PERP6 | PERP5 | PERP4 | PERP3 | PERP2 | PERP1 | PERPO

0x001D  PPSP PPSP7 | PPSP6 | PPSP5 | PPSP4 | PPSP3 | PPSP2 | PPSP1 | PPSPO

0x001E PIEP PIEP7 PIEP6 PIEP5 PIEP4 PIEP3 PIEP2 PIEP1 PIEPO

0x001F  PIFP PIFP7 | PIFP6 | PIFP5 | PIFP4 | PIFP3 | PIFP2 | PIFP1 | PIFPO

0x0020- g 0 0 0 0 0 0 0 0
0x0027 | CS€rve
0x0028  PTJ PTJ7 PTJ6 0 0 0 0 0 0
00029 PTI PTIJ7 PTIJ6 0 0 0 0 0 0
0x002A  DDRJ DDRJ7 | DDRJ6 0 0 0 0 0 0
0x002B  RDRJ RDRJ7 | RDRJ6 0 0 0 0 0 0
0x002C  PERJ PERJ7 | PERJ6 0 0 0 0 0 0
0x002D  PPSJ PPSJ7 | PPSJ6 0 0 0 0 0 0
OX002E  PIEJ PIEJ7 PIEJ6 0 0 0 0 0 0
0 0 0 0 0 0

0x002F PIFJ PIFJ7 PIFJ6

0x0030 PTAD PTAD7 PTAD6 PTAD5 PTAD4 PTAD3 PTAD2 PTAD1 PTADO

0x0031 PTIAD PTIAD7 | PTIAD6 | PTIAD5 | PTIAD4 | PTIAD3 | PTIAD2 | PTIAD1 PTIADO

0x0032 DDRAD DDRAD7 | DDRAD6 | DDRADS | DDRAD4 | DDRAD3 | DDRAD2 | DDRAD1 | DDRADO

0x0033 RDRAD RDRAD7 | RDRAD6 | RDRAD5 | RDRAD4 | RDRAD3 | RDRAD2 | RDRAD1 | RDRADO

0x0034 PERAD PERAD7 | PERAD6 | PERADS | PERAD4 | PERAD3 | PERAD2 | PERAD1 | PERADO

0x0035 PPSAD PPSAD7 | PPSAD6 | PPSAD5 | PPSAD4 | PPSAD3 | PPSAD2 | PPSAD1 | PPSADO

S 7SI ST SIS ST EITSESITESEITESEITSITESEITESEITESITESEITIESEISITESEISIESITEITESD

0x0036— R d 0 0 0 0 0 0 0 0
Ox003F Heserve
|:| = Unimplemented or Reserved
Figure 2-2. Quick Reference to PIM Registers (Sheet 3 of 3)
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2.3.2 Register Descriptions

Table 2-2 summarizes the effect on the various configuration bits — data direction (DDR), input/output
level (I/0), reduced drive (RDR), pull enable (PE), pull select (PS), and interrupt enable (IE) for the ports.
The configuration bit PS is 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 device if PE is active.

Table 2-2. Pin Configuration Summary

DDR | 10 | RDR | PE | PS | IEM 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 0 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

T. Applicable only on ports P and J.
NOTE

All bits of all registers in this module are completely synchronous to internal
clocks during a register read.
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2.3.2.1 Port T Registers

23.211 Port T I/O Register (PTT)

Module Base + 0x0000

7 6 5 4 3 2 1 0
R
W PTT7 PTT6 PTT5 PTT4 PTT3 PTT2 PTT1 PTTO
TIM 10C7 I0C6 I0C5 10C4 I0C3 I0C2 IOCA I0COo
PWM PWM4 PWM3 PWM2 PWM1 PWMO
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 2-3. Port T I/O Register (PTT)

Read: Anytime.
Write: Anytime.

If the data direction bits of the associated I/O pins are set to 1, a read returns the value of the port register,
otherwise the value at the pins is read.

If a TIM-channel is defined as output, the related port T is assigned to IOC function.
In addition to the possible timer functionality of port T pins PWM channels can be routed to port T. For
this the Module Routing Register (MODRR) needs to be configured.

Table 2-3. Port T[4:0] Pin Functionality Configurations(")

MODRR[x] PWME[x] TIM(E)N [x] Port T[x] Output
0 0 General Purpose 1/0
0 1 Timer
0 1 0 General Purpose /O
0 1 1 Timer
1 0 0 General Purpose I/0
1 0 1 Timer
1 1 0 PWM
1 1 1 PWM
T. AlTTields in the that are not shaded are standard US€E cases.

2. TIMEN[x] means that the timer is enabled (TSCR1[7]), the related channel is
configured for output compare function (TIOS[x] or special output on a timer
overflow event — configurable in TTOV[x]) and the timer output is routed to the
port pin (TCTL1/TCTL2).
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2.3.2.1.2

Port T Input Register (PTIT)

Module Base + 0x0001

7 6 5 4 3 2 1 0
R PTIT7 PTIT6 PTIT5 PTIT4 PTIT3 PTIT2 PTITH PTITO
W

Reset — — — — — — — —

= Unimplemented or Reserved

Figure 2-4. Port T Input Register (PTIT)

Read: Anytime.

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

Table 2-4. PTIT Field Descriptions

Field Description
7-0 Port T Input Register — This register always reads back the status of the associated pins. This can also be
PTIT[7:0] |used to detect overload or short circuit conditions on output pins.
2.3.21.3 Port T Data Direction Register (DDRT)

Module Base + 0x0002

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 2-5. Port T Data Direction Register (DDRT)

Read: Anytime.

Write: Anytime.

Table 2-5. DDRT Field Descriptions

Field Description
7-0 Data Direction Port T — This register configures each port T pin as either input or output.
DDRTI[7:0]

The standard TIM / PWM modules forces the 1/O state to be an output for each standard TIM / PWM module port
associated with an enabled output compare. In these cases the data direction bits will not change.

The DDRT bits revert to controlling the I/O direction of a pin when the associated timer output compare is
disabled.

The timer input capture always monitors the state of the pin.

0 Associated pin is configured as input.

1 Associated pin is configured as output.

Note: Due to internal synchronization circuits, it can take up to 2 bus cycles until the correct value is read on PTT
or PTIT registers, when changing the DDRT register.
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Port T Reduced Drive Register (RDRT)

Module Base + 0x0003

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 2-6. Port T Reduced Drive Register (RDRT)

Read: Anytime.

Write: Anytime.

Table 2-6. RDRT Field Descriptions

Field Description
7-0 Reduced Drive Port T — This register configures the drive strength of each port T output pin as either full or
RDRT[7:0] |reduced. If the port is used as input this bit is ignored.
0 Full drive strength at output.
1 Associated pin drives at about 1/3 of the full drive strength.
2.3.21.5 Port T Pull Device Enable Register (PERT)

Module Base + 0x0004

7 6 5 4 3 2 1 0
R
PERT7 PERT6 PERTS PERT4 PERT3 PERT2 PERT1 PERTO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-7. Port T Pull Device Enable Register (PERT)
Read: Anytime.
Write: Anytime.
Table 2-7. PERT Field Descriptions

Field Description
7-0 Pull Device Enable — This register configures whether a pull-up or a pull-down device is activated, if the port
PERTI[7:0] |is used as input. This bit has no effect if the port is used as output. Out of reset no pull device is enabled.

0 Pull-up or pull-down device is disabled.
1 Either a pull-up or pull-down device is enabled.
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2.3.2.1.6 Port T Polarity Select Register (PTTST)

Module Base + 0x0005

7 6 5 4 3 2 1 0
R
PPST7 PPST6 PPST5 PPST4 PPST3 PPST2 PPST1 PPSTO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-8. Port T Polarity Select Register (PPST)
Read: Anytime.
Write: Anytime.
Table 2-8. PPST Field Descriptions

Field Description

7-0 Pull Select Port T — This register selects whether a pull-down or a pull-up device is connected to the pin.
PPST[7:0] |0 A pull-up device is connected to the associated port T pin, if enabled by the associated bit in register PERT
and if the port is used as input.
1 A pull-down device is connected to the associated port T pin, if enabled by the associated bit in register PERT
and if the port is used as input.

2.3.21.7 Port T Module Routing Register (MODRR)

Module Base + 0x0007

4 3 2 1 0
R 0 0 0
MODRR4 MODRR3 MODRR2 MODRR1 MODRRO
w
Reset — — — 0 0 0 0 0
= Unimplemented or Reserved

Figure 2-9. Port T Module Routing Register (MODRR)
Read: Anytime.
Write: Anytime.

NOTE
MODRR[4] must be kept clear on devices featuring a 4 channel PWM.

Table 2-9. MODRR Field Descriptions

Field Description

4-0 Module Routing Register Port T — This register selects the module connected to port T.
MODRR[4:0]| 0 Associated pin is connected to TIM module
1 Associated pin is connected to PWM module
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2.3.2.2 Port S Registers

2.3.2.2.1 Port S I/O Register (PTS)

Module Base + 0x0008

5 3 2 1 0
R 0 0 0 0
PTS3 PTS2 PTSH PTSO
w
SCI — — — — TXD RXD
Reset 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 2-10. Port S I/O Register (PTS)
Read: Anytime.
Write: Anytime.

If the data direction bits of the associated I/O pins are set to 1, a read returns the value of the port register,
otherwise the value at the pins is read.

The SCI port associated with transmit pin 1 is configured as output if the transmitter is enabled and the
SCI pin associated with receive pin 0 is configured as input if the receiver is enabled. Please refer to SCI
Block User Guide for details.

23.2.2.2 Port S Input Register (PTIS)

Module Base + 0x0009

5 3 2 1 0
R 0 0 0 0 PTIS3 PTIS2 PTIS1 PTISO
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 2-11. Port S Input Register (PTIS)
Read: Anytime.

Write: Never, writes to this register have no effect.
Table 2-10. PTIS Field Descriptions

Field Description

3-0 Port S Input Register — This register always reads back the status of the associated pins. This also can be
PTIS[3:0] [used to detect overload or short circuit conditions on output pins.
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2.3.2.2.3

Port S Data Direction Register (DDRS)

Module Base + 0x000A

5 3 2 1 0
R 0 0 0 0
DDRS3 DDRS2 DDRSH1 DDRSO0
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 2-12. Port S Data Direction Register (DDRS)

Read: Anytime.

Write: Anytime.

Table 2-11. DDRS Field Descriptions

Field Description
3-0 Direction Register Port S — This register configures each port S pin as either input or output.
DDRS[3:0] ||f the associated SCI transmit or receive channel is enabled this register has no effect on the pins. The pin is

forced to be an output if the SCI transmit channel is enabled, it is forced to be an input if the SCI receive channel
is enabled.

The DDRS bits revert to controlling the 1/0O direction of a pin when the associated channel is disabled.

0 Associated pin is configured as input.

1 Associated pin is configured as output.

Note: Due to internal synchronization circuits, it can take up to 2 bus cycles until the correct value is read on PTS
or PTIS registers, when changing the DDRS register.
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23.2.2.4 Port S Reduced Drive Register (RDRS)

Module Base + 0x000B

5 3 2 1 0
R 0 0 0 0
RDRS3 RDRS2 RDRS1 RDRSO0
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 2-13. Port S Reduced Drive Register (RDRS)
Read: Anytime.

Write: Anytime.
Table 2-12. RDRS Field Descriptions

Field Description

3-0 Reduced Drive Port S — This register configures the drive strength of each port S output pin as either full or
RDRS[3:0] |reduced. If the port is used as input this bit is ignored.
0 Full drive strength at output.
1 Associated pin drives at about 1/3 of the full drive strength.

2.3.2.2.5 Port S Pull Device Enable Register (PERS)

Module Base + 0x000C

5 3 2 1 0
R 0 0 0 0
PERS3 PERS2 PERS1 PERSO
w
Reset 0 0 0 0 1 1 1 1
= Unimplemented or Reserved

Figure 2-14. Port S Pull Device Enable Register (PERS)
Read: Anytime.

Write: Anytime.
Table 2-13. PERS Field Descriptions

Field Description

3-0 Reduced Drive Port S — This register configures whether a pull-up or a pull-down device is activated, if the port
PERS[3:0] |is used as input or as output in wired-or (open drain) mode. This bit has no effect if the port is used as push-pull
output. Out of reset a pull-up device is enabled.

0 Pull-up or pull-down device is disabled.
1 Either a pull-up or pull-down device is enabled.
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2.3.2.2.6 Port S Polarity Select Register (PPSS)

Module Base + 0x000D

5 3 2 1 0
R 0 0 0 0
PPSS3 PPSS2 PPSS1 PPSS0
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 2-15. Port S Polarity Select Register (PPSS)
Read: Anytime.
Write: Anytime.
Table 2-14. PPSS Field Descriptions

Field Description

3-0 Pull Select Port S — This register selects whether a pull-down or a pull-up device is connected to the pin.
PPSS[3:0] [0 A pull-up device is connected to the associated port S pin, if enabled by the associated bit in register PERS
and if the port is used as input or as wired-or output.
1 A pull-down device is connected to the associated port S pin, if enabled by the associated bit in register PERS
and if the port is used as input.

2.3.2.2.7 Port S Wired-OR Mode Register (WOMS)

Module Base + 0x000E

3 2 1 0
R 0 0 0 0
WOMSS3 WOMS2 WOMSH1 WOMSO0
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 2-16. Port S Wired-Or Mode Register (WOMS)
Read: Anytime.
Write: Anytime.
Table 2-15. WOMS Field Descriptions

Field Description

3-0 Wired-OR Mode Port S — This register configures the output pins as wired-or. If enabled the output is driven
WOMSJ[3:0] | active low only (open-drain). A logic level of “1” is not driven. This bit has no influence on pins used as inputs.
0 Output buffers operate as push-pull outputs.

1 Output buffers operate as open-drain outputs.
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2.3.2.3 Port M Registers

2.3.2.3.1 Port M I/O Register (PTM)

Module Base + 0x0010

5 4 3 2 1 0
R 0 0
PTM5 PTM4 PTM3 PTM2 PTM1 PTMO
w
MSCAN — — SCK MOSI 55 MISO TXCAN | RXCAN
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 2-17. Port M I/0O Register (PTM)
Read: Anytime.
Write: Anytime.

If the data direction bits of the associated I/O pins are set to 1, a read returns the value of the port register,
otherwise the value at the pins is read.

The SPI pin configurations (PM[5:2]) is determined by several status bits in the SPI module. Please refer
to the SPI Block User Guide for details.

2.3.2.3.2 Port M Input Register (PTIM)

Module Base + 0x0011

5 4 3 2 1 0
R 0 0 PTIM5 PTIM4 PTIM3 PTIM2 PTIMA PTIMO
W
Reset — — — — — — — —

= Unimplemented or Reserved

Figure 2-18. Port M Input Register (PTIM)

Read: Anytime.

Write: Never, writes to this register have no effect.
Table 2-16. PTIM Field Descriptions

Field Description

5-0 Port M Input Register — This register always reads back the status of the associated pins. This also can be
PTIM[5:0] |used to detect overload or short circuit conditions on output pins.
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2.3.2.3.3

Port M Data Direction Register (DDRM)

Module Base + 0x0012

5 4 3 2 1 0
R 0 0
DDRM5 DDRM4 DDRMS3 DDRM2 DDRM1 DDRMO
w
Reset — — 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 2-19. Port M Data Direction Register (DDRM)

Read: Anytime.

Write: Anytime.

Table 2-17. DDRM Field Descriptions

Field Description
5-0 Data Direction Port M — This register configures each port S pin as either input or output
DDRM[5:0] |If SPIor MSCAN is enabled, the SPl and MSCAN modules determines the pin directions. Please refer to the SPI

and MSCAN Block User Guides for details.

If the associated SCI or MSCAN transmit or receive channels are enabled, this register has no effect on the pins.
The pins are forced to be outputs if the SCl or MSCAN transmit channels are enabled, they are forced to be inputs
if the SCI or MSCAN receive channels are enabled.

The DDRS bits revert to controlling the 1/O direction of a pin when the associated channel is disabled.

0 Associated pin is configured as input.

1 Associated pin is configured as output.

Note: Due to internal synchronization circuits, it can take up to 2 bus cycles until the correct value is read on PTM
or PTIM registers, when changing the DDRM register.
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2.3.2.3.4 Port M Reduced Drive Register (RDRM)

Module Base + 0x0013

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
= Unimplemented or Reserved

Figure 2-20. Port M Reduced Drive Register (RDRM)
Read: Anytime.

Write: Anytime.
Table 2-18. RDRM Field Descriptions

Field Description

5-0 Reduced Drive Port M — This register configures the drive strength of each port M output pin as either full or
RDRMI[5:0] | reduced. If the port is used as input this bit is ignored.
0 Full drive strength at output.
1 Associated pin drives at about 1/3 of the full drive strength.

2.3.2.3.5 Port M Pull Device Enable Register (PERM)

Module Base + 0x0014

5 4 3 2 1 0
R 0 0
PERM5 PERM4 PERM3 PERM2 PERM1 PERMO
w
Reset 0 0 1 1 1 1 1 1
= Unimplemented or Reserved

Figure 2-21. Port M Pull Device Enable Register (PERM)
Read: Anytime.
Write: Anytime.
Table 2-19. PERM Field Descriptions

Field Description

5-0 Pull Device Enable Port M — This register configures whether a pull-up or a pull-down device is activated, if
PERMI[5:0] [the portis used as input or as output in wired-or (open drain) mode. This bit has no effect if the port is used as
push-pull output. Out of reset a pull-up device is enabled.

0 Pull-up or pull-down device is disabled.
1 Either a pull-up or pull-down device is enabled.
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2.3.2.3.6 Port M Polarity Select Register (PPSM)

Module Base + 0x0015

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
= Unimplemented or Reserved

Figure 2-22. Port M Polarity Select Register (PPSM)
Read: Anytime.
Write: Anytime.
Table 2-20. PPSM Field Descriptions

Field Description

5-0 Polarity Select Port M — This register selects whether a pull-down or a pull-up device is connected to the pin.
PPSM[5:0] |0 A pull-up device is connected to the associated port M pin, if enabled by the associated bit in register PERM
and if the port is used as input or as wired-or output.
1 Apull-down device is connected to the associated port M pin, if enabled by the associated bit in register PERM
and if the port is used as input.

2.3.2.3.7 Port M Wired-OR Mode Register (WOMM)

Module Base + 0x0016

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
= Unimplemented or Reserved

Figure 2-23. Port M Wired-OR Mode Register (WOMM)
Read: Anytime.
Write: Anytime.
Table 2-21. WOMM Field Descriptions

Field Description

5-0 Wired-OR Mode Port M — This register configures the output pins as wired-or. If enabled the output is driven
WOMMI5:0] | active low only (open-drain). A logic level of “1” is not driven. This bit has no influence on pins used as inputs.
0 Output buffers operate as push-pull outputs.

1 Output buffers operate as open-drain outputs.
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2.3.2.4 Port P Registers

2.3.2.41 Port P I/O Register (PTP)

Module Base + 0x0018

7 6 5 4 3 2 1 0
R
PTP7 PTP6 PTP5 PTP4 PTP3 PTP2 PTP1 PTPO
w
PWM — — PWMS5 PWM4 PWM3 PWM2 PWM1 PWMO
Reset 0 0 0 0 0 0 0 0

Figure 2-24. Port P I/O Register (PTP)
Read: Anytime.
Write: Anytime.

If the data direction bits of the associated I/O pins are set to 1, a read returns the value of the port register,
otherwise the value at the pins is read.
2.3.2.4.2 Port P Input Register (PTIP)

Module Base + 0x0019

7 6 5 4 3 2 1 0
R| PTIP7 PTIP6 PTIP5 PTIP4 PTIP3 PTIP2 PTIP1 PTIPO
w
Reset — — — — — — — —

= Unimplemented or Reserved

Figure 2-25. Port P Input Register (PTIP)

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

This register always reads back the status of the associated pins. This can be also used to detect overload
or short circuit conditions on output pins.
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2.3.2.4.3

Port P Data Direction Register (DDRP)

Module Base + 0x001A

7 6 5 4 3 2 1 0
R
DDRP7 DDRP6 DDRP5 DDRP4 DDRP3 DDRP2 DDRP1 DDRPO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-26. Port P Data Direction Register (DDRP)

Read: Anytime.

Write: Anytime.

Table 2-22. DDRP Field Descriptions

Field Description
7-0 Data Direction Port P — This register configures each port P pin as either input or output.
DDRP[7:0] [0 Associated pin is configured as input.
1 Associated pin is configured as output.
Note: Due to internal synchronization circuits, it can take up to 2 bus cycles until the correct value is read on PTP
or PTIP registers, when changing the DDRP register.
2.3.24.4 Port P Reduced Drive Register (RDRP)

Module Base + 0x001B

7 6 5 4 3 2 1 0
R
RDRP7 RDRP6 RDRP5 RDRP4 RDRP3 RDRP2 RDRP1 RDRPO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-27. Port P Reduced Drive Register (RDRP)

Read: Anytime.

Write: Anytime.

Table 2-23. RDRP Field Descriptions

Field Description
7-0 Reduced Drive Port P — This register configures the drive strength of each port P output pin as either full or
RDRP[7:0] |reduced. If the port is used as input this bit is ignored.

0 Full drive strength at output.
1 Associated pin drives at about 1/3 of the full drive strength.
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2.3.2.45 Port P Pull Device Enable Register (PERP)

Module Base + 0x001C

7 6 5 4 3 2 1 0
R
PERP7 PERP6 PERP5 PERP4 PERP3 PERP2 PERP1 PERPO
W
Reset 0 0 0 0 0 0 0 0

Figure 2-28. Port P Pull Device Enable Register (PERP)
Read: Anytime.

Write: Anytime.
Table 2-24. PERP Field Descriptions

Field Description

7-0 Pull Device Enable Port P — This register configures whether a pull-up or a pull-down device is activated, if the
PERP[7:0] |portis used as input. This bit has no effect if the port is used as output. Out of reset no pull device is enabled.
0 Pull-up or pull-down device is disabled.

1 Either a pull-up or pull-down device is enabled.

2.3.2.4.6 Port P Polarity Select Register (PPSP)

Module Base + 0x001D

7 6 5 4 3 2 1 0
R
PPSP7 PPSP6 PPSP5 PPSP4 PPSP3 PPSP2 PPSP1 PPSPO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-29. Port P Polarity Select Register (PPSP)
Read: Anytime.

Write: Anytime.
Table 2-25. PPSP Field Descriptions

Field Description

7-0 Pull Select Port P — This register serves a dual purpose by selecting the polarity of the active interrupt edge

PPSP[7:0] |as well as selecting a pull-up or pull-down device if enabled.

0 Falling edge on the associated port P pin sets the associated flag bit in the PIFP register.A pull-up device is
connected to the associated port P pin, if enabled by the associated bit in register PERP and if the port is used
as input.

1 Rising edge on the associated port P pin sets the associated flag bit in the PIFP register.A pull-down device
is connected to the associated port P pin, if enabled by the associated bit in register PERP and if the port is
used as input.
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2.3.2.4.7

Port P Interrupt Enable Register (PIEP)

Module Base + 0x001E

7 6 5 4 3 2 1 0
R
PIEP7 PIEP6 PIEP5 PIEP4 PIEP3 PIEP2 PIEP1 PIEPO
W
Reset 0 0 0 0 0 0 0 0

Figure 2-30. Port P Interrupt Enable Register (PIEP)

Read: Anytime.

Write: Anytime.

Table 2-26. PIEP Field Descriptions

Field Description
7-0 Pull Select Port P — This register disables or enables on a per pin basis the edge sensitive external interrupt
PIEP[7:0] |associated with port P.
0 Interrupt is disabled (interrupt flag masked).
1 Interrupt is enabled.
2.3.2.4.8 Port P Interrupt Flag Register (PIFP)

Module Base + 0x001F

7 6 5 4 3 2 1 0
R
PIFP7 PIFP6 PIFP5 PIFP4 PIFP3 PIFP2 PIFP1 PIFPO
W
Reset 0 0 0 0 0 0 0 0

Figure 2-31. Port P Interrupt Flag Register (PIFP)

Read: Anytime.

Write: Anytime.

Table 2-27. PIFP Field Descriptions

Field Description
7-0 Interrupt Flags Port P — Each flag is set by an active edge on the associated input pin. This could be a rising
PIFP[7:0] |or a falling edge based on the state of the PPSP register. To clear this flag, write a “1” to the corresponding bit

in the PIFP register. Writing a “0” has no effect.
0 No active edge pending.
Writing a “0” has no effect.
1 Active edge on the associated bit has occurred (an interrupt will occur if the associated enable bit is set).

Writing a “1” clears the associated flag.
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2.3.2.5 Port J Registers

2.3.2.5.1 Port J I/O Register (PTJ)

Module Base + 0x0028

7 6 5 4 3 2 1
R 0 0 0 0 0 0
PTJ7 PTJ6
W
Reset 0 0 — — — — — —
= Unimplemented or Reserved

Figure 2-32. Port J I/O Register (PTJ)
Read: Anytime.
Write: Anytime.

If the data direction bits of the associated I/O pins are set to 1, a read returns the value of the port register,
otherwise the value at the pins is read.

2.3.2.5.2 Port J Input Register (PTIJ)

Module Base + 0x0029

7 6 5 4 3 2 1
R PTIJ7 PTIJ6 0 0 0 0 0 0
W
Reset 0 0 — — — — — —
= Unimplemented or Reserved

Figure 2-33. Port J Input Register (PTIJ)
Read: Anytime.
Write: Never, writes to this register have no effect.

This register always reads back the status of the associated pins. This can be used to detect overload or
short circuit conditions on output pins.
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2.3.2.5.3 Port J Data Direction Register (DDRJ)

Module Base + 0x002A

7 6 5 4 3 2 1
R 0 0 0 0 0 0
DDRJ7 DDRJ6
w
Reset 0 0 — — — — — —
= Unimplemented or Reserved

Figure 2-34. Port J Data Direction Register (DDRJ)
Read: Anytime.

Write: Anytime.
Table 2-28. DDRJ Field Descriptions

Field Description

7-6 Data Direction Port J — This register configures port pins J[7:6] as either input or output.
DDRJ[7:6] |DDRJ[7:6] — Data Direction Port J
0 Associated pin is configured as input.
1 Associated pin is configured as output.
Note: Due to internal synchronization circuits, it can take up to 2 bus cycles until the correct value is read on PTJ
or PTIJ registers, when changing the DDRJ register.

2.3.25.4 Port J Reduced Drive Register (RDRJ)

Module Base + 0x002B

7 6 5 4 3 2 1
R 0 0 0 0 0 0
RDRJ7 RDRJ6
w
Reset 0 0 — — — — — —
= Unimplemented or Reserved

Figure 2-35. Port J Reduced Drive Register (RDRJ)
Read: Anytime.
Write: Anytime.
Table 2-29. RDRJ Field Descriptions

Field Description

7-6 Reduced Drive Port J — This register configures the drive strength of each port J output pin as either full or
RDRJ[7:6] | reduced. If the port is used as input this bit is ignored.
0 Full drive strength at output.
1 Associated pin drives at about 1/3 of the full drive strength.
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2.3.2.55 Port J Pull Device Enable Register (PERJ)

Module Base + 0x002C

7 6 5 4 3 2 1
R 0 0 0 0 0 0
PERJ7 PERJ6
w
Reset 0 0 — — — — — —
= Unimplemented or Reserved

Figure 2-36. Port J Pull Device Enable Register (PERJ)

Read: Anytime.

Write: Anytime.
Table 2-30. PERJ Field Descriptions

Field Description

7-6 Reduced Drive Port J — This register configures whether a pull-up or a pull-down device is activated, if the port
PERJ[7:6] |is used as input or as wired-or output. This bit has no effect if the port is used as push-pull output.
0 Pull-up or pull-down device is disabled.
1 Either a pull-up or pull-down device is enabled.

2.3.2.5.6 Port J Polarity Select Register (PPSJ)

Module Base + 0x002D

7 6 5 4 3 2 1
R 0 0 0 0 0 0
PPSJ7 PPSJ6
w
Reset 0 0 — — — — — —
= Unimplemented or Reserved

Figure 2-37. Port J Polarity Select Register (PPSJ)

Read: Anytime.

Write: Anytime.
Table 2-31. PPSJ Field Descriptions

Field Description

7-6 Reduced Drive Port J — This register serves a dual purpose by selecting the polarity of the active interrupt edge
PPSJ[7:6] |as well as selecting a pull-up or pull-down device if enabled.
0 Falling edge on the associated port J pin sets the associated flag bit in the PIFJ register.
A pull-up device is connected to the associated port J pin, if enabled by the associated bit in register PERJ
and if the port is used as general purpose input.
1 Rising edge on the associated port J pin sets the associated flag bit in the PIFJ register.
A pull-down device is connected to the associated port J pin, if enabled by the associated bit in register PERJ
and if the port is used as input.
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2.3.2.5.7

Port J Interrupt Enable Register (PIEJ)

Module Base + 0x002E

7 6 5 4 3 2 1
R 0 0 0 0 0 0
PIEJ7 PIEJ6
w
Reset 0 0 — — — — — —
= Unimplemented or Reserved

Figure 2-38. Port J Interrupt Enable Register (PIEJ)

Read: Anytime.

Write: Anytime.

Table 2-32. PIEJ Field Descriptions

Field Description
7-6 Interrupt Enable Port J — This register disables or enables on a per pin basis the edge sensitive external
PIEJ[7:6] |interrupt associated with port J.
0 Interrupt is disabled (interrupt flag masked).
1 Interrupt is enabled.
2.3.25.8 Port J Interrupt Flag Register (PIFJ)

Module Base + 0x002F

7 6 5 4 3 2 1
R 0 0 0 0 0 0
PIFJ7 PIFJ6
w
Reset 0 0 — — — — — —
= Unimplemented or Reserved

Figure 2-39. Port J Interrupt Flag Register (PIFJ)

Read: Anytime.

Write: Anytime.

Table 2-33. PIFJ Field Descriptions

Field Description
7-6 Interrupt Flags Port J — Each flag is set by an active edge on the associated input pin. This could be a rising
PIFJ[7:6] |or a falling edge based on the state of the PPSJ register. To clear this flag, write “1” to the corresponding bit in

the PIFJ register. Writing a “0” has no effect.

0 No active edge pending.
Writing a “0” has no effect.

1 Active edge on the associated bit has occurred (an interrupt will occur if the associated enable bit is set).
Writing a “1” clears the associated flag.
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Chapter 2 Port Integration Module (PIM9C32) Block Description

2.3.2.6 Port AD Registers

2.3.2.6.1 Port AD I/O Register (PTAD)

Module Base + 0x0030

7 6 5 4 3 2 1 0
R
PTAD7 PTAD6 PTAD5 PTAD4 PTAD3 PTAD2 PTAD1 PTADO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-40. Port AD I/O Register (PTAD)
Read: Anytime.
Write: Anytime.

If the data direction bits of the associated I/O pins are set to 1, a read returns the value of the port register,
otherwise the value at the pins is read.
2.3.2.6.2 Port AD Input Register (PTIAD)

Module Base + 0x0031

R

Reset

7

6

5

4

3

2

1

0

PTIAD7

PTIAD6

PTIAD5

PTIAD4

PTIAD3

PTIAD2

PTIAD1

PTIADO

= Unimplemented or Reserved

Figure 2-41. Port AD Input Register (PTIAD)

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

This register always reads back the status of the associated pins. This can be used to detect overload or
short circuit conditions on output pins.
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2.3.2.6.3

Module Base + 0x0032

Port AD Data Direction Register (DDRAD)

7

Vl:: DDRAD7 DDRAD6 DDRAD5 DDRAD4 DDRAD3 DDRAD2 DDRAD1 DDRADO
Reset 0 0 0 0 0 0 0 0
Figure 2-42. Port AD Data Direction Register (DDRAD)
Read: Anytime.
Write: Anytime.
Table 2-34. DDRAD Field Descriptions
Field Description
7-0 Data Direction Port AD — This register configures port pins AD[7:0] as either input or output.

DDRADI7:0] |0 Associated pin is configured as input.
1 Associated pin is configured as output.

PTAD or PTIAD registers, when changing the DDRAD register.

Note: Due to internal synchronization circuits, it can take up to 2 bus cycles until the correct value is read on

2.3.2.6.4 Port AD Reduced Drive Register (RDRAD)

Module Base + 0x0033

7 6 5 4 3 2 1 0
R
RDRAD7 RDRAD6 RDRAD5 RDRAD4 RDRAD3 RDRAD2 RDRAD1 RDRADO
w
Reset 0 0 0 0 0 0 0 0
Figure 2-43. Port AD Reduced Drive Register (RDRAD)
Read: Anytime.
Write: Anytime.
Table 2-35. RDRAD Field Descriptions
Field Description
7-0 Reduced Drive Port AD — This register configures the drive strength of each port AD output pin as either full

RDRADI[7:0] | or reduced. If the port is used as input this bit is ignored.
0 Full drive strength at output.
1 Associated pin drives at about 1/3 of the full drive strength.
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Chapter 2 Port Integration Module (PIM9C32) Block Description

Port AD Pull Device Enable Register (PERAD)

Module Base + 0x0034

7 6 5 4 3 2 1 0
R
PERAD7 PERAD6 PERADS PERAD4 PERAD3 PERAD2 PERAD1 PERADO
w
Reset 0 0 0 0 0 0 0 0

Figure 2-44. Port AD Pull Device Enable Register (PERAD)

Read: Anytime.

Write: Anytime.

Table 2-36. PERAD Field Descriptions

Field Description
7-0 Pull Device Enable Port AD — This register configures whether a pull-up or a pull-down device is activated, if
PERADI7:0] [the port is used as input. This bit has no effect if the port is used as output. Out of reset no pull device is enabled.
It is not possible to enable pull devices when a associated ATD channel is enabled simultaneously.
0 Pull-up or pull-down device is disabled.
1 Either a pull-up or pull-down device is enabled.
2.3.2.6.6 Port AD Polarity Select Register (PPSAD)

Module Base + 0x0035

7 6 5 4 3 2 1 0
R
PPSAD7 PPSAD6 PPSAD5 PPSAD4 PPSAD3 PPSAD2 PPSAD1 PPSADO
W
Reset 0 0 0 0 0 0 0 0

Figure 2-45. Port AD Polarity Select Register (PPSAD)

Read: Anytime.

Write: Anytime.

Table 2-37. PPSAD Field Descriptions

Field Description
7-0 Pull Select Port AD — This register selects whether a pull-down or a pull-up device is connected to the pin.
PPSAD[7:0] |0 A pull-up device is connected to the associated port AD pin, if enabled by the associated bit in register PERAD

and if the port is used as input.
1 A pull-down device is connected to the associated port AD pin, if enabled by the associated bit in register
PERAD and if the port is used as input.
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Chapter 2 Port Integration Module (PIM9C32) Block Description

2.4  Functional Description

Each pin can act as general purpose I/O. In addition the pin can act as an output from a peripheral module
or an input to a peripheral module.

A set of configuration registers is common to all ports. All registers can be written at any time, however a
specific configuration might not become active.

Example: Selecting a pull-up resistor. This resistor does not become active while the port is used as a push-
pull output.

2.4.1 Registers

2411 I/0 Register

This register holds the value driven out to the pin if the port is used as a general purpose I/O. Writing to
this register has only an effect on the pin if the port is used as general purpose output. When reading this
address, the value of the pins are returned if the data direction register bits are set to 0.

If the data direction register bits are set to 1, the contents of the I/O register is returned. This is independent
of any other configuration (Figure 2-46).

PTI |«
o L
’
Y
PAD
PT «—0
1
DDR 0
1

Data Out
Module Output Enable
| Module Enable

Figure 2-46. lllustration of I/O Pin Functionality

24.1.2 Input Register

This is a read-only register and always returns the value of the pin (Figure 2-46).

2413 Data Direction Register

This register defines whether the pin is used as an input or an output. If a peripheral module controls the
pin the contents of the data direction register is ignored (Figure 2-46).
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Chapter 2 Port Integration Module (PIM9C32) Block Description

241.4 Reduced Drive Register

If the port is used as an output the register allows the configuration of the drive strength.

2415 Pull Device Enable Register

This register turns on a pull-up or pull-down device. It becomes only active if the pin is used as an input
or as a wired-or output.

24.1.6 Polarity Select Register

This register selects either a pull-up or pull-down device if enabled. It becomes only active if the pin is
used as an input. A pull-up device can be activated if the pin is used as a wired-OR output.

2.4.2 Port Descriptions

2.4.2.1 Port T

This port is associated with the Standard Capture Timer. PWM output channels can be rerouted from port
P to port pins T. In all modes, port T pins can be used for either general-purpose I/O, Standard Capture
Timer I/O or as PWM channels module, if so configured by MODRR.

During reset, port T pins are configured as high-impedance inputs.

2.4.2.2 Port S

This port is associated with the serial SCI module. Port S pins PS[3:0] can be used either for general-
purpose 1/O, or with the SCI subsystem.

During reset, port S pins are configured as inputs with pull-up.

2.4.2.3 Port M

This port is associated with the MSCAN and SPI module. Port M pins PM[5:0] can be used either for
general-purpose /O, with the MSCAN or SPI subsystems.

During reset, port M pins are configured as inputs with pull-up.

24.2.4 Port AD

This port is associated with the ATD module. Port AD pins can be used either for general-purpose I/O, or
for the ATD subsystem. There are 2 data port registers associated with the Port AD: PTAD[7:0], located
in the PIM and PORTAD[7:0] located in the ATD.

To use PTAD[n] as a standard input port, the corresponding DDRD[n] must be cleared. To use PTAD[n]
as a standard output port, the corresponding DDRD[n] must be set

NOTE: To use PORTAD[n], located in the ATD as an input port register, DDRD[n] must be cleared and
ATDDIEN[n] must be set. Please refer to ATD Block Guide for details.
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2.4.2.5 Port P

The PWM module is connected to port P. Port P pins can be used as PWM outputs. Further the Keypad
Wake-Up function is implemented on pins PP[7:0]. During reset, port P pins are configured as high-

impedance inputs.

Port P offers 8 general purpose 1/O pins with edge triggered interrupt capability in wired-or fashion. The
interrupt enable as well as the sensitivity to rising or falling edges can be individually configured on per
pin basis. All 8 bits/pins share the same interrupt vector. Interrupts can be used with the pins configured

as inputs or outputs.

An interrupt is generated when a bit in the port interrupt flag register and its corresponding port interrupt
enable bit are both set. This external interrupt feature is capable to wake up the CPU when it is in STOP

or WAIT mode.

A digital filter on each pin prevents pulses (Figure 2-48) shorter than a specified time from generating an
interrupt. The minimum time varies over process conditions, temperature and voltage (Figure 2-47 and

Table 2-38).
Glitch, filtered out, no interrupt flag set
| |
I I
A
I I
| | |
| | |
Valid pulse, interrupt flag set | |
ﬂ | |
i | .
t; ' |
I pign | |
L tpval ' \|
| ’I
Figure 2-47. Interrupt Glitch Filter on Port P and J (PPS = 0)
Table 2-38. Pulse Detection Criteria
STOP Mode sToP() Mode
Pulse
Value Unit Value Unit
Ignored toign <=3 Bus clocks toign <= 3.2 us
Uncertain 3 <tpuse <4 Bus clocks 3.2 <tyyge <10 us
Valid toval >= 4 Bus clocks toval >= 10 us
T. These values include the spread of the oscillator frequency over temperature,
voltage and process.
B tpulse o
Figure 2-48. Pulse lllustration
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Chapter 2 Port Integration Module (PIM9C32) Block Description

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

The filters are continuously clocked by the bus clock in RUN and WAIT mode. In STOP mode the clock
is generated by a single 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:

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

2.4.2.6 Port J

In all modes, port J pins PJ[7:6] can be used for general purpose I/O or interrupt driven general purpose
I/O’s. During reset, port J pins are configured as inputs.

Port J offers 2 I/O ports with the same interrupt features as on port P.

2.4.3 Port A, B, E and BKGD Pin

All port and pin logic is located in the core module. Please refer to S12_mebi Block User Guide for details.

24.4 External Pin Descriptions

All ports start up as general purpose inputs on reset.

2.4.5 Low Power Options

2.4.51 Run Mode

No low power options exist for this module in run mode.

2.4.5.2 Wait Mode

No low power options exist for this module in wait mode.

2453 Stop Mode

All clocks are stopped. There are asynchronous paths to generate interrupts from STOP on port P and J.

2.5 Initialization Information

The reset values of all registers are given in Section 2.3.2, “Register Descriptions”.

2.5.1 Reset Initialization

All registers including the data registers get set/reset asynchronously. Table 2-39 summarizes the port
properties after reset initialization.
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Table 2-39. Port Reset State Summary

Reset States
Port
Data Direction Pull Mode Reduced Drive Wired-OR Mode Interrupt

T Input Hi-z Disabled n/a n/a
S Input Pull up Disabled Disabled n/a
M Input Pull up Disabled Disabled n/a
P Input Hi-z Disabled n/a Disabled
J Input Hi-z Disabled n/a Disabled
A
B
= Refer to MEBI Block Guide for details.

BKGD pin Refer to BDM Block Guide for details.

2.6 Interrupts

Port P and J generate a separate edge sensitive interrupt if enabled.

2.6.1 Interrupt Sources
Table 2-40. Port Integration Module Interrupt Sources
Interrupt Source Interrupt Flag Local Enable Global (CCR) Mask
Port P PIFP[7:0] PIEP[7:0] | Bit
Port J PIFJ[7:6] PIEJ[7:6] | Bit
NOTE
Vector addresses and their relative interrupt priority are determined at the
MCU level.
2.6.2 Recovery from STOP

The PIM can generate wake-up interrupts from STOP on port P and J. For other sources of external
interrupts please refer to the respective Block User Guide.

2.7

It is not recommended to write PORTx and DDRx in a word access. When changing the register pins from
inputs to outputs, the data may have extra transitions during the write access. Initialize the port data register
before enabling the outputs.

Application Information

Power consumption will increase the more the voltages on general purpose input pins deviate from the
supply voltages towards mid-range because the digital input buffers operate in the linear region.
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Chapter 3

Module Mapping Control (MMCV4) Block Description

3.1 Introduction

This section describes the functionality of the module mapping control (MMC) sub-block of the S12 core

platform.

The block diagram of the MMC is shown in Figure 3-1.

SECURE

BDM_UNSECURE

STOP, WAIT

\

MMC_SECURE

READ & WRITE ENABLES

\

CLOCKS, RESET

A4

MODE INFORMATION

EBI ALTERNATE ADDRESS BUS

MMC
SECURITY
A AL
o ADDRESS DECODE
REGISTERS
—  INTERNAL MEMORY
EXPANSION

PORT K INTERFACE

A

MEMORY SPACE SELECT(S)

\

PERIPHERAL SELECT

EBI ALTERNATE WRITE DATA BUS

__ EBI ALTERNATE READ DATA BUS

A4

CPU ADDRESS BUS

CPU READ DATA BUS

Y

A

CPU WRITE DATA BUS

CPU CONTROL

BUS CONTROL

CORE SELECT (S)

__ ALTERNATE ADDRESS BUS (BDM)

\

Y

__ ALTERNATE WRITE DATA BUS (BDM)

ALTERNATE READ DATA BUS (BDM)

\

Figure 3-1. MMC Block Diagram

The MMC is the sub-module which controls memory map assignment and selection of internal resources
and external space. Internal buses between the core and memories and between the core and peripherals is
controlled in this module. The memory expansion is generated in this module.
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Chapter 3 Module Mapping Control (MMCV4) Block Description

3.1.1

3.1.2

Features
Registers for mapping of address space for on-chip RAM, EEPROM, and FLASH (or ROM)
memory blocks and associated registers
Memory mapping control and selection based upon address decode and system operating mode
Core address bus control
Core data bus control and multiplexing
Core security state decoding
Emulation chip select signal generation (ECS)
External chip select signal generation (XCS)
Internal memory expansion
External stretch and ROM mapping control functions via the MISC register
Reserved registers for test purposes

Configurable system memory options defined at integration of core into the system-on-a-chip
(SoC).

Modes of Operation

Some of the registers operate differently depending on the mode of operation (i.e., normal expanded wide,
special single chip, etc.). This is best understood from the register descriptions.

3.2

External Signal Description

All interfacing with the MMC sub-block is done within the core, it has no external signals.

3.3

Memory Map and Register Definition

A summary of the registers associated with the MMC sub-block is shown in Figure 3-2. Detailed
descriptions of the registers and bits are given in the subsections that follow.

3.3.1 Module Memory Map
Table 3-1. MMC Memory Map

Address ;

Offset Register Access

0x0010 Initialization of Internal RAM Position Register (INITRM) R/W

0x0011 Initialization of Internal Registers Position Register (INITRG) R/W

0x0012 Initialization of Internal EEPROM Position Register (INITEE) R/W

0x0013 Miscellaneous System Control Register (MISC) R/W

0x0014 Reserved —
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Table 3-1. MMC Memory Map (continued)

Address

Offset Register Access

0x0017 Reserved —

0x001C Memory Size Register 0 (MEMSIZO0)

0x001D Memory Size Register 1 (MEMSIZ1) R

0x0030 Program Page Index Register (PPAGE) R/W

0x0031 Reserved —
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3.3.2

Name

0x0010
INITRM

0x0011
INITRG

0x0012
INITEE

0x0013
MISC

0x0014
MTSTO

0x0017
MTSTH

0x001C

MEMSIZ0

0x001D

MEMSIZ1

0x0030
PPAGE

0x0031

Reserved

=3 =3 = =3 =31 =3I =3I =T

R
w

Register Descriptions

Bit7 6 5 4 3 1 Bit 0
0
RAM15 RAM14 RAM13 RAM12 RAM11 RAMHAL
0 0 0 0
REG14 REG13 REG12 REG11
0 0
EE15 EE14 EE13 EE12 EE11 EEON
0 0 0 0
EXSTR1 EXSTRO | ROMHM | ROMON
Bit 7 6 5 4 3 2 1 Bit 0
Bit 7 6 5 4 3 2 1 Bit 0
REG_SWO0 0 EEP_SW1 | EEP_SWO 0 RAM_SW2 | RAM_SW1 | RAM_SWO0
ROM_SW1|ROM_SWO0 0 0 0 0 PAG_SW1 | PAG_SWO0
0 0
PIX5 PIX4 PIX3 PIX2 PIX1 PIX0
0 0 0 0 0 0 0 0

: = Unimplemented

Figure 3-2. MMC Register Summary
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3.3.2.1

Module Base + 0x0010

Initialization of Internal RAM Position Register (INITRM)

Chapter 3 Module Mapping Control (MMCV4) Block Description

Starting address location affected by INITRG register setting.

7

6

5

4

R
RAM15 RAM14 RAM13 RAM12 RAM11 RAMHAL
w
Reset 0 0 0 0 1 1

Read: Anytime

Write: Once in normal and emulation modes, anytime in special modes

Writes to this register take one cycle to go into effect.

= Unimplemented or Reserved

NOTE

Figure 3-3. Initialization of Internal RAM Position Register (INITRM)

This register initializes the position of the internal RAM within the on-chip system memory map.

Table 3-2. INITRM Field Descriptions

Field Description
7:3 Internal RAM Map Position — These bits determine the upper five bits of the base address for the system’s
RAM[15:11] | internal RAM array.
0 RAM High-Align — RAMHAL specifies the alignment of the internal RAM array.
RAMHAL |0 Aligns the RAM to the lowest address (0x0000) of the mappable space

1 Aligns the RAM to the higher address (OxFFFF) of the mappable space
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3.3.2.2 Initialization of Internal Registers Position Register (INITRG)

Module Base + 0x0011
Starting address location affected by INITRG register setting.

6 5 4 3 1
R 0 0 0 0
REG14 REG13 REG12 REG11
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 3-4. Initialization of Internal Registers Position Register (INITRG)
Read: Anytime
Write: Once in normal and emulation modes and anytime in special modes

This register initializes the position of the internal registers within the on-chip system memory map. The

registers occupy either a 1K byte or 2K byte space and can be mapped to any 2K byte space within the first
32K bytes of the system’s address space.

Table 3-3. INITRG Field Descriptions

Field Description
6:3 Internal Register Map Position — These four bits in combination with the leading zero supplied by bit 7 of
REG[14:11] | INITRG determine the upper five bits of the base address for the system’s internal registers (i.e., the minimum
base address is 0x0000 and the maximum is Ox7FFF).
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3.3.2.3 Initialization of Internal EEPROM Position Register (INITEE)

Module Base + 0x0012
Starting address location affected by INITRG register setting.

7 6 5 4 3 2 1 0
R 0 0
EE15 EE14 EE13 EE12 EE11 EEON
W
Reset! — — — — — — — —

1. The reset state of this register is controlled at chip integration. Please refer to the device overview section to determine the
actual reset state of this register.

= Unimplemented or Reserved

Figure 3-5. Initialization of Internal EEPROM Position Register (INITEE)

Read: Anytime

Write: The EEON bit can be written to any time on all devices. Bits E[11:15] are “write anytime in all
modes” on most devices. On some devices, bits E[11:15] are “write once in normal and emulation modes
and write anytime in special modes”. See device overview chapter to determine the actual write access
rights.

NOTE

Writes to this register take one cycle to go into effect.

This register initializes the position of the internal EEPROM within the on-chip system memory map.
Table 3-4. INITEE Field Descriptions

Field Description
7:3 Internal EEPROM Map Position — These bits determine the upper five bits of the base address for the system’s
EE[15:11] |internal EEPROM array.
0 Enable EEPROM — This bit is used to enable the EEPROM memory in the memory map.
EEON 0 Disables the EEPROM from the memory map.
1 Enables the EEPROM in the memory map at the address selected by EE[15:11].
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3.3.2.4

Miscellaneous System Control Register (MISC)

Module Base + 0x0013
Starting address location affected by INITRG register setting.

6 5 3 2 1 0
R 0 0 0 0
EXSTR1 EXSTRO ROMHM ROMON

w

Reset: Expano!ed 0 0 0 0 1 1 0 4
or Emulation
Reset: Peripheral

or Single Chip 0 0 0 0 1 1 0 1

Reset: Special Test 0 0 0 0 1 1 0 0

1. The reset state of this bit is determined at the chip integration level.

= Unimplemented or Reserved

Figure 3-6. Miscellaneous System Control Register (MISC)

Read: Anytime

Write: As stated in each bit description

NOTE
Writes to this register take one cycle to go into effect.

This register initializes miscellaneous control functions.

Table 3-5. INITEE Field Descriptions

Field

Description

3:2
EXSTR[1:0]

External Access Stretch Bits 1 and 0

Write: once in normal and emulation modes and anytime in special modes

This two-bit field determines the amount of clock stretch on accesses to the external address space as shown in
Table 3-6. In single chip and peripheral modes these bits have no meaning or effect.

ROMHM

FLASH EEPROM or ROM Only in Second Half of Memory Map

Write: once in normal and emulation modes and anytime in special modes

0 The fixed page(s) of FLASH EEPROM or ROM in the lower half of the memory map can be accessed.

1 Disables direct access to the FLASH EEPROM or ROM in the lower half of the memory map. These physical
locations of the FLASH EEPROM or ROM remain accessible through the program page window.

ROMON

ROMON — Enable FLASH EEPROM or ROM

Write: once in normal and emulation modes and anytime in special modes

This bit is used to enable the FLASH EEPROM or ROM memory in the memory map.
0 Disables the FLASH EEPROM or ROM from the memory map.

1 Enables the FLASH EEPROM or ROM in the memory map.
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Table 3-6. External Stretch Bit Definition

Stretch Bit EXSTR1 | Stretch Bit EXSTRO | Number of E Clocks Stretched
0 0 0
0 1 1
1 0 2
1 1 3

3.3.25 Reserved Test Register 0 (MTSTO)

Module Base + 0x0014
Starting address location affected by INITRG register setting.

5 4 3 2 1
R 0 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 3-7. Reserved Test Register 0 (MTSTO)

Read: Anytime

Write: No effect — this register location is used for internal test purposes.

3.3.2.6 Reserved Test Register 1 (MTST1)

Module Base + 0x0017
Starting address location affected by INITRG register setting.

5 4 3 2 1
R 0 0 0 0 0 0 0
W
Reset 0 0 0 1 0 0 0
= Unimplemented or Reserved

Figure 3-8. Reserved Test Register 1 (MTST1)

Read: Anytime

Write: No effect — this register location is used for internal test purposes.
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3.3.2.7

Module Base + 0x001C

Memory Size Register 0 (MEMSIZO0)

Starting address location affected by INITRG register setting.

7 5 4 3 2 1 0
R| REG_SWo0 0 EEP_SW1 | EEP_SWO 0 RAM_SW2 | RAM_SW1 [ RAM_SWO0
w
Reset — — — — — — — —

Read: Anytime

= Unimplemented or Reserved

Figure 3-9. Memory Size Register 0 (MEMSIZO0)

Write: Writes have no effect

Reset: Defined at chip integration, see device overview section.

The MEMSIZO0 register reflects the state of the register, EEPROM and RAM memory space configuration
switches at the core boundary which are configured at system integration. This register allows read
visibility to the state of these switches.

Table 3-7. MEMSIZO Field Descriptions

Field Description
7 Allocated System Register Space
REG_SWO0 |0 Allocated system register space size is 1K byte
1 Allocated system register space size is 2K byte
5:4 Allocated System EEPROM Memory Space — The allocated system EEPROM memory space size is as
EEP_SWI[1:0] | given in Table 3-8.
2 Allocated System RAM Memory Space — The allocated system RAM memory space size is as given in
RAM_SW][2:0] | Table 3-9.

Table 3-8. Allocated EEPROM Memory Space

eep_sw1:eep_sw0 Allocated EEPROM Space

00 OK byte

01 2K bytes

10 4K bytes

11 8K bytes

Table 3-9. Allocated RAM Memory Space
ram sw2:ram SwO Allocated RAM . I-NITRM RAM Reset
- - RAM Space Mappable Region Bits Used Base Address(!)

000 2K bytes 2K bytes RAM[15:11] 0x0800
001 4K bytes 4K bytes RAM[15:12] 0x0000
010 6K bytes 8K bytes® RAM[15:13] 0x0800
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Table 3-9. Allocated RAM Memory Space (continued)

ram sw2:ram SwO Allocated RAM INITRM RAM Reset
—netel- RAM Space Mappable Region Bits Used Base Address(!)
011 8K bytes 8K bytes RAM[15:13] 0x0000
100 10K bytes 16K bytes 2 RAM[15:14] 0x1800
101 12K bytes 16K bytes 2 RAM[15:14] 0x1000
110 14K bytes 16K bytes 2 RAM[15:14] 0x0800
111 16K bytes 16K bytes RAM[15:14] 0x0000
T. The RAM Reset BASE Address is based on ihe reset value of the INTTRM register, 0X0009.

2. Alignment of the Allocated RAM space within the RAM mappable region is dependent on the value of RAMHAL.

NOTE

As stated, the bits in this register provide read visibility to the system
physical memory space allocations defined at system integration. The actual
array size for any given type of memory block may differ from the allocated
size. Please refer to the device overview chapter for actual sizes.

3.3.2.8 Memory Size Register 1 (MEMSIZ1)

Module Base + 0x001D
Starting address location affected by INITRG register setting.

7 6 5 4 3 2 1 0
R| ROM_SW1 | ROM_SWO0 0 0 0 0 PAG_SW1 | PAG_SWO
w
Reset — — — — — — — —

= Unimplemented or Reserved

Figure 3-10. Memory Size Register 1 (MEMSIZ1)
Read: Anytime
Write: Writes have no effect
Reset: Defined at chip integration, see device overview section.

The MEMSIZ]1 register reflects the state of the FLASH or ROM physical memory space and paging
switches at the core boundary which are configured at system integration. This register allows read
visibility to the state of these switches.
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Table 3-10. MEMSIZO0 Field Descriptions

Field Description
7:6 Allocated System FLASH or ROM Physical Memory Space — The allocated system FLASH or ROM
ROM_SWI[1:0] | physical memory space is as given in Table 3-11.
1:0 Allocated Off-Chip FLASH or ROM Memory Space — The allocated off-chip FLASH or ROM memory space
PAG_SWI[1:0] |size is as given in Table 3-12.

Table 3-11. Allocated FLASH/ROM Physical Memory Space

rom swi:rom swo Allocated FLASH
- - or ROM Space
00 OK byte
01 16K bytes
10 48K bytes(!)
11 64K bytes(")

NOTES:

1. The ROMHM software bit in the MISC register determines the accessibility of the
FLASH/ROM memory space. Please refer to Section 3.3.2.8, “Memory Size Register 1
(MEMSIZ1),” for a detailed functional description of the ROMHM bit.

Table 3-12. Allocated Off-Chip Memory Options

pag_sw1:pag_sw0 Off-Chip Space On-Chip Space
00 876K bytes 128K bytes
01 768K bytes 256K bytes
10 512K bytes 512K bytes
11 OK byte 1M byte
NOTE

As stated, the bits in this register provide read visibility to the system
memory space and on-chip/oft-chip partitioning allocations defined at
system integration. The actual array size for any given type of memory
block may differ from the allocated size. Please refer to the device overview
chapter for actual sizes.
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3.3.2.9 Program Page Index Register (PPAGE)

Module Base + 0x0030
Starting address location affected by INITRG register setting.

5 4 3 2 1 0
R 0 0
PIX5 PIX4 PIX3 PIX2 PIX1 PIX0
W
Reset! — — — — — — — —

1. The reset state of this register is controlled at chip integration. Please refer to the device overview section to determine the
actual reset state of this register.

= Unimplemented or Reserved

Figure 3-11. Program Page Index Register (PPAGE)
Read: Anytime

Write: Determined at chip integration. Generally it’s: “write anytime in all modes;” on some devices it will
be: “write only in special modes.” Check specific device documentation to determine which applies.

Reset: Defined at chip integration as either 0x00 (paired with write in any mode) or 0x3C (paired with
write only in special modes), see device overview chapter.

The HCS12 core architecture limits the physical address space available to 64K bytes. The program page
index register allows for integrating up to 1M byte of FLASH or ROM into the system by using the six
page index bits to page 16K byte blocks into the program page window located from 0x8000 to OxBFFF
as defined in Table 3-14. CALL and RTC instructions have special access to read and write this register
without using the address bus.

NOTE

Normal writes to this register take one cycle to go into effect. Writes to this
register using the special access of the CALL and RTC instructions will be
complete before the end of the associated instruction.

Table 3-13. MEMSIZO0 Field Descriptions

Field Description
5:0 Program Page Index Bits 5:0 — These page index bits are used to select which of the 64 FLASH or ROM
PIX[5:0] array pages is to be accessed in the program page window as shown in Table 3-14.
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Table 3-14. Program Page Index Register Bits

PIX5 PIX4 PIX3 PIX2 PIX1 PIX0 Progz;égace

0 0 0 0 0 0 16K page 0

0 0 0 0 0 1 16K page 1

0 0 0 0 1 0 16K page 2
0 0 0 0 1 1 16K page 3
! 1 1 1 0 0 16K page 60
! 1 1 1 0 1 16K page 61
1 1 1 1 1 0 16K page 62
! 1 1 1 1 1 16K page 63

3.4 Functional Description

The MMC sub-block performs four basic functions of the core operation: bus control, address decoding
and select signal generation, memory expansion, and security decoding for the system. Each aspect is
described in the following subsections.

3.4.1 Bus Control

The MMC controls the address bus and data buses that interface the core with the rest of the system. This
includes the multiplexing of the input data buses to the core onto the main CPU read data bus and control
of data flow from the CPU to the output address and data buses of the core. In addition, the MMC manages
all CPU read data bus swapping operations.

3.4.2 Address Decoding

As data flows on the core address bus, the MMC decodes the address information, determines whether the
internal core register or firmware space, the peripheral space or a memory register or array space is being
addressed and generates the correct select signal. This decoding operation also interprets the mode of
operation of the system and the state of the mapping control registers in order to generate the proper select.
The MMC also generates two external chip select signals, emulation chip select (ECS) and external chip
select (XCS).

3.4.2.1 Select Priority and Mode Considerations

Although internal resources such as control registers and on-chip memory have default addresses, each can
be relocated by changing the default values in control registers. Normally, I/O addresses, control registers,
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vector spaces, expansion windows, and on-chip memory are mapped so that their address ranges do not
overlap. The MMC will make only one select signal active at any given time. This activation is based upon
the priority outlined in Table 3-15. If two or more blocks share the same address space, only the select
signal for the block with the highest priority will become active. An example of this is if the registers and
the RAM are mapped to the same space, the registers will have priority over the RAM and the portion of
RAM mapped in this shared space will not be accessible. The expansion windows have the lowest priority.
This means that registers, vectors, and on-chip memory are always visible to a program regardless of the
values in the page select registers.

Table 3-15. Select Signal Priority

Priority Address Space

Highest BDM (internal to core) firmware or register space

Internal register space

RAM memory block

EEPROM memory block

On-chip FLASH or ROM

Lowest Remaining external space

In expanded modes, all address space not used by internal resources is by default external memory space.
The data registers and data direction registers for ports A and B are removed from the on-chip memory
map and become external accesses. If the EME bit in the MODE register (see MEBI block description
chapter) is set, the data and data direction registers for port E are also removed from the on-chip memory
map and become external accesses.

In special peripheral mode, the first 16 registers associated with bus expansion are removed from the on-
chip memory map (PORTA, PORTB, DDRA, DDRB, PORTE, DDRE, PEAR, MODE, PUCR, RDRIV,
and the EBI reserved registers).

In emulation modes, if the EMK bit in the MODE register (see MEBI block description chapter) is set, the
data and data direction registers for port K are removed from the on-chip memory map and become
external accesses.

3.4.2.2 Emulation Chip Select Signal

When the EMK bit in the MODE register (see MEBI block description chapter) is set, port K bit 7 is used
as an active-low emulation chip select signal, ECS. This signal is active when the system is in emulation
mode, the EMK bit is set and the FLASH or ROM space is being addressed subject to the conditions
outlined in Section 3.4.3.2, “Extended Address (XAB19:14) and ECS Signal Functionality.” When the
EMK bit is clear, this pin is used for general purpose I/O.

3.4.23 External Chip Select Signal

When the EMK bit in the MODE register (see MEBI block description chapter) is set, port K bit 6 is used
as an active-low external chip select signal, XCS. This signal is active only when the ECS signal described
above is not active and when the system is addressing the external address space. Accesses to
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unimplemented locations within the register space or to locations that are removed from the map (i.e., ports
A and B in expanded modes) will not cause this signal to become active. When the EMK bit is clear, this
pin is used for general purpose 1/O.

3.4.3

The HCS12 core architecture limits the physical address space available to 64K bytes. The program page
index register allows for integrating up to 1M byte of FLASH or ROM into the system by using the six
page index bits to page 16K byte blocks into the program page window located from 0x8000 to OxBFFF
in the physical memory space. The paged memory space can consist of solely on-chip memory or a
combination of on-chip and off-chip memory. This partitioning is configured at system integration through
the use of the paging configuration switches (pag_swli:pag_sw0) at the core boundary. The options
available to the integrator are as given in Table 3-16 (this table matches Table 3-12 but is repeated here for
easy reference).

Memory Expansion

Table 3-16. Allocated Off-Chip Memory Options

Based upon the system configuration, the program page window will consider its access to be either

pag_sw1:pag_sw0 Off-Chip Space On-Chip Space
00 876K bytes 128K bytes
01 768K bytes 256K bytes
10 512K bytes 512K bytes
11 OK byte 1M byte

internal or external as defined in Table 3-17.

Table 3-17. External/Internal Page Window Access

. N . Page Window

pag_sw1:pag_sw0 Partitioning PIX5:0 Value Access

00 876K off-Chip, 0x0000-0x0037 External
128K on-Chip

0x0038-0x003F Internal

01 768K off-chip, 0x0000-0x002F External
256K on-chip

0x0030-0x003F Internal

10 512K off-chip, 0x0000-0x001F External
512K on-chip

0x0020-0x003F Internal

11 OK off-chip, N/A External

1M on-chip
0x0000-0x003F Internal
NOTE

The partitioning as defined in Table 3-17 applies only to the allocated
memory space and the actual on-chip memory sizes implemented in the
system may differ. Please refer to the device overview chapter for actual

sizes.
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The PPAGE register holds the page select value for the program page window. The value of the PPAGE
register can be manipulated by normal read and write (some devices don’t allow writes in some modes)
instructions as well as the CALL and RTC instructions.

Control registers, vector spaces, and a portion of on-chip memory are located in unpaged portions of the
64K byte physical address space. The stack and I/0 addresses should also be in unpaged memory to make
them accessible from any page.

The starting address of a service routine must be located in unpaged memory because the 16-bit exception
vectors cannot point to addresses in paged memory. However, a service routine can call other routines that
are in paged memory. The upper 16K byte block of memory space (0xCO00—0xFFFF) is unpaged. It is
recommended that all reset and interrupt vectors point to locations in this area.

3.4.3.1 CALL and Return from Call Instructions

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

During the execution of a CALL instruction, the CPU:

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

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

*  Pushes the old PPAGE value onto the stack.

* Calculates the effective address of the subroutine, refills the queue, and begins execution at the new
address on the selected page of the expansion window.

This sequence is uninterruptable; there is no need to inhibit interrupts during CALL execution. A CALL
can be performed from any address in memory to any other address.

The PPAGE value supplied by the instruction is part of the effective address. 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 CALL, 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 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. RTC unstacks the PPAGE

value and the return address and refills the queue. Execution resumes with the next instruction after the
CALL.
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During the execution of an RTC instruction, the CPU:
*  Pulls the old PPAGE value from the stack
* Pulls the 16-bit return address from the stack and loads it into the PC
*  Writes the old PPAGE value into the PPAGE register
* Refills the queue and resumes execution at the return address

This sequence is uninterruptable; an RTC can be executed from anywhere in memory, even from a different
page of extended memory in the expansion window.

The CALL and RTC instructions behave like JSR and RTS, except they use more execution cycles.
Therefore, routinely substituting CALL/RTC for JSR/RTS is not recommended. JSR and RTS can be used
to access subroutines that are on the same page in expanded memory. However, a subroutine in expanded
memory that can be called from other pages must be terminated with an RTC. And the RTC unstacks a
PPAGE value. So any access to the subroutine, even from the same page, must use a CALL instruction so
that the correct PPAGE value is in the stack.

3.4.3.2 Extended Address (XAB19:14) and ECS Signal Functionality

If the EMK bit in the MODE register is set (see MEBI block description chapter) the PIX5:0 values will
be output on XAB19:14 respectively (port K bits 5:0) when the system is addressing within the physical
program page window address space (0x8000—0xBFFF) and is in an expanded mode. When addressing
anywhere else within the physical address space (outside of the paging space), the XAB19:14 signals will
be assigned a constant value based upon the physical address space selected. In addition, the active-low
emulation chip select signal, ECS, will likewise function based upon the assigned memory allocation. In
the cases of 48K byte and 64K byte allocated physical FLASH/ROM space, the operation of the ECS
signal will additionally depend upon the state of the ROMHM bit (see Section 3.3.2.4, “Miscellaneous
System Control Register (MISC)”) in the MISC register. Table 3-18, Table 3-19, Table 3-20, and Table 3-
21 summarize the functionality of these signals based upon the allocated memory configuration. Again,
this signal information is only available externally when the EMK bit is set and the system is in an
expanded mode.

Table 3-18. 0K Byte Physical FLASH/ROM Allocated

Address Space Page Window Access ROMHM | ECS | XAB19:14
0x0000-0x3FFF N/A N/A 1 0x3D
0x4000-0x7FFF N/A N/A 1 O0x3E
0x8000-0xBFFF N/A N/A 0 PIX[5:0]
0xC000-0xFFFF N/A N/A 0 O0x3F

Table 3-19. 16K Byte Physical FLASH/ROM Allocated

Address Space Page Window Access ROMHM | ECS | XAB19:14
0x0000-0x3FFF N/A N/A 1 0x3D
0x4000-0x7FFF N/A N/A 1 Ox3E
0x8000-0xBFFF N/A N/A 1 PIX[5:0]
0xC000—-0xFFFF N/A N/A 0 Ox3F
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Address Space Page Window Access ROMHM | ECS | XAB19:14
0x0000-0x3FFF N/A N/A 1 0x3D
0x4000-0x7FFF N/A 0 0 Ox3E
N/A 1 1
0x8000-0xBFFF External N/A 1 PIX[5:0]
Internal N/A 0
0xC000-0xFFFF N/A N/A 0 Ox3F
Table 3-21. 64K Byte Physical FLASH/ROM Allocated
Address Space Page Window Access ROMHM | ECS | XAB19:14
0x0000-0x3FFF N/A 0 0 0x3D
N/A 1 1
0x4000-0x7FFF N/A 0 0 0x3E
N/A 1 1
0x8000-0xBFFF External N/A 1 PIX[5:0]
Internal N/A 0
0xC000-0xFFFF N/A N/A 0 O0x3F
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A graphical example of a memory paging for a system configured as 1M byte on-chip FLASH/ROM with
64K allocated physical space is given in Figure 3-12.

0x0000
61

16K FLASH
(UNPAGED)

0x4000
X 62

16K FLASH
(UNPAGED) -

ONE 16K FLASH/ROM PAGE ACCESSIBLE AT A TIME
(SELECTED BY PPAGE = 0 TO 63)

0x8000 b (f———— — — — —

16K FLASH
(PAGED)

0xC000

63

These 16K FLASH/ROM pages accessible from 0x0000 to 0x7FFF if selected
by the ROMHM bit in the MISC register.

16K FLASH
(UNPAGED)

OXFFOO | — = — _ .
VECTORS
OXFFFF

NORMAL
SINGLE CHIP

Figure 3-12. Memory Paging Example: 1M Byte On-Chip FLASH/ROM, 64K Allocation
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Chapter 4
Multiplexed External Bus Interface (MEBIV3)

4.1 Introduction

This section describes the functionality of the multiplexed external bus interface (MEBI) sub-block of the
S12 core platform. The functionality of the module is closely coupled with the S12 CPU and the memory
map controller (MMC) sub-blocks.

Figure 4-1 is a block diagram of the MEBI. In Figure 4-1, the signals on the right hand side represent pins
that are accessible externally. On some chips, these may not all be bonded out.

The MEBI sub-block of the core serves to provide access and/or visibility to internal core data
manipulation operations including timing reference information at the external boundary of the core and/or
system. Depending upon the system operating mode and the state of bits within the control registers of the
MERBI, the internal 16-bit read and write data operations will be represented in 8-bit or 16-bit accesses
externally. Using control information from other blocks within the system, the MEBI will determine the
appropriate type of data access to be generated.

411 Features

The block name includes these distinctive features:
» External bus controller with four 8-bit ports A,B, E, and K
» Data and data direction registers for ports A, B, E, and K when used as general-purpose 1/0
» Control register to enable/disable alternate functions on ports E and K
* Mode control register
» Control register to enable/disable pull resistors on ports A, B, E, and K
» Control register to enable/disable reduced output drive on ports A, B, E, and K
* Control register to configure external clock behavior
+  Control register to configure IRQ pin operation
* Logic to capture and synchronize external interrupt pin inputs
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Figure 4-1. MEBI Block Diagram
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Modes of Operation

Normal expanded wide mode

Ports A and B are configured as a 16-bit multiplexed address and data bus and port E provides bus
control and status signals. This mode allows 16-bit external memory and peripheral devices to be
interfaced to the system.

Normal expanded narrow mode

Ports A and B are configured as a 16-bit address bus and port A is multiplexed with 8-bit data.
Port E provides bus control and status signals. This mode allows 8-bit external memory and
peripheral devices to be interfaced to the system.

Normal single-chip mode

There is no external expansion bus in this mode. The processor program is executed from internal
memory. Ports A, B, K, and most of E are available as general-purpose I/O.

Special single-chip mode
This mode is generally used for debugging single-chip operation, boot-strapping, or security
related operations. The active background mode is in control of CPU execution and BDM firmware

is waiting for additional serial commands through the BKGD pin. There is no external expansion
bus after reset in this mode.

Emulation expanded wide mode

Developers use this mode for emulation systems in which the users target application is normal
expanded wide mode.

Emulation expanded narrow mode

Developers use this mode for emulation systems in which the users target application is normal
expanded narrow mode.

Special test mode

Ports A and B are configured as a 16-bit multiplexed address and data bus and port E provides bus
control and status signals. In special test mode, the write protection of many control bits is lifted
so that they can be thoroughly tested without needing to go through reset.

Special peripheral mode

This mode is intended for Freescale Semiconductor factory testing of the system. The CPU is
inactive and an external (tester) bus master drives address, data, and bus control signals.

External Signal Description

In typical implementations, the MEBI sub-block of the core interfaces directly with external system pins.
Some pins may not be bonded out in all implementations.

Table 4-1 outlines the pin names and functions and gives a brief description of their operation reset state
of these pins and associated pull-ups or pull-downs is dependent on the mode of operation and on the
integration of this block at the chip level (chip dependent).
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Table 4-1. External System Pins Associated With MEBI

Pin Name Pin Functions Description
BKGD/MODC/ MODC At the rising edge on RESET, the state of this pin is registered into the MODC
TAGHI bit to set the mode. (This pin always has an internal pullup.)
BKGD Pseudo open-drain communication pin for the single-wire background debug
mode. There is an internal pull-up resistor on this pin.
TAGHI When instruction tagging is on, a 0 at the falling edge of E tags the high half of
the instruction word being read into the instruction queue.
PA7/A15/D15/D7 PA7-PAOQ General-purpose /O pins, see PORTA and DDRA registers.
thru
PAO/A8/D8/DO A15-A8 High-order address lines multiplexed during ECLK low. Outputs except in
special peripheral mode where they are inputs from an external tester system.
D15-D8 High-order bidirectional data lines multiplexed during ECLK high in expanded
wide modes, special peripheral mode, and visible internal accesses (IVIS = 1)
in emulation expanded narrow mode. Direction of data transfer is generally
indicated by R/W.
D15/D7 Alternate high-order and low-order bytes of the bidirectional data lines
thru multiplexed during ECLK high in expanded narrow modes and narrow accesses
D8/D0 in wide modes. Direction of data transfer is generally indicated by R/W.
PB7/A7/D7 PB7-PBO General-purpose /O pins, see PORTB and DDRB registers.
thru
PB0/A0/DO A7-A0 Low-order address lines multiplexed during ECLK low. Outputs except in
special peripheral mode where they are inputs from an external tester system.
D7-D0 Low-order bidirectional data lines multiplexed during ECLK high in expanded
wide modes, special peripheral mode, and visible internal accesses (with
IVIS = 1) in emulation expanded narrow mode. Direction of data transfer is
generally indicated by R/W.
PE7/NOACC PE7 General-purpose I/O pin, see PORTE and DDRE registers.
NOACC CPU No Access output. Indicates whether the current cycle is a free cycle. Only
available in expanded modes.
PEG6/IPIPE1/ MODB At the rising edge of RESET, the state of this pin is registered into the MODB
MODB/CLKTO bit to set the mode.
PE6 General-purpose /O pin, see PORTE and DDRE registers.
IPIPE1 Instruction pipe status bit 1, enabled by PIPOE bit in PEAR.
CLKTO System clock test output. Only available in special modes. PIPOE = 1 overrides
this function. The enable for this function is in the clock module.
PES5/IPIPEO/MODA MODA At the rising edge on RESET, the state of this pin is registered into the MODA
bit to set the mode.
PE5 General-purpose /O pin, see PORTE and DDRE registers.
IPIPEO Instruction pipe status bit 0, enabled by PIPOE bit in PEAR.
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Table 4-1. External System Pins Associated With MEBI (continued)

Pin Name Pin Functions Description
PE4/ECLK PE4 General-purpose /O pin, see PORTE and DDRE registers.

ECLK Bus timing reference clock, can operate as a free-running clock at the system
clock rate or to produce one low-high clock per visible access, with the high
period stretched for slow accesses. ECLK is controlled by the NECLK bit in
PEAR, the IVIS bit in MODE, and the ESTR bit in EBICTL.

PE3/LSTRB/ TAGLO | PE3 General-purpose /O pin, see PORTE and DDRE registers.

LSTRB Low strobe bar, 0 indicates valid data on D7-DO0.

SZ8 In special peripheral mode, this pin is an input indicating the size of the data
transfer (0 = 16-bit; 1 = 8-bit).

TAGLO In expanded wide mode or emulation narrow modes, when instruction tagging
is on and low strobe is enabled, a 0 at the falling edge of E tags the low half of
the instruction word being read into the instruction queue.

PE2/R/W PE2 General-purpose /O pin, see PORTE and DDRE registers.

R/W Read/write, indicates the direction of internal data transfers. This is an output
except in special peripheral mode where it is an input.

PE1/IRQ PE1 General-purpose input-only pin, can be read even if IRQ enabled.

IRQ Maskable interrupt request, can be level sensitive or edge sensitive.

PEO/XIRQ PEO General-purpose input-only pin.
XIRQ Non-maskable interrupt input.

PK7/ECS PK7 General-purpose /O pin, see PORTK and DDRK registers.
ECS Emulation chip select

PK6/XCS PK6 General-purpose /O pin, see PORTK and DDRK registers.
XCS External data chip select

PK5/X19 PK5-PKO General-purpose /O pins, see PORTK and DDRK registers.

thru

PKO/X14 X19-X14 Memory expansion addresses

Detailed descriptions of these pins can be found in the device overview chapter.

4.3 Memory Map and Register Definition

A summary of the registers associated with the MEBI sub-block is shown in Table 4-2. Detailed
descriptions of the registers and bits are given in the subsections that follow. On most chips the registers
are mappable. Therefore, the upper bits may not be all Os as shown in the table and descriptions.
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4.3.1 Module Memory Map
Table 4-2. MEBI Memory Map

Ag;jf;eests Use Access
0x0000 Port A Data Register (PORTA) R/W
0x0001 Port B Data Register (PORTB) R/W
0x0002 Data Direction Register A (DDRA) R/W
0x0003 Data Direction Register B (DDRB) R/W
0x0004 Reserved R
0x0005 Reserved R
0x0006 Reserved R
0x0007 Reserved R
0x0008 Port E Data Register (PORTE) R/W
0x0009 Data Direction Register E (DDRE) R/W
0x000A Port E Assignment Register (PEAR) R/W
0x000B Mode Register (MODE) R/W
0x000C Pull Control Register (PUCR) R/W
0x000D Reduced Drive Register (RDRIV) R/W
0x000E External Bus Interface Control Register (EBICTL) R/W
0x000F Reserved R
0x001E | IRQ Control Register (IRQCR) R/W
0x00032 |Port K Data Register (PORTK) R/W
0x00033 |Data Direction Register K (DDRK) R/W

4.3.2 Register Descriptions

4.3.2.1 Port A Data Register (PORTA)

Module Base + 0x0000
Starting address location affected by INITRG register setting.

7 6 5 4 3 2 1 0
R
Bit 7 6 5 4 3 2 1 Bit 0
W
Reset 0 0 0 0 0 0 0 0
Single Chip PA7 PAG6 PAS5 PA4 PA3 PA2 PA1 PAO

Expanded Wide,
Emulation Narrow with AB/DB15 AB/DB14 AB/DB13 AB/DB12 | AB/DB11 AB/DB10  AB/DB9 AB/DB8
IVIS, and Peripheral

Expanded Narrow AB15and AB14and AB13and AB12and | AB11and AB10and AB9and ABS8and
DB15/DB7 DB14/DB6 DB13/DB5 DB12/DB4 | DB11/DB3 DB10/DB2 DB9/DB1  DB8/DBO

Figure 4-2. Port A Data Register (PORTA)
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Read: Anytime when register is in the map
Write: Anytime when register is in the map

Port A bits 7 through 0 are associated with address lines A15 through A8 respectively and data lines
D15/D7 through D8/DO0 respectively. When this port is not used for external addresses such as in single-
chip mode, these pins can be used as general-purpose I/O. Data direction register A (DDRA) determines
the primary direction of each pin. DDRA also determines the source of data for a read of PORTA.

This register is not in the on-chip memory map in expanded and special peripheral modes. Therefore, these
accesses will be echoed externally.

NOTE

To ensure that you read the value present on the PORTA pins, always wait
at least one cycle after writing to the DDRA register before reading from the
PORTA register.

4.3.2.2 Port B Data Register (PORTB)

Module Base + 0x0001
Starting address location affected by INITRG register setting.

7 6 5 4 3 2 1 0
R
Bit 7 6 5 4 3 2 1 Bit 0
W
Reset 0 0 0 0 0 0 0 0
Single Chip PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO

Expanded Wide,
Emulation Narrow with  AB/DB7 AB/DB6 AB/DB5 AB/DB4 AB/DB3 AB/DB2 AB/DB1 AB/DBO
IVIS, and Peripheral

Expanded Narrow AB7 AB6 AB5 AB4 AB3 AB2 AB1 ABO
Figure 4-3. Port A Data Register (PORTB)

Read: Anytime when register is in the map
Write: Anytime when register is in the map

Port B bits 7 through 0 are associated with address lines A7 through AO respectively and data lines D7
through DO respectively. When this port is not used for external addresses, such as in single-chip mode,
these pins can be used as general-purpose 1/0. Data direction register B (DDRB) determines the primary
direction of each pin. DDRB also determines the source of data for a read of PORTB.

This register is not in the on-chip memory map in expanded and special peripheral modes. Therefore, these
accesses will be echoed externally.

NOTE

To ensure that you read the value present on the PORTB pins, always wait
at least one cycle after writing to the DDRB register before reading from the
PORTB register.
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4.3.2.3 Data Direction Register A (DDRA)

Module Base + 0x0002
Starting address location affected by INITRG register setting.

7 6 5 4 3 2 1 0
R
Bit 7 6 5 4 3 2 1 Bit 0
W
Reset 0 0 0 0 0 0 0 0

Figure 4-4. Data Direction Register A (DDRA)
Read: Anytime when register is in the map

Write: Anytime when register is in the map

This register controls the data direction for port A. When port A is operating as a general-purpose I/O port,
DDRA determines the primary direction for each port A pin. A 1 causes the associated port pin to be an
output and a 0 causes the associated pin to be a high-impedance input. The value in a DDR bit also affects
the source of data for reads of the corresponding PORTA register. If the DDR bit is 0 (input) the buffered
pin input state is read. If the DDR bit is 1 (output) the associated port data register bit state is read.

This register is not in the on-chip memory map in expanded and special peripheral modes. Therefore, these
accesses will be echoed externally. It is reset to 0x00 so the DDR does not override the three-state control

signals.
Table 4-3. DDRA Field Descriptions
Field Description
7:0 Data Direction Port A

DDRA 0 Configure the corresponding I/O pin as an input
1 Configure the corresponding I/O pin as an output
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4.3.2.4 Data Direction Register B (DDRB)

Module Base + 0x0003
Starting address location affected by INITRG register setting.

7 6 5 4 3 2 1 0
R
Bit 7 6 5 4 3 2 1 Bit 0
W
Reset 0 0 0 0 0 0 0 0

Figure 4-5. Data Direction Register B (DDRB)
Read: Anytime when register is in the map
Write: Anytime when register is in the map

This register controls the data direction for port B. When port B is operating as a general-purpose I/O port,
DDRB determines the primary direction for each port B pin. A 1 causes the associated port pin to be an
output and a 0 causes the associated pin to be a high-impedance input. The value in a DDR bit also affects
the source of data for reads of the corresponding PORTB register. If the DDR bit is 0 (input) the buffered
pin input state is read. If the DDR bit is 1 (output) the associated port data register bit state is read.

This register is not in the on-chip memory map in expanded and special peripheral modes. Therefore, these
accesses will be echoed externally. It is reset to 0x00 so the DDR does not override the three-state control
signals.

Table 4-4. DDRB Field Descriptions

Field Description

7:0 Data Direction Port B
DDRB 0 Configure the corresponding I/O pin as an input
1 Configure the corresponding I/O pin as an output
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4.3.2.5 Reserved Registers

Module Base + 0x0004
Starting address location affected by INITRG register setting.

5 4 3 1
R 0 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 4-6. Reserved Register
Module Base + 0x0005
Starting address location affected by INITRG register setting.
3 1
R 0 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 4-7. Reserved Register
Module Base + 0x0006
Starting address location affected by INITRG register setting.
3 1
R 0 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0
= Unimplemented or Reserved
Figure 4-8. Reserved Register
Module Base + 0x0007
Starting address location affected by INITRG register setting.
3 1
R 0 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 4-9. Reserved Register

138 MC9S12C-Family / MC9S12GC-Family
Rev 01.24

Freescale Semiconductor



Chapter 4 Multiplexed External Bus Interface (MEBIV3)

These register locations are not used (reserved). All unused registers and bits in this block return logic Os
when read. Writes to these registers have no effect.

These registers are not in the on-chip map in special peripheral mode.

4.3.2.6 Port E Data Register (PORTE)

Module Base + 0x0008
Starting address location affected by INITRG register setting.

7 6 5 4 3 2 1 0
R Bit 1 Bit 0
Bit 7 6 5 4 3 2
W
Reset 0 0 0 0 0 0 u u
Alternate MODB e
Pin Function =~ NOACC or IPIPE1 MODA ECLK LSTRB R/W IRQ XIRQ
or IPIPEO or TAGLO
or CLKTO
= Unimplemented or Reserved u = Unaffected by reset

Figure 4-10. Port E Data Register (PORTE)
Read: Anytime when register is in the map

Write: Anytime when register is in the map

Port E is associated with external bus control signals and interrupt inputs. These include mode select
(MODB/IPIPE1, MODA/IPIPEO), E clock, size (LSTRB/TAGLO), read/write (R/W), IRQ, and XIRQ.
When not used for one of these specific functions, port E pins 7:2 can be used as general-purpose I/O and
pins 1:0 can be used as general-purpose input. The port E assignment register (PEAR) selects the function
of each pin and DDRE determines whether each pin is an input or output when it is configured to be
general-purpose I/0. DDRE also determines the source of data for a read of PORTE.

Some of these pins have software selectable pull resistors. IRQ and XIRQ can only be pulled up whereas
the polarity of the PE7, PE4, PE3, and PE2 pull resistors are determined by chip integration. Please refer
to the device overview chapter (Signal Property Summary) to determine the polarity of these resistors.
A single control bit enables the pull devices for all of these pins when they are configured as inputs.

This register is not in the on-chip map in special peripheral mode or in expanded modes when the EME
bit is set. Therefore, these accesses will be echoed externally.

NOTE

It is unwise to write PORTE and DDRE as a word access. If you are
changing port E pins from being inputs to outputs, the data may have extra
transitions during the write. It is best to initialize PORTE before enabling as
outputs.
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NOTE

To ensure that you read the value present on the PORTE pins, always wait
at least one cycle after writing to the DDRE register before reading from the
PORTE register.

4.3.2.7 Data Direction Register E (DDRE)

Module Base + 0x0009
Starting address location affected by INITRG register setting.
7 6 5 4 3 2 1
R 0 0
Bit 7 6 5 4 3 Bit 2
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 4-11. Data Direction Register E (DDRE)
Read: Anytime when register is in the map
Write: Anytime when register is in the map

Data direction register E is associated with port E. For bits in port E that are configured as general-purpose
I/O lines, DDRE determines the primary direction of each of these pins. A 1 causes the associated bit to
be an output and a 0 causes the associated bit to be an input. Port E bit 1 (associated with IRQ) and bit 0
(associated with XIRQ) cannot be configured as outputs. Port E, bits 1 and 0, can be read regardless of
whether the alternate interrupt function is enabled. The value in a DDR bit also affects the source of data
for reads of the corresponding PORTE register. If the DDR bit is 0 (input) the buffered pin input state is
read. If the DDR bit is 1 (output) the associated port data register bit state is read.

This register is not in the on-chip memory map in expanded and special peripheral modes. Therefore, these
accesses will be echoed externally. Also, it is not in the map in expanded modes while the EME control bit
is set.

Table 4-5. DDRE Field Descriptions

Field Description

7:2 Data Direction Port E
DDRE 0 Configure the corresponding I/O pin as an input
1 Configure the corresponding I/O pin as an output
Note: It is unwise to write PORTE and DDRE as a word access. If you are changing port E pins from inputs to
outputs, the data may have extra transitions during the write. It is best to initialize PORTE before enabling
as outputs.
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4.3.2.8 Port E Assignment Register (PEAR)

Module Base + 0x000A
Starting address location affected by INITRG register setting.

7 6 5 4 3 2 1
R 0 0 0
NOACCE PIPOE NECLK LSTRE RDWE
w
Reset
Special Single Chip 0 0 0 0 0 0 0 0
Special Test 0 0 1 0 1 1 0 0
Peripheral 0 0 0 0 0 0 0 0
Emulation Expanded 1 0 1 0 1 1 0 0
Narrow
Emulation Expanded
Wide 1 0 1 0 1 1 0 0
Normal Single Chip 0 0 0 1 0 0 0 0
Normal Expanded 0 0 0 0 0 0 0 0
Narrow
Normal Expanded Wide 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 4-12. Port E Assignment Register (PEAR)

Read: Anytime (provided this register is in the map).

Write: Each bit has specific write conditions. Please refer to the descriptions of each bit on the following
pages.

Port E serves as general-purpose I/O or as system and bus control signals. The PEAR register is used to
choose between the general-purpose I/O function and the alternate control functions. When an alternate
control function is selected, the associated DDRE bits are overridden.

The reset condition of this register depends on the mode of operation because bus control signals are
needed immediately after reset in some modes. In normal single-chip mode, no external bus control signals
are needed so all of port E is configured for general-purpose 1/0. In normal expanded modes, only the E
clock is configured for its alternate bus control function and the other bits of port E are configured for
general-purpose [/O. As the reset vector is located in external memory, the E clock is required for this
access. R/W is only needed by the system when there are external writable resources. If the normal
expanded system needs any other bus control signals, PEAR would need to be written before any access
that needed the additional signals. In special test and emulation modes, IPIPE1, IPIPEO, E, LSTRB, and
R/W are configured out of reset as bus control signals.

This register is not in the on-chip memory map in expanded and special peripheral modes. Therefore, these
accesses will be echoed externally.
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Table 4-6. PEAR Field Descriptions

Field

Description

7
NOACCE

CPU No Access Output Enable

Normal: write once

Emulation: write never

Special: write anytime

1 The associated pin (port E, bit 7) is general-purpose /0.

0 The associated pin (port E, bit 7) is output and indicates whether the cycle is a CPU free cycle.
This bit has no effect in single-chip or special peripheral modes.

PIPOE

Pipe Status Signal Output Enable

Normal: write once

Emulation: write never

Special: write anytime.

0 The associated pins (port E, bits 6:5) are general-purpose I/O.

1 The associated pins (port E, bits 6:5) are outputs and indicate the state of the instruction queue
This bit has no effect in single-chip or special peripheral modes.

NECLK

No External E Clock

Normal and special: write anytime

Emulation: write never

0 The associated pin (port E, bit 4) is the external E clock pin. External E clock is free-running if ESTR =0
1 The associated pin (port E, bit 4) is a general-purpose I/O pin.

External E clock is available as an output in all modes.

LSTRE

Low Strobe (LSTRB) Enable

Normal: write once

Emulation: write never

Special: write anytime.

0 The associated pin (port E, bit 3) is a general-purpose 1/O pin.

1 The associated pin (port E, bit 3) is configured as the LSTRB bus control output. If BDM tagging is enabled,

TAGLO is multiplexed in on the rising edge of ECLK and LSTRB is driven out on the falling edge of ECLK.

This bit has no effect in single-chip, peripheral, or normal expanded narrow modes.

Note: LSTRB is used during external writes. After reset in normal expanded mode, LSTRB is disabled to provide
an extra I/O pin. If LSTRB is needed, it should be enabled before any external writes. External reads do
not normally need LSTRB because all 16 data bits can be driven even if the system only needs 8 bits of
data.

RDWE

Read/Write Enable

Normal: write once

Emulation: write never

Special: write anytime

0 The associated pin (port E, bit 2) is a general-purpose 1/O pin.

1 The associated pin (port E, bit 2) is configured as the R/W pin

This bit has no effect in single-chip or special peripheral modes.

Note: R/W is used for external writes. After reset in normal expanded mode, R/W is disabled to provide an extra
I/O pin. If R/W is needed it should be enabled before any external writes.
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4.3.2.9 Mode Register (MODE)

Module Base + 0x000B
Starting address location affected by INITRG register setting.

7 6 5 4 3 2 1 0
R 0 0
MODC MODB MODA IVIS EMK EME

w
Reset

Special Single Chip 0 0 0 0 0 0 0 0

Emulation Expanded 0 0 1 0 1 0 1 1
Narrow

Special Test 0 1 0 0 1 0 0 0
Emulation Expanded

Wide 0 1 1 0 1 0 1 1

Normal Single Chip 1 0 0 0 0 0 0 0

Normal Expanded 1 0 1 0 0 0 0 0
Narrow

Peripheral 1 1 0 0 0 0 0 0

Normal Expanded Wide 1 1 1 0 0 0 0 0

= Unimplemented or Reserved

Figure 4-13. Mode Register (MODE)

Read: Anytime (provided this register is in the map).
Write: Each bit has specific write conditions. Please refer to the descriptions of each bit on the following
pages.

The MODE register is used to establish the operating mode and other miscellaneous functions (i.e.,
internal visibility and emulation of port E and K).

In special peripheral mode, this register is not accessible but it is reset as shown to system configuration
features. Changes to bits in the MODE register are delayed one cycle after the write.

This register is not in the on-chip memory map in expanded and special peripheral modes. Therefore, these
accesses will be echoed externally.
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Table 4-7. MODE Field Descriptions

Field

Description

7:5
MODI|C:A]

Mode Select Bits — These bits indicate the current operating mode.

If MODA = 1, then MODC, MODB, and MODA are write never.

If MODC = MODA = 0, then MODC, MODB, and MODA are writable with the exception that you cannot change
to or from special peripheral mode

If MODC =1, MODB = 0, and MODA = 0, then MODC is write never. MODB and MODA are write once, except
that you cannot change to special peripheral mode. From normal single-chip, only normal expanded narrow and
normal expanded wide modes are available.

See Table 4-8 and Table 4-16.

VIS

Internal Visibility (for both read and write accesses) — This bit determines whether internal accesses
generate a bus cycle that is visible on the external bus.

Normal: write once

Emulation: write never

Special: write anytime

0 No visibility of internal bus operations on external bus.

1 Internal bus operations are visible on external bus.

EMK

Emulate Port K

Normal: write once

Emulation: write never

Special: write anytime

0 PORTK and DDRK are in the memory map so port K can be used for general-purpose 1/O.

1 Ifin any expanded mode, PORTK and DDRK are removed from the memory map.

In single-chip modes, PORTK and DDRK are always in the map regardless of the state of this bit.

In special peripheral mode, PORTK and DDRK are never in the map regardless of the state of this bit.

EME

Emulate Port E

Normal and Emulation: write never

Special: write anytime

0 PORTE and DDRE are in the memory map so port E can be used for general-purpose /0.

1 Ifin any expanded mode or special peripheral mode, PORTE and DDRE are removed from the memory map.
Removing the registers from the map allows the user to emulate the function of these registers externally.

In single-chip modes, PORTE and DDRE are always in the map regardless of the state of this bit.
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MODC MODB MODA Mode MODXx Write Capability

0 0 0 Special single chip MODC, MODB, and MODA
write anytime but not to 110

0 0 1 Emulation narrow No write

0 1 0 Special test MODC, MODB, and MODA
write anytime but not to 110

0 1 1 Emulation wide No write

1 0 0 Normal single chip MODC write never,
MODB and MODA write once

but not to 110

1 0 1 Normal expanded narrow No write

1 1 0 Special peripheral No write

1 1 1 Normal expanded wide No write

I. No writes to the

view chapter.
2. If you are in a special single-chip or special test mode and you write to this register, changing to normal single-chip
mode, then one allowed write to this register remains. If you write to normal expanded or emulation mode, then no
writes remain.

4.3.2.10 Pull Control Register (PUCR)

Module Base + 0x000C
Starting address location affected by INITRG register setting.

7

6

5

MOD bits are allowed while operating 1n a secure mode. For more details, refer to the device over-

R 0 0 0
PUPKE PUPEE PUPBE PUPAE
W
Reset! 1 0 0 1 0 0 0 0
NOTES:

1. The default value of this parameter is shown. Please refer to the device overview chapter to deter-
mine the actual reset state of this register.

= Unimplemented or Reserved

Figure 4-14. Pull Control Register (PUCR)

Read: Anytime (provided this register is in the map).

Write: Anytime (provided this register is in the map).

This register is used to select pull resistors for the pins associated with the core ports. Pull resistors are
assigned on a per-port basis and apply to any pin in the corresponding port that is currently configured as
an input. The polarity of these pull resistors is determined by chip integration. Please refer to the device
overview chapter to determine the polarity of these resistors.
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This register is not in the on-chip memory map in expanded and special peripheral modes. Therefore, these
accesses will be echoed externally.

NOTE

These bits have no effect when the associated pin(s) are outputs. (The pull
resistors are inactive.)

Table 4-9. PUCR Field Descriptions

Field Description

7 Pull resistors Port K Enable
PUPKE |0 Port K pull resistors are disabled.
1 Enable pull resistors for port K input pins.

4 Pull resistors Port E Enable
PUPEE 0 Port E pull resistors on bits 7, 4:0 are disabled.
1 Enable pull resistors for port E input pins bits 7, 4:0.
Note: Pins 5 and 6 of port E have pull resistors which are only enabled during reset. This bit has no effect on
these pins.

1 Pull resistors Port B Enable
PUPBE 0 Port B pull resistors are disabled.
1 Enable pull resistors for all port B input pins.

0 Pull resistors Port A Enable
PUPAE 0 Port A pull resistors are disabled.
1 Enable pull resistors for all port A input pins.

4.3.2.11 Reduced Drive Register (RDRIV)

Module Base + 0x000D
Starting address location affected by INITRG register setting.

7 6 5 4 3 2 1 0
R 0 0 0 0
RDRK RDPE RDPB RDPA
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 4-15. Reduced Drive Register (RDRIV)
Read: Anytime (provided this register is in the map)

Write: Anytime (provided this register is in the map)

This register is used to select reduced drive for the pins associated with the core ports. This gives reduced
power consumption and reduced RFI with a slight increase in transition time (depending on loading). This
feature would be used on ports which have a light loading. The reduced drive function is independent of
which function is being used on a particular port.

This register is not in the on-chip memory map in expanded and special peripheral modes. Therefore, these
accesses will be echoed externally.
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Table 4-10. RDRIV Field Descriptions

Field Description

7 Reduced Drive of Port K
RDRK 0 All port K output pins have full drive enabled.
1 All port K output pins have reduced drive enabled.

4 Reduced Drive of Port E
RDPE 0 All port E output pins have full drive enabled.
1 All port E output pins have reduced drive enabled.

1 Reduced Drive of Port B
RDPB 0 All port B output pins have full drive enabled.
1 All port B output pins have reduced drive enabled.

0 Reduced Drive of Ports A
RDPA 0 All port A output pins have full drive enabled.
1 All port A output pins have reduced drive enabled.

4.3.2.12 External Bus Interface Control Register (EBICTL)

Module Base + 0x000E
Starting address location affected by INITRG register setting.

5 1 0
R 0 0 0 0 0 0 0
ESTR
w
Reset:
Peripheral 0 0 0 0 0 0 0 0
All other modes 0 0 0 0 0 0 0 1

= Unimplemented or Reserved

Figure 4-16. External Bus Interface Control Register (EBICTL)
Read: Anytime (provided this register is in the map)
Write: Refer to individual bit descriptions below
The EBICTL register is used to control miscellaneous functions (i.e., stretching of external E clock).

This register is not in the on-chip memory map in expanded and special peripheral modes. Therefore, these
accesses will be echoed externally.

Table 4-11. EBICTL Field Descriptions

Field Description

0 E Clock Stretches — This control bit determines whether the E clock behaves as a simple free-running clock or
ESTR as a bus control signal that is active only for external bus cycles.
Normal and Emulation: write once
Special: write anytime
0 E never stretches (always free running).
1 E stretches high during stretched external accesses and remains low during non-visible internal accesses.
This bit has no effect in single-chip modes.
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4.3.2.13 Reserved Register

Module Base + 0x000F
Starting address location affected by INITRG register setting.

5 4 3 2 1
R 0 0 0 0 0 0 0 0
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 4-17. Reserved Register

This register location is not used (reserved). All bits in this register return logic Os when read. Writes to
this register have no effect.

This register is not in the on-chip memory map in expanded and special peripheral modes. Therefore, these
accesses will be echoed externally.

4.3.2.14 IRQ Control Register (IRQCR)

Module Base + 0x001E
Starting address location affected by INITRG register setting.

7 6 5 4 3 2 1
R 0 0 0 0 0 0
IRQE IRQEN
W
Reset 0 1 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 4-18. IRQ Control Register (IRQCR)
Read: See individual bit descriptions below

Write: See individual bit descriptions below
Table 4-12. IRQCR Field Descriptions

Field Description
7 IRQ Select Edge Sensitive Only
IRQE Special modes: read or write anytime

Normal and Emulation modes: read anytime, write once

0 IRQ configured for low level recognition.

1 IRQ configured to respond only to falling edges. Falling edges on the IRQ pin will be detected anytime
IRQE = 1 and will be cleared only upon a reset or the servicing of the IRQ interrupt.

6 External IRQ Enable
IRQEN Normal, emulation, and special modes: read or write anytime
0 External IRQ pin is disconnected from interrupt logic.
1 External IRQ pin is connected to interrupt logic.
Note: When IRQEN = 0, the edge detect latch is disabled.
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4.3.2.15 Port K Data Register (PORTK)

Module Base + 0x0032
Starting address location affected by INITRG register setting.

7 6 5 4 3 2 1 0
R
Bit 7 6 5 4 3 2 1 Bit 0
w
Reset 0 0 0 0 0 0 0 0
_Alternate £+ XCS XAB19 XAB18 XAB17 XAB16 XAB15 XAB14
Pin Function

Figure 4-19. Port K Data Register (PORTK)
Read: Anytime
Write: Anytime

This port is associated with the internal memory expansion emulation pins. When the port is not enabled
to emulate the internal memory expansion, the port pins are used as general-purpose I/O. When port K is
operating as a general-purpose I/O port, DDRK determines the primary direction for each port K pin. A 1
causes the associated port pin to be an output and a 0 causes the associated pin to be a high-impedance
input. The value in a DDR bit also affects the source of data for reads of the corresponding PORTK register.
If the DDR bit is 0 (input) the buffered pin input is read. If the DDR bit is 1 (output) the output of the port
data register is read.

This register is not in the map in peripheral or expanded modes while the EMK control bit in MODE
register is set. Therefore, these accesses will be echoed externally.

When inputs, these pins can be selected to be high impedance or pulled up, based upon the state of the
PUPKE bit in the PUCR register.

Table 4-13. PORTK Field Descriptions

Field

Description

7
Port K, Bit 7

Port K, Bit 7 — This bit is used as an emulation chip select signal for the emulation of the internal memory
expansion, or as general-purpose |/O, depending upon the state of the EMK bit in the MODE register. While
this bit is used as a chip select, the external bit will return to its de-asserted state (Vpp) for approximately 1/4
cycle just after the negative edge of ECLK, unless the external access is stretched and ECLK is free-running
(ESTR bit in EBICTL = 0). See the MMC block description chapter for additional details on when this signal
will be active.

6
Port K, Bit 6

Port K, Bit 6 — This bit is used as an external chip select signal for most external accesses that are not
selected by ECS (see the MMC block description chapter for more details), depending upon the state the of
the EMK bit in the MODE register. While this bit is used as a chip select, the external pin will return to its de-
asserted state (Vpp) for approximately 1/4 cycle just after the negative edge of ECLK, unless the external
access is stretched and ECLK is free-running (ESTR bit in EBICTL = 0).

5.0

Port K, Bits 5:0

Port K, Bits 5:0 — These six bits are used to determine which FLASH/ROM or external memory array page
is being accessed. They can be viewed as expanded addresses XAB19-XAB14 of the 20-bit address used to
access up to1M byte internal FLASH/ROM or external memory array. Alternatively, these bits can be used for
general-purpose 1/O depending upon the state of the EMK bit in the MODE register.
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4.3.2.16 Port K Data Direction Register (DDRK)

Module Base + 0x0033
Starting address location affected by INITRG register setting.

7 6 5 4 3 2 1 0
R
Bit 7 6 5 4 3 2 1 Bit 0
w
Reset 0 0 0 0 0 0 0 0

Figure 4-20. Port K Data Direction Register (DDRK)
Read: Anytime
Write: Anytime

This register determines the primary direction for each port K pin configured as general-purpose I/O. This
register is not in the map in peripheral or expanded modes while the EMK control bit in MODE register is
set. Therefore, these accesses will be echoed externally.

Table 4-14. EBICTL Field Descriptions

Field Description
7:0 Data Direction Port K Bits
DDRK 0 Associated pin is a high-impedance input
1 Associated pin is an output
Note: It is unwise to write PORTK and DDRK as a word access. If you are changing port K pins from inputs to
outputs, the data may have extra transitions during the write. It is best to initialize PORTK before enabling
as outputs.
Note: To ensure that you read the correct value from the PORTK pins, always wait at least one cycle after writing
to the DDRK register before reading from the PORTK register.
4.4 Functional Description

4.4.1

The external signals LSTRB, R/W, and ABO indicate the type of bus access that is taking place. Accesses
to the internal RAM module are the only type of access that would produce LSTRB = ABO = 1, because
the internal RAM is specifically designed to allow misaligned 16-bit accesses in a single cycle. In these
cases the data for the address that was accessed is on the low half of the data bus and the data for
address + 1 is on the high half of the data bus. This is summarized in Table 4-15.

Detecting Access Type from External Signals

Table 4-15. Access Type vs. Bus Control Pins

LSTRB ABO R/W Type of Access
1 0 1 8-bit read of an even address
0 1 1 8-bit read of an odd address
1 0 0 8-bit write of an even address
0 1 0 8-bit write of an odd address
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Table 4-15. Access Type vs. Bus Control Pins

LSTRB

ABO

R/W Type of Access

0

1 16-bit read of an even address

1

1 16-bit read of an odd address

(low/high data swapped)

16-bit write to an even address

16-bit write to an odd address
(low/high data swapped)

4.4.2

In order to allow fast internal bus cycles to coexist in a system with slower external memory resources, the
HCS12 supports the concept of stretched bus cycles (module timing reference clocks for timers and baud
rate generators are not affected by this stretching). Control bits in the MISC register in the MMC sub-block
of the core specify the amount of stretch (0, 1, 2, or 3 periods of the internal bus-rate clock). While
stretching, the CPU state machines are all held in their current state. At this point in the CPU bus cycle,
write data would already be driven onto the data bus so the length of time write data is valid is extended
in the case of a stretched bus cycle. Read data would not be captured by the system until the E clock falling
edge. In the case of a stretched bus cycle, read data is not required until the specified setup time before the
falling edge of the stretched E clock. The chip selects, and R/W signals remain valid during the period of
stretching (throughout the stretched E high time).

NOTE
The address portion of the bus cycle is not stretched.

Stretched Bus Cycles

4.4.3

The operating mode out of reset is determined by the states of the MODC, MODB, and MODA pins during
reset (Table 4-16). The MODC, MODB, and MODA bits in the MODE register show the current operating
mode and provide limited mode switching during operation. The states of the MODC, MODB, and MODA
pins are latched into these bits on the rising edge of the reset signal.

Modes of Operation

Table 4-16. Mode Selection

MODC MODB MODA Mode Description

0 0 0 Special Single Chip, BDM allowed and ACTIVE. BDM is allowed in all
other modes but a serial command is required to make BDM active.

0 0 1 Emulation Expanded Narrow, BDM allowed

0 1 0 Special Test (Expanded Wide), BDM allowed

0 1 1 Emulation Expanded Wide, BDM allowed

1 0 0 Normal Single Chip, BDM allowed

1 0 1 Normal Expanded Narrow, BDM allowed

1 1 0 Peripheral; BDM allowed but bus operations would cause bus conflicts
(must not be used)

1 1 1 Normal Expanded Wide, BDM allowed
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There are two basic types of operating modes:
1. Normal modes: Some registers and bits are protected against accidental changes.

2. Special modes: Allow greater access to protected control registers and bits for special purposes
such as testing.

A system development and debug feature, background debug mode (BDM), is available in all modes. In
special single-chip mode, BDM is active immediately after reset.

Some aspects of Port E are not mode dependent. Bit 1 of Port E is a general purpose input or the IRQ
interrupt input. IRQ can be enabled by bits in the CPU’s condition codes register but it is inhibited at reset
so this pin is initially configured as a simple input with a pull-up. Bit 0 of Port E is a general purpose input
or the XIRQ interrupt input. XIRQ can be enabled by bits in the CPU’s condition codes register but it is
inhibited at reset so this pin is initially configured as a simple input with a pull-up. The ESTR bit in the
EBICTL register is set to one by reset in any user mode. This assures that the reset vector can be fetched
even if it is located in an external slow memory device. The PE6/MODB/IPIPE1 and PES/MODA/IPIPEO
pins act as high-impedance mode select inputs during reset.

The following paragraphs discuss the default bus setup and describe which aspects of the bus can be
changed after reset on a per mode basis.

4.4.3.1 Normal Operating Modes

These modes provide three operating configurations. Background debug is available in all three modes, but
must first be enabled for some operations by means of a BDM background command, then activated.

44311 Normal Single-Chip Mode

There is no external expansion bus in this mode. All pins of Ports A, B and E are configured as general
purpose I/O pins Port E bits 1 and 0 are available as general purpose input only pins with internal pull
resistors enabled. All other pins of Port E are bidirectional I/O pins that are initially configured as high-
impedance inputs with internal pull resistors enabled. Ports A and B are configured as high-impedance
inputs with their internal pull resistors disabled.

The pins associated with Port E bits 6, 5, 3, and 2 cannot be configured for their alternate functions IPIPE1,
IPIPEO, LSTRB, and R/W while the MCU is in single chip modes. In single chip modes, the associated
control bits PIPOE, LSTRE, and RDWE are reset to zero. Writing the opposite state into them in single
chip mode does not change the operation of the associated Port E pins.

In normal single chip mode, the MODE register is writable one time. This allows a user program to change
the bus mode to narrow or wide expanded mode and/or turn on visibility of internal accesses.

Port E, bit 4 can be configured for a free-running E clock output by clearing NECLK=0. Typically the only
use for an E clock output while the MCU is in single chip modes would be to get a constant speed clock
for use in the external application system.
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44.3.1.2 Normal Expanded Wide Mode

In expanded wide modes, Ports A and B are configured as a 16-bit multiplexed address and data bus and
Port E bit 4 is configured as the E clock output signal. These signals allow external memory and peripheral
devices to be interfaced to the MCU.

Port E pins other than PE4/ECLK are configured as general purpose I/O pins (initially high-impedance
inputs with internal pull resistors enabled). Control bits PIPOE, NECLK, LSTRE, and RDWE in the
PEAR register can be used to configure Port E pins to act as bus control outputs instead of general purpose
I/O pins.

It is possible to enable the pipe status signals on Port E bits 6 and 5 by setting the PIPOE bit in PEAR, but
it would be unusual to do so in this mode. Development systems where pipe status signals are monitored
would typically use the special variation of this mode.

The Port E bit 2 pin can be reconfigured as the R/W bus control signal by writing “1”” to the RDWE bit in
PEAR. If the expanded system includes external devices that can be written, such as RAM, the RDWE bit
would need to be set before any attempt to write to an external location. If there are no writable resources
in the external system, PE2 can be left as a general purpose /O pin.

The Port E bit 3 pin can be reconfigured as the LSTRB bus control signal by writing “1” to the LSTRE bit
in PEAR. The default condition of this pin is a general purpose input because the LSTRB function is not
needed in all expanded wide applications.

The Port E bit 4 pin is initially configured as ECLK output with stretch. The E clock output function
depends upon the settings of the NECLK bit in the PEAR register, the IVIS bit in the MODE register and
the ESTR bit in the EBICTL register. The E clock is available for use in external select decode logic or as
a constant speed clock for use in the external application system.

44313 Normal Expanded Narrow Mode

This mode is used for lower cost production systems that use 8-bit wide external EPROMs or RAMs. Such
systems take extra bus cycles to access 16-bit locations but this may be preferred over the extra cost of
additional external memory devices.

Ports A and B are configured as a 16-bit address bus and Port A is multiplexed with data. Internal visibility
is not available in this mode because the internal cycles would need to be split into two 8-bit cycles.

Since the PEAR register can only be written one time in this mode, use care to set all bits to the desired
states during the single allowed write.

The PE3/LSTRB pin is always a general purpose I/O pin in normal expanded narrow mode. Although it is
possible to write the LSTRE bit in PEAR to “1” in this mode, the state of LSTRE is overridden and Port
E bit 3 cannot be reconfigured as the LSTRB output.

It is possible to enable the pipe status signals on Port E bits 6 and 5 by setting the PIPOE bit in PEAR, but
it would be unusual to do so in this mode. LSTRB would also be needed to fully understand system
activity. Development systems where pipe status signals are monitored would typically use special
expanded wide mode or occasionally special expanded narrow mode.
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The PE4/ECLK pin is initially configured as ECLK output with stretch. The E clock output function
depends upon the settings of the NECLK bit in the PEAR register, the [VIS bit in the MODE register and
the ESTR bit in the EBICTL register. In normal expanded narrow mode, the E clock is available for use in
external select decode logic or as a constant speed clock for use in the external application system.

The PE2/R/W pin is initially configured as a general purpose input with an internal pull resistor enabled
but this pin can be reconfigured as the R/W bus control signal by writing “1” to the RDWE bit in PEAR.
If the expanded narrow system includes external devices that can be written such as RAM, the RDWE bit
would need to be set before any attempt to write to an external location. If there are no writable resources
in the external system, PE2 can be left as a general purpose /O pin.

44.31.4 Emulation Expanded Wide Mode

In expanded wide modes, Ports A and B are configured as a 16-bit multiplexed address and data bus and
Port E provides bus control and status signals. These signals allow external memory and peripheral devices
to be interfaced to the MCU. These signals can also be used by a logic analyzer to monitor the progress of
application programs.

The bus control related pins in Port E (PE7/NOACC, PE6/MODB/IPIPE1, PES/MODA/IPIPEO,
PE4/ECLK, PE3/LSTRB/TAGLO, and PE2/R/W) are all configured to serve their bus control output
functions rather than general purpose I/O. Notice that writes to the bus control enable bits in the PEAR
register in emulation mode are restricted.

44315 Emulation Expanded Narrow Mode

Expanded narrow modes are intended to allow connection of single 8-bit external memory devices for
lower cost systems that do not need the performance of a full 16-bit external data bus. Accesses to internal
resources that have been mapped external (i.e. PORTA, PORTB, DDRA, DDRB, PORTE, DDRE, PEAR,
PUCR, RDRIV) will be accessed with a 16-bit data bus on Ports A and B. Accesses of 16-bit external
words to addresses which are normally mapped external will be broken into two separate 8-bit accesses
using Port A as an 8-bit data bus. Internal operations continue to use full 16-bit data paths. They are only
visible externally as 16-bit information if IVIS=1.

Ports A and B are configured as multiplexed address and data output ports. During external accesses,
address A15, data D15 and D7 are associated with PA7, address AO is associated with PB0O and data D8
and DO are associated with PAQ. During internal visible accesses and accesses to internal resources that
have been mapped external, address A15 and data D15 is associated with PA7 and address AO and data
DO is associated with PBO.

The bus control related pins in Port E (PE7/NOACC, PE6/MODB/IPIPE1, PES/MODA/IPIPEQ,
PE4/ECLK, PE3/LSTRB/TAGLO, and PE2/R/W) are all configured to serve their bus control output
functions rather than general purpose 1/0. Notice that writes to the bus control enable bits in the PEAR
register in emulation mode are restricted.

The main difference between special modes and normal modes is that some of the bus control and system
control signals cannot be written in emulation modes.
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4.43.2 Special Operating Modes

There are two special operating modes that correspond to normal operating modes. These operating modes
are commonly used in factory testing and system development.

44.3.21 Special Single-Chip Mode

When the MCU is reset in this mode, the background debug mode is enabled and active. The MCU does
not fetch the reset vector and execute application code as it would in other modes. Instead the active
background mode is in control of CPU execution and BDM firmware is waiting for additional serial
commands through the BKGD pin. When a serial command instructs the MCU to return to normal
execution, the system will be configured as described below unless the reset states of internal control
registers have been changed through background commands after the MCU was reset.

There is no external expansion bus after reset in this mode. Ports A and B are initially simple bidirectional
I/O pins that are configured as high-impedance inputs with internal pull resistors disabled; however,
writing to the mode select bits in the MODE register (which is allowed in special modes) can change this
after reset. All of the Port E pins (except PE4/ECLK) are initially configured as general purpose high-
impedance inputs with internal pull resistors enabled. PE4/ECLK is configured as the E clock output in
this mode.

The pins associated with Port E bits 6, 5, 3, and 2 cannot be configured for their alternate functions IPIPEI,
IPIPEO, LSTRB, and R/W while the MCU is in single chip modes. In single chip modes, the associated
control bits PIPOE, LSTRE and RDWE are reset to zero. Writing the opposite value into these bits in
single chip mode does not change the operation of the associated Port E pins.

Port E, bit 4 can be configured for a free-running E clock output by clearing NECLK=0. Typically the only
use for an E clock output while the MCU is in single chip modes would be to get a constant speed clock
for use in the external application system.

443.2.2 Special Test Mode

In expanded wide modes, Ports A and B are configured as a 16-bit multiplexed address and data bus and
Port E provides bus control and status signals. In special test mode, the write protection of many control
bits is lifted so that they can be thoroughly tested without needing to go through reset.

44.3.3 Test Operating Mode

There is a test operating mode in which an external master, such as an I.C. tester, can control the on-chip
peripherals.

4.4.3.3.1 Peripheral Mode

This mode is intended for factory testing of the MCU. In this mode, the CPU is inactive and an external
(tester) bus master drives address, data and bus control signals in through Ports A, B and E. In effect, the
whole MCU acts as if it was a peripheral under control of an external CPU. This allows faster testing of
on-chip memory and peripherals than previous testing methods. Since the mode control register is not
accessible in peripheral mode, the only way to change to another mode is to reset the MCU into a different
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mode. Background debugging should not be used while the MCU is in special peripheral mode as internal
bus conflicts between BDM and the external master can cause improper operation of both functions.

4.4.4 Internal Visibility

Internal visibility is available when the MCU is operating in expanded wide modes or emulation narrow
mode. It is not available in single-chip, peripheral or normal expanded narrow modes. Internal visibility is
enabled by setting the IVIS bit in the MODE register.

If an internal access is made while E, R/W, and LSTRB are configured as bus control outputs and internal
visibility is off (IVIS=0), E will remain low for the cycle, R/W will remain high, and address, data and the
LSTRB pins will remain at their previous state.

When internal visibility is enabled (IVIS=1), certain internal cycles will be blocked from going external.
During cycles when the BDM is selected, R/W will remain high, data will maintain its previous state, and
address and LSTRB pins will be updated with the internal value. During CPU no access cycles when the
BDM is not driving, R/W will remain high, and address, data and the LSTRB pins will remain at their
previous state.

NOTE

When the system is operating in a secure mode, internal visibility is not
available (i.e., IVIS = 1 has no effect). Also, the IPIPE signals will not be
visible, regardless of operating mode. IPIPE1-IPIPEO will display Oes if
they are enabled. In addition, the MOD bits in the MODE control register
cannot be written.

4.4.5 Low-Power Options

The MEBI does not contain any user-controlled options for reducing power consumption. The operation
of the MEBI in low-power modes is discussed in the following subsections.

4451 Operation in Run Mode

The MEBI does not contain any options for reducing power in run mode; however, the external addresses
are conditioned to reduce power in single-chip modes. Expanded bus modes will increase power
consumption.

445.2 Operation in Wait Mode

The MEBI does not contain any options for reducing power in wait mode.

445.3 Operation in Stop Mode

The MEBI will cease to function after execution of a CPU STOP instruction.
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Chapter 5

Interrupt (INTV1) Block Description

5.1 Introduction
This section describes the functionality of the interrupt (INT) sub-block of the S12 core platform.

A block diagram of the interrupt sub-block is shown in Figure 5-1.

INT

HPRIO (OPTIONAL)

WRITE DATABUS . | _
A
HIGHEST PRIORITY
HNTERRUPT
INTERRUPTS
INTERRUPT INPUT REGISTERS
XMASK AND CONTROL REGISTERS READDATABUS
IMASK
WAKEUP
> o) -
=
(@]
L
>
o
QUALIFIED <
INTERRUPTS T
INTERRUPT PENDING
RESET FLAGS PRIORITY DECODER
VECTOR REQUEST VEGTOR ADDRESS

Figure 5-1. INTV1 Block Diagram
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The interrupt sub-block decodes the priority of all system exception requests and provides the applicable
vector for processing the exception. The INT supports I-bit maskable and X-bit maskable interrupts, a non-
maskable unimplemented opcode trap, a non-maskable software interrupt (SWI) or background debug
mode request, and three system reset vector requests. All interrupt related exception requests are managed
by the interrupt sub-block (INT).

5.1.1

Features

The INT includes these features:

5.1.2

Provides two to 122 I-bit maskable interrupt vectors (OxFFO0—-0xFFF2)
Provides one X-bit maskable interrupt vector (OxFFF4)

Provides a non-maskable software interrupt (SWI) or background debug mode request vector
(OXFFF6)

Provides a non-maskable unimplemented opcode trap (TRAP) vector (OxFFFS)

Provides three system reset vectors (0xXFFFA—OxFFFE) (reset, CMR, and COP)
Determines the appropriate vector and drives it onto the address bus at the appropriate time
Signals the CPU that interrupts are pending

Provides control registers which allow testing of interrupts

Provides additional input signals which prevents requests for servicing I and X interrupts

Wakes the system from stop or wait mode when an appropriate interrupt occurs or whenever XIRQ
is active, even if XIRQ is masked

Provides asynchronous path for all I and X interrupts, (0xFFO0-0xFFF4)

(Optional) selects and stores the highest priority I interrupt based on the value written into the
HPRIO register

Modes of Operation

The functionality of the INT sub-block in various modes of operation is discussed in the subsections that

follow.

Normal operation

The INT operates the same in all normal modes of operation.

Special operation

Interrupts may be tested in special modes through the use of the interrupt test registers.
Emulation modes

The INT operates the same in emulation modes as in normal modes.

Low power modes

See Section 5.4.1, “Low-Power Modes,” for details
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5.2 External Signal Description

Most interfacing with the interrupt sub-block is done within the core. However, the interrupt does receive
direct input from the multiplexed external bus interface (MEBI) sub-block of the core for the IRQ and
XIRQ pin data.

5.3 Memory Map and Register Definition

Detailed descriptions of the registers and associated bits are given in the subsections that follow.

5.3.1 Module Memory Map

Table 5-1. INT Memory Map

Ag;jf;eests Use Access
0x0015 Interrupt Test Control Register (ITCR) R/W
0x0016 Interrupt Test Registers (ITEST) R/W
0x001F Highest Priority Interrupt (Optional) (HPRIO) R/W

5.3.2 Register Descriptions

5.3.2.1 Interrupt Test Control Register

Module Base + 0x0015
Starting address location affected by INITRG register setting.

5 4 3 2 1 0
R 0 0 0
WRTINT ADRS3 ADR2 ADR1 ADRO
w
Reset 0 0 0 0 1 1 1 1
= Unimplemented or Reserved

Figure 5-2. Interrupt Test Control Register (ITCR)
Read: See individual bit descriptions

Write: See individual bit descriptions

Freescale Semiconductor MC9S12C-Family / MC9S12GC-Family 159
Rev 01.24



Chapter 5 Interrupt (INTV1) Block Description

Table 5-2. ITCR Field Descriptions

Field Description

4 Write to the Interrupt Test Registers
WRTINT | Read: anytime
Write: only in special modes and with I-bit mask and X-bit mask set.
0 Disables writes to the test registers; reads of the test registers will return the state of the interrupt inputs.
1 Disconnect the interrupt inputs from the priority decoder and use the values written into the ITEST registers
instead.
Note: Any interrupts which are pending at the time that WRTINT is set will remain until they are overwritten.

3.0 Test Register Select Bits
ADR([3:0] |Read: anytime
Write: anytime
These bits determine which test register is selected on a read or write. The hexadecimal value written here will
be the same as the upper nibble of the lower byte of the vector selects. That is, an “F” written into ADR[3:0] will
select vectors OxFFFE-OxFFFO while a “7” written to ADR[3:0] will select vectors 0xFF7E-OxFF70.

5.3.2.2 Interrupt Test Registers

Module Base + 0x0016
Starting address location affected by INITRG register setting.

7 6 5 4 3 2 1 0
R
INTE INTC INTA INT8 INT6 INT4 INT2 INTO
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 5-3. Interrupt TEST Registers (ITEST)

Read: Only in special modes. Reads will return either the state of the interrupt inputs of the interrupt sub-
block (WRTINT = 0) or the values written into the TEST registers (WRTINT = 1). Reads will always
return Os in normal modes.

Write: Only in special modes and with WRTINT = 1 and CCR I mask = 1.
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Table 5-3. ITEST Field Descriptions

Field

Description

7:0
INT[E:0]

Interrupt TEST Bits — These registers are used in special modes for testing the interrupt logic and priority
independent of the system configuration. Each bit is used to force a specific interrupt vector by writing it to a
logic 1 state. Bits are named INTE through INTO to indicate vectors OxFFXE through OxFFx0. These bits can be
written only in special modes and only with the WRTINT bit set (logic 1) in the interrupt test control register
(ITCR). In addition, | interrupts must be masked using the | bit in the CCR. In this state, the interrupt input lines
to the interrupt sub-block will be disconnected and interrupt requests will be generated only by this register.
These bits can also be read in special modes to view that an interrupt requested by a system block (such as a
peripheral block) has reached the INT module.

There is a test register implemented for every eight interrupts in the overall system. All of the test registers share
the same address and are individually selected using the value stored in the ADR[3:0] bits of the interrupt test
control register (ITCR).

Note: When ADR[3:0] have the value of 0x000F, only bits 2:0 in the ITEST register will be accessible. That is,
vectors higher than OxFFF4 cannot be tested using the test registers and bits 7:3 will always read as a
logic 0. If ADR[3:0] point to an unimplemented test register, writes will have no effect and reads will always
return a logic O value.

5.3.2.3

Highest Priority I Interrupt (Optional)

Module Base + 0x001F
Starting address location affected by INITRG register setting.

7 6 5 4 3 2 1
R
PSEL7 PSEL6 PSEL5 PSEL4 PSEL3 PSEL2 PSEL1
w
Reset 1 1 1 1 0 0 1
= Unimplemented or Reserved

Figure 5-4. Highest Priority | Interrupt Register (HPRIO)

Read: Anytime
Write: Only if I mask in CCR =1

Table 5-4. HPRIO Field Descriptions

Field Description
71 Highest Priority | Interrupt Select Bits — The state of these bits determines which I-bit maskable interrupt will
PSEL[7:1] |be promoted to highest priority (of