H MC9S12K-Family
MOTOROLA Freescale Semiconductor, Inc. Rev 6.0, 2100t 03

m STEMICOND U C T O R m0m0m
TECHNICAL DATA

MCI9S12K-Family

Product Preview
16-Bit Microcontroller

Targeted for ultra high reliability systems, members of the MC9S12K-Family of 16-bit Flash-based microcontrol-
lers have an increased performance in reliability over the life of the product. The improvement is due to a built-in
Error Checking and Correction code (ECC) in the Flash memory. The program and erase operations automatically
generate six parity bits per word making ECC transparent to the end user. The ECC logic implements a modified
Hamming code capable of correcting single bit faults and detecting double bit faults in each word. The MC9S12K-
Family members are composed of standard on-chip peripherals and maintain pin compatibility with the
MC9S12D-Family.

Features

* 16-bit CPU12
— Upward compatible with M68HC11 instruction set
— Interrupt stacking and programmer’s model identical to M68HC11
— Instruction queue
— Enhanced indexed addressing

* System Integration Module (SIM)

— Multiplexed External Bus Interface (MEBI)
« Single chip or expanded
* 16 address/16 data wide or 16 address/8 data narrow modes

— Memory Map and Interface (MMC)

— Interrupt Controller (INT)

— Development support
« Single-wire Background Debug Mode™ (BDM)
* Debugger with on-chip trace buffer and flexible triggers (DBG)
* On-chip hardware Breakpoints (BKP)

* Oscillator (OSC)
— 2Mhz to 16Mhz frequency range
— Pierce with amplitude loop control
— Clock monitor

* Clock and Reset Generator (CRG)
— Phase-locked loop clock frequency multiplier
— Self Clock mode in absence of external clock
— COP watchdog
— Real Time interrupt (RTI)

* Memory options
— 32K, 64K, 128K, 256K Byte Flash EEPROM
* Internal program/erase voltage generation
* Security and Block Protect bits
* Built-in Error Checking and Correction code (ECC)
— 1K, 2K, 4K Byte EEPROM
— 2K, 4K, 8K, 12K Byte static RAM
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* Analog-to-Digital Converter(s) (ADC)
— Two 8-channel modules with 10-bit resolution for MC9S12KT256
— One 16-channel module with 10-bit resolution for MC9S12K G128, MC9S12K 64 and MC9S12K 32
— External conversion trigger capability

* 8-channel Timer (TIM)
— Programmable input capture or output compare channels
— Simple PWM mode
— Counter Modulo Reset
— External Event Counting
— Gated Time Accumulation

* 8-channel Pulse Width Modulator (PWM)
— Programmable period and duty cycle per channel
— 8-bit 8-channel or 16-bit 4-channel
— Edge and center aligned PWM signals
— Emergency shutdown input

e Up to three 1M bit per second, CAN 2.0 A, B software compatible modules
— 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

* Serial interfaces
— Up to two asynchronous serial communication interface (SCI)
— Up to three synchronous serial peripheral interface (SPI)
— Inter-IC Bus (IIC)

* Internal 2.5V Regulator
— Input voltage range from 3.15V to 5.5V
— Low power mode capability
— Low Voltage Reset (LVR) and Low Voltage Interrupt (LVI)

* 20 key wake up inputs
— Rising or falling edge triggered interrupt capability
— Digital filter to prevent short pulses from triggering interrupts
— Programmable pull ups and pull downs

* Operating frequency for ambient temperatures (T, -40°C to 125°C)
— 50MHz equivalent to 25MHz Bus Speed

* 112-Pin LQFP or 80-Pin QFP package
— 1/0 lines with 3.3V/5V input and drive capability
— 3.3V/5V A/D converter inputs

. _________________________________________________________________________________________|
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Table 1 List of MC9S12K-Family members

Flash | RAM | EEPROM | Package | Device | CAN | SCI SPI lic A/D | PWM | /O
KT256 3 2 3 1 16 8 91
112LQFP
256K | 12K 4K KG256 2 2 3 1 16 8 91
80QFP | KG256 2 2 3 1 8 7 59
112LQFP | KG128 2 2 3 1 16 8 91
128K | 8K 2K
80QFP | KG128 2 2 3 1 8 7 59
112LQFP K64 1 2 2 1 16 8 91
64K 4K 1K
80QFP K64 1 2 2 1 8 7 59
32K 2K 1K 80QFP K32 1 2 1 0 8 7 59

* Pin out explanations:
— A/D is the number of A/D channels.
— 1/O is the sum of ports capable to act as digital input or output.
112 Pin Packages:
PortA=8,B=8,E=6+2inputonly, H=8,J=4,K=7,M=8,P=8,S=8,T=8, PAD =16 input
only.
22 inputs provide Interrupt capability (H =8, P= 8, J = 4, IRQ, XIRQ)
80 Pin Packages:
PortA=8,B=8, E=6+2inputonly,J=2,M=6,P=7,S=4,T=_8, PAD =8 input only.
11 inputs provide Interrupt capability (P=7, J = 2, IRQ, XIRQ)
— CANO can be routed under software control from PM1:0 to pins PM3:2 or PM5:4.
— CAN4 pins are shared between IIC pins.
— CAN4 can be routed under software control from PJ7:6 to pins PM5:4 or PM7:6.
— Versions with 2 CAN modules will have CANO and CAN4.
— Versions with one CAN module will have CANO.
— Versions with 2 SPI modules will have SPI0 and SPI1.
— Versions with 1 SPI will have SPIO.
— SPIO0 can be routed to either Ports PS7:4 or PM5:2.
— SPI2 pins are shared with PWM7:4.
— In 112 pin versions SPI2 can be routed under software control to PH7:4.
— In 80 pin versions SS signal of SPI2 is not bonded out!

MC9S12K-Family © MOTOROLA 2003
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MC9S12KT256 Block Diagram
VRH |<—VRH VRH J<—VRH
| 256K Byte Flash EEPROM | ATDO  VRL [«—VRL [ATD1  VRL |=VRL
VDDA |«—VDDA VDDA |<—VDDA
| 4K Byte EEPROM | VSSA [«—VSSA VSSA |«—VvSsa
ANO l«—PADOO ANO |« J=—PADO8
| 12K Byte RAM | ANI l«—PADOI ANl [« |<—PAD0Y
AN2 <<—PADO2 AN2 [«  [<—PADI0
AN3 S [«—PaD03 AN3 [« = [=—PADII
AN4 < |=—prAD04 AN4 [ < |<—PADI2
AN5 |«—PADOS AN5 [«  |<—PADI3
VDDR—> AN6 |« PADOG ANG |«|  |«—PaD14
VSSR— AN7 <—PAD07 | AN7 [ [«—PADIS
VREGEN —»] Voltage Regulator — e e - - .
VDDI1,2 < PIXO | <> PK0 , XADDRI14,
VSS1,2 <] PPAGE PIX] [w> <> PK1' XADDRIS!
PIX2 [<>{34 |, [<>=PK2 , XADDRIS,
BKGD-e»|  Single-wire BDM PIX3 [ & E <> PK3 : XADDR17:
PIX4 | Q <> PK4 , XADDRI1S
XTAL < Periodic Interrupt PIX5 [ <> PK5 1 XADDR19
EXTAL— 9SC ™ Cop watchdog CPU12 ECS | <>PK7' ECS_ !
VSSPLL<_<_ PLL Clock Monitor T0C0 |l l> PTO
VDD}?EE«» CRG 10C1 1= <> PTL
10C2 [l <> PT2
RESET <> i TIM 10C3 [e>] ¢ | & [« PT3
R Breakpoints AlE
PEO—>] [ »-| XIRQ 10C4 [ B | & fe= PT4
PE1 —»] L »| RQ Debugger 10C5 [ <> PT5
PE2 <> > R/'W 10C6 > <> PT6
PE3 <> 2 2 || TsTRE System 10C7 [ <>PT7
-] a Integration
fsiig 1= i it Module SCI0 RXD 1= Pso
(SIM) TXD |- <> PS1
PE6 <> <>| MODB RXD |- <> ps2
PE7 <>} <> NOACC/XCLKS scn XD | 2 o [ pS3
TEST—] MISO [« e 8 & |e>ps4
MOSI |« > <> PS5
TIVIVIVY YAEREEEY | oseo oy |3 A | s
Multiplexed Address/Data Bus SS = TYVY > [<>PS7
RxCAN |- > <> PMO
tvveveey o gveevvey | oave Tl B0 L EDNG
DDRA DDRB RxCAN | QE = <> PM2
CANL 1 can > 23 | 5 S fe=-pMm3
PTA PTB S~ =
RxCAN = Se |2 |5 [ePM4
CAN4 35 a
TxCAN > Sa e <> PM5
S oWV T — O EEBEEESES > <> PM6
§§§§§§§§ aoA A A A A A A <>} l<> PM7
' VT d =S o SRRt VEY] — o
, PEREEzlr RELAEZE. KWI0 J<> > PJ0
. o0pa0c0000 o000 ogooQ -
:Mpltlplexed%gggggg% %g%%%%g%: KWII [ o2 | = [ PJ1
JWideBug | S EX TSI RTE FSTEIINTI[Mc SDA || kw6 [ B | & Je=pis
: 2272227 ‘zgezedze B il o ol M
' '
"Multiplexed £ 2 2 S 5555 S555555% PWMO]<—»] KWP0 |«>] <> ppo
' Y o o o e e o S Yo e e e e Wa W e <>
.NarrowBus .~ — 7 __ " 7. _ T _. PWMI [ KWP] |=>] <> PP1
~NOo VTN — O PWM2 = | KWP2 [=> <> PP2
EE;%‘EEEE PWM  pypis |t kwps |er| & 8. [ PP3
JaYa e e Wa e agyal PWM4 | :KWP4<—>8 & | PP4
. . PWMS5 = » KWP5 | <> PP5
Internal Logic 2.5V I/O Driver 3.3V/5V  OSC/PLL 2.5V pwMo > Kwpe | l<> PP6
Vppi, -— Vppx —> VpppLL — — PWM7 [ KWP7 |+ |<>PP7
Vg \%
s T — VsseLu MISO |- KWHO |=>] <> PHO
= MOSI |4 KWHI |« <> PH1
SPI1 SCK |44 KWH2 |=>] |«
Voltage Regulator 3.3V/5V A/D Converter 3.3V/5V - [T o PH2
Vppr —> Voltage Reference SS |~ KWH3 <> aé E [<>PH3
Vsr v MISO |4 KWH4 |<>] & [<>PH4
_—L— VDDA P2 MOSI |43 KWH5 |<>] _ l<> PH5
ssa T SCK |4 KWH6 <> <> PH6
= SS || KWH7 || <> PH7

Signals shown in Bold are not available on the 80 Pin Package

. _________________________________________________________________________________________|
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MC9S12KG128, MC9S12K64 and MC9S12K32 Block Diagram

VRH |<—VRH
| 128K, 64K, 32k Byte Flash EEPROM | ATD VRL |e—vRL
VDDA |«—VDDA
| 2K, 1K Byte EEPROM | VSSA |<—VSSA
ANOO PAD0O0 | ANOS || |=—PADOS
| 8K, 4K, 2K Byte RAM | ANOI PADOI AN09 [«  |<—PAD09
ANO02 paD02 | ANI10 |« |<—paD10
ANO3 <D: PADO3 | AN | 9: «—PADII
ANO4 o PAD04 | ANI12 [« A |<—PaDI12
ANO5 PAD05 | ANI3 [« |<—PaDI13
\ileZl; > ANO6 PADO6 | AN14 |« |«—PADI4
> ANO7 PADO7 | ANIS |« |«—PADIS
VREGEN —»»} Voltage Regulator — P e e - - - .
VDDI1,2 < PIXO J>] |«>PK0 | XADDRI14,
VSS1,2 <] PPAGE PIX1 [ [<>PK1' XADDRIS'
PIX2 [ |, [<>=PK2 , XADDRIS,
BKGD-e»]  Single-wire BDM PIX3 [ 5 E <> PK3 : XADDR17:
PIX4 | Q [<>PK4 XADDRIS
XTAL ] Periodic Interrupt PIX5 | <> PK5 « XADDRI19:
EXTAL— 9SC ™ C0Op Watchdog CPU12 ECS |<>| <»PK7' ECS !
VSSPLL <% PLL Clock Monitor T0C0 Je> le> PTO
VDD}?EE«» CRG 101 1= > P
10C2 fe>f <> PT2
RESET <> i TIM 10C3 &> ¢ | = [« PT3
R Breakpoints Al
PEO—»] > XIRQ 10C4 [ B | & fe PT4
PEI —» > ®Q Debugger 10C5 | <> PTS
PE2 <> > R/'W 10C6 =] <> PT6
PE3 <> & |« TSTRB System 10C7 | <>p17
- a Integration
prs <] | [<o] oba Module sci0 D <] Jers0
(SIM) TXD |- <> PS|
PE6 <] <> MODB RXD | <> Ps2
PE7 <>} <> NOACC/XCLKS scn XD | 2 @ [ PS3
TEST MISO [ ] > 8| & [«>ps4
MOSI | > l<> PS5
TIVIVVIY YRR EEERY [ oseo oy |3 A | e
Multiplexed Address/Data Bus SS = TYYY > <> PS7
RxCAN <> <> PMO
TYPYIIEY YYERYYEY | cano PO o b I ) ey
DDRA DDRB 25 = > PM2
L O
PTA PTB e SeE 2 [-PM3
RxCAN gt [« 2|E |e>rm4
CAN4 5 A
TxCAN > Sa e [ >PM5
NSOVt —O EEBEESES > <> PM6
SEEEEEEE SRSV -V VO <>} l<> PM7
"""" T i
1 — e e = = — O\ OO S o wn <t o —~ O
' [ - -~ [~ -~ - KWJ0 |- <> PJO
. Sl =l = - = == = - i)
:Mpltlplexedg%g%%g%% gg%%%g%%: KWJI [ &2 =l i 011
\WideBus | S €< < << <] c SDA |- kw6 [ 8 | & Je=pis
: 2272227 ‘zgezegzs st fsowr e T femr
' '
"Multiplexed £ 2 2 S 5555 'S555555% PWMO| <] KWP0 > <> pPo
' e o e e e e o o e e e e e W <>
.NarrowBus —_— 7 __ " .- 7T _ . PWMI [ KWP] | <> PP1
R EI Bk PWM2 [ KWP2 | <> pPp2
SESEEEEE PWM - pynisfat—| kwps |en| & 8. [ PP3
SaaAsaAA PWM4 | =KWP4<->8m<->PP4
i 1/O Driver 3.3V/5V  OSC/PLL 2 PWMS[=TP>| KWPS <= > PP3
Internal Logic 2.5V river 3. PLL 2.5V pwMsldba»] kwps <] <> PP6
Vppi, -— Vppx —» VpppLL — — PWM7 [ KWP7 | |<>pPP7
Vg \%
sz T — VsseLu MISO | KWHO =] <> pHO
= MOSI |43 KWHI f=>] l<> PH1
SPII SCK |44 KWH?2 |=>} >
Voltage Regulator 3.3V/5V A/D Converter 3.3V/5V el i Il e o PH2
Vppr —» Voltage Reference SS |~ KWH3 [« ns E [<>PH3
Vesr MISO |4 KWH4 | & |=>PH4
_—L— XIDDA P2 MOSI |43 KWHS5 |<> A/ l<> PH5
ssa T SCK |4 KWH6 [<>] <> PH6
= SS || KWH7 |=>] <> PH7

Signals shown in Bold are not available on the 80 Pin Package.
CAN4 and SPI2 are only available on the MC9S12KG128.
IIC and SPII are not available on the MC9S12K32.

MC9S12K-Family © MOTOROLA 2003
Rev 6.0, 21-Oct-03 For More Information On This Product, 5
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Pin assignments

Figure 1 Pin assignments 112 LQFP for MC9S12K-Family
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Signals shown in Bold are not available on the 80 Pin Package
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Figure 2 Pin Assignments in 80 QFP for MC9S12K-Family
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Memory Configurations

$0000 | 1K Register Space
$0000 $03FF | Mappable to any 2K Boundary
$0400 $0000 | 4K Bytes EEPROM
Initially overlapped by register space
$1000 $OFFF | Mappable to any 4K Boundary
$1000 12K Bytes RAM
Alignable to top ($1000 - $3FFF)
or bottom ($0000 - $2FFF)
$4000 1 $3FFF | Mappable to any 16K Boundary
$4000 | ¢ 5K, 1K, 2K or 4K Protected Sector
$7FFF 16K Fixed Flash EEPROM
$8000
$8000 | 16K Page Window
16 x 16K Flash EEPROM Pages
EXT
$BFFF
$C000 $C000 | 16K Fixed Flash EEPROM
$FEFF 2K, 4K, 8K or 16K Protected Boot Sector
$FF00 BDM
_____ — L — If Active
$EF90 [ VecToRrs VEQTORS VECTORS srrrr | )
NORMAL EXPANDED SPECIAL
SINGLE CHIP SINGLE CHIP

Figure 3 MC9S12Kx256 User Configurable Memory Map

The figure shows a useful map, which is not the map out of reset. After reset the map is:

$0000 - $03FF: ReI%ister Space
%1000 - $3FFF: 12K RAM
0000 - $OFFF: 4K EEPROM (1K $0000 - $03FF not visible)

. _________________________________________________________________________________________|
© MOTOROLA 2003 MC9S12K-Family
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Figure 4 MC9S12KG128 User Configurable Memory Map

/ $0000 | 1K Register Space
$03FF

So000 * I Mappable to any 2K Boundary
$0400 $0800 | 2K Bytes EEPROM
$0800
$1000 $OFFF_| Mappabl
ppable to any 2K Boundary

$2000

$2000 | 8K Bytes RAM

$3FFF | Mappable to any 8K Boundary
$4000 A

$4000 | ¢ 5K, 1K, 2K or 4K Protected Sector

16K Fixed Flash EEPROM

$8000 {

$8000 | 16K Page Window
8 x 16K Flash EEPROM Pages

EXT

$BFFF

$cooo $C000 | 16K Fixed Flash EEPROM
$FFFF 2K, 4K, 8K or 16K Protected Boot Sector

/ ’ $FF00 BDM
_____ L — L — - S If Active
%IEIEIQIQ VECTORS VEQTORS VECTORS $FFFF ( )
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:

$0000 - $03FF: Register Space
%OOOO - $1FFF: 8K RAM (1K $0000 - $03FF not visible)
0000 - $07FF: 2K EEPROM (1K $0000 - $03FF not visible)

MC9S12K-Family © MOTOROLA 2003
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Figure 5 MC9S12K64 User Configurable Memory Map

/ $0000 | 1K Register Space
$03FF

o0 I N — Nappabe (0 ay 2K Boudary

$0400 $0800 | 1K Bytes EEPROM
$0800 repeated twice in the 2K space

$OFFF | Mappable to any 2K Boundary

$1000 ¢

$3000 | 4K Bytes RAM
$3000

$3FFF | Mappable to any 4K Boundary
$4000 A ~~

$4000 | ¢ 5K, 1K, 2K or 4K Protected Sector

$8000 y $7FFF 16K Fixed Flash EEPROM

$8000 | 16K Page Window
4 x 16K Flash EEPROM Pages

EXT
$BFFF

$C000 $C000 | 16K Fixed Flash EEPROM
$FFFF 2K, 4K, 8K or 16K Protected Boot Sector

7 $FFO0 | oo,
_____ . L ] e If Active
$EF90 [ VecToRrs VEQTORS VECTORS sFreF | ¢ )
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:

$0000 - $03FF: Regi:i{ster Space
%OOOO - $OFFF: 4K RAM (1K $0000 - $03FF not visible)
0000 - $03FF: 1K EEPROM (not visible)

. _________________________________________________________________________________________|
© MOTOROLA 2003 MC9S12K-Family
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Figure 6 MC9S12K32 User Configurable Memory Map

/ $0000 | 1K Register Space
$03FF

o0 I N E— Mappatlo o any 2K Soundary

$0400 $0800 | 1K Bytes EEPROM
$0800 Repeated twice in the 2K space

$OFFF | Mappable to any 2K Boundary

$1000
$3800
$3800 | 2K Bytes RAM

$4000 A
$3FFF | Mappable to any 2K Boundary
$8000
$8000 | 05K, 1K, 2K or 4K Protected Sector
""" 2 x 16K Flash EEPROM Pages
EXT
16K Fixed Flash EEPROM
$BFFF
$Co00 $C000 | 16K Fixed Flash EEPROM
SFFFF 2K, 4K, 8K or 16K Protected Boot Sector
/. $FFO0 | g
$FF00 | —_— — - — 1 — .- (If Active)
SFFFF L__VECTORS VEQITORS VECTORS $FFFF
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:

$0000 - $03FF: Re%ster Space
%0800 - $0FFF: 2K RAM
0000 - $07FF: 1K EEPROM (not visible)
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