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Chapter 1
MC9S12KG128 Device Overview (MC9S12KG128V1)

1.1 Introduction

The MC9S12KG128is a 112/80 pin 16-bit Flash-based microcontroller family targeted for high reliability
systems. The MC9S12KG128 has an increased performance in reliability over the life of the product 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 user.

The MC9S12KG128 is comprised of standard on-chip peripherals including a 16-bit central processing
unit (CPU12), 128K bytes of Flash EEPROM, 2K bytes of EEPROM, 8K bytes of RAM, two
asynchronous serial communications interface (SCI), three serial peripheral interface (SPI), IIC-bus, an
8-channel IC/OC timer, one 16-channel 10-bit analog-to-digital converter (ADC), an 8-channel
pulse-width modulator (PWM), two CAN 2.0 A, B software compatible modules, 29 discrete digital I/O
channels (Port A, Port B, Port E and Port K), and 20 discrete digital 1/O lines with interrupt and wakeup
capability. The MC9S12KG128 has full 16-bit data paths throughout, however, the external bus can
operate in an 8-bit narrow mode so single 8-bit wide memory can be interfaced for lower cost systems. The
inclusion of a PLL circuit allows power consumption and performance to be adjusted to suit operational
requirements.

111 Features

¥ HCS12 Core
N 16-bit HCS12 CPU
b Upward compatible with M68HC11 instruction set
D Interrupt stacking and programmerOs model identical to M68HC11
P Instruction queue
b Enhanced indexed addressing
MEBI (Multiplexed External Bus Interface)
MMC (Memory Map and Interface)
INT (Interrupt Controller)
DBG (Debugger)
BDM (Background Debug Mode)
¥ Oscillator
4MHz to 16MHz frequency range
Pierce with amplitude loop control
Clock monitor

20 20 20 Zv 2

el

N
N
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Chapter 1 MC9S12KG128 Device Overview (MC9S12KG128V1)

¥

Clock and Reset Generator (CRG)

N Phase-locked loop clock frequency multiplier
N Self Clock mode in absence of external clock
N COP watchdog

N Real Time interrupt (RTI)

Memory

N 128K Byte Flash EEPROM

b Internal program/erase voltage generation
b Security and Block Protect bits

b Hamming Error Correction Coding (ECC)
2K Byte EEPROM

8K Byte static RAM

Single-cycle misaligned word accesses without wait states
Analog-to-Digital Converter (ADC)
N One 16-channel module with 10-bit resolution
N External conversion trigger capability
8-channel Timer (TIM)
N Programmable input capture or output compare channels
N Simple PWM mode
N Counter Modulo Reset
N External Event Counting
N Gated Time Accumulation
8-channel Pulse Width Modulator (PWM)
N Programmable period and duty cycle per channel
N 8-bit 8-channel or 16-bit 4-channel
N Edge and center aligned PWM signals
N Emergency shutdown input
Two 1M bit per second, CAN 2.0 A, B software compatible modules
N Five receive and three transmit buffers
Flexible identiber blter 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 blter wake-up function
Loop-back for self test operation
Serial interfaces
N Two asynchronous serial communication interface (SCI)
N Three synchronous serial peripheral interface (SPI)
N Inter-IC Bus (IIC)
Internal 2.5V Regulator
N Input voltage range from 3.15V to 5.5V

palya

20 20 2 2 Z

MC9S12KG128 Data Sheet, Rev. 1.16

18

Freescale Semiconductor



Chapter 1 MC9S12KG128 Device Overview (MC9S12KG128V1)

Low power mode capability
Low VWoltage Reset (LVR) and Low Voltage Interrupt (LVI)
0 key wake up inputs
Rising or falling edge triggered interrupt capability
Digital blter to prevent short pulses from triggering interrupts
Programmable pull ups and pull downs
¥ Operating frequency for ambient temperaturgs4®c to 125°C)
N 50MHz equivalent to 25MHz Bus Speed
¥ 112-Pin LQFP or 80-Pin QFP package
N 1/0 lines with 3.3V/5V input and drive capability
N 3.3V/5V A/D converter inputs

2V 20 2 Ny 20 2

1.1.2 Modes of Operation

¥ Normal modes

Normal Single-Chip Mode

Normal Expanded Wide Mode

Normal Expanded Narrow Mode

Emulation Expanded Wide Mode

Emulation Expanded Narrow Mode

pecial Operating Modes

Special Single-Chip Mode with active Background Debug Mode

Special Test Mode (Freescale use only)

Special Peripheral Mode (Freescale use only)

¥ Each of the above modes of operation can be conbgured for three Low power submodes
Stop Mode

Pseudo Stop Mode

Wait Mode

¥ Secure operation, preventing the unauthorized read and write of the memory contents.

20 21 2 wn 20 20 20 Zv 2

21 21 2
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Chapter 1 MC9S12KG128 Device Overview (MC9S12KG128V1)

Table 1-1shows a feature overview of the MC9S12KG128 members.

Table 1-1. List of MC9S12KG128 members

Device Temp Options? | Flash | RAM | EEPROM | Package | CAN | SCI | SPI| IIC | A/D? | PWM?Z | TIM? |1/03
1121QFP| 2 [ 2 [ 3 [ 1] 16 8 8 |91

MC9S12KG128 C,V,M 128K | 8K 2K
80QFP | 2 [ 2 [ 3 [1] 8 7 8 | 59
1121QFP| 1 | 2 [ 2 | 1] 16 8 8 |91

MC9S12KL128 C,V,M 128K | 6K 2K
80QFP | 1 [ 1 [ 21 8 7 8 | 59
1121QFP| 1 [ 2 [ 2 [ 1] 16 8 8 |91

MC9S12KL64 C,V,M 64K | 4K 1K
80QFP | 1 | 1 [ 2 [1] 8 7 8 | 59
MC9S12KL32 C,V,M 32K | 2K 1K 80QFP | 1 [ 1 [ 21 8 7 8 | 59
1121QFP| 1 [ 2 [ 2 [ 1] 16 8 8 |91

MC9S12KC128 C,V,M 128K | 6K | None
80QFP | 1 | 1 [ 2 [1] 8 7 8 | 59
1121QFP| 1 [ 2 [ 2 [ 1] 16 8 8 |91

MC9S12KC64 C,V,M 64K | 4K | None
80QFP | 1 [ 1 [ 21 8 7 8 | 59

1 C:TA=85°C, f=25MHz. V: TA=105°C, f = 25MHz. M: TA= 125°C, f = 25MHz
2 Number of channels
3 1/0 is the sum of ports capable to act as digital input or output.

Figure 1-1shows the part number coding based on the package and temperature options for the
MC9S12KG128.

MC9S12 KG128 C FU

\—> Package Option

Temperature Option

> Device Title

»  Controller Family

Figure 1-1. Order Part number Coding

MC9S12KG128 Data Sheet, Rev. 1.16

Temperature Options

C=-400Cto 850C
V =-400C to 1050C
M = -400C to 1250C

Package Options
PV = 112LQFP
FU = 80QFP
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Chapter 1 MC9S12KG128 Device Overview (MC9S12KG128V1)

1.1.3 MC9S12KG128 Block Diagram

VRH |<—— VRH
| 128K Byte Flash EEPROM | ATD VRL VRL
VDDA |-—— VDDA
| 2K Byte EEPROM | VSSA |<€—— VSSA
ANOO PADOO [ ANO8 |« |«—— PADOS
| 8K Byte RAM | ANO1 PADO1| ANO9 [« |<«—— PADO9
ANO02 PADO2 [ AN10 <& ~«—— PAD10
ANO3 <D( PADO3 | AN11 =& 9( <«—— PAD11
ANO4 a PADO4 | AN12 [« o |<«—— PADI12
ANO5 PADO5 | AN13 [« <«—— PAD13
\\’/'ggg > ANOG PADO6| AN14 |« |«—— PAD14
3 ANOQ7 PADO7 [ AN15 =& «—— PAD15
VREGEN —>» Voltage Regulator B— R,
VDD1,2 <«— PIXO0 [ -<«—>» PKO, XADDR14
VSS1,2 «— PPAGE PIX1 [ «—>» PK1: XADDRlBI
PIX2 (<> x | |<—> PK2] XADDR1G
BKGD <> Single-Wire BDM PIX3 & 5 E <«—> PK3: XADDR17
PIX4 | O e PK4: XADDng
XTAL <€— Periodic Interrupt PIX5 [ <—>» PK5, XADDR19
EXTAL —>»| OSC["Cop Watchdog CPU12 ECS | <—» PK7! ECS _ _,
VSSPLL <€— Clock Monitor
10CQO (=] r«—>» PTO
VDDPLL <€— PLL 10C1 tes] r«—>» PT1
_ XFC <> CRG 10C2 o] > PT2
PE0 —> > XIRQ [E2XPOITS I0C4 [e= Q | O [«—> PT4
PE1 — > | > RO Debugger 10C5 |es] l«—> PT5
PE2 > e R/W 10C6 [ l«—> PT6
PE3 <> W Y le [STRB System I0C7 |« <> PT7
[a) Integration %)
EE; <> 0 |§ | ECLK Mgdule o RXD «> PSO (xcﬁu
> > MODA (SIM) TXD b= «—>» PS1 o
PE6 > > MODB RXD |- «—> PS2 ¥
PE7 > > NOACC/XCLKS SCI1 TXD | &) fQ «—>» PS3 E
TEST —>»[ MISO [« TN g |o [«— Ps4 &
PPt R RENEY | o ST e N I e f
SCK = i » PS6 s
Multiplexed Address/Data Bus SS [&—p YYV > <> PS7 =
T T [ome ek sl et B
TXCAN o (e <> PM1 k=l
DDRA DDRB 2E |e s <« PM2 T
0O e S |«—» PM3 @
4 @
PTA PTB CAN4 RXCAN |<&<—] §: ] 8 E e« PM4 ‘g
TTTReaey vreeaees [omnan B DB A f
~NOU<SOMOAN O NOWULSSMOANAO
________ TE2377F8 BEEREPEE <L | = ew7 z
! 939959800 ~owtoado’ KWJ0 | <—> b=
! Prrrrriy TR E: "5 PJo £
arese 83858585 885058583 ol B £ S :
'WideBus 2 <22<<< <2222 e SDA < KWJ6 [ A | O PJ6 8
:______—u-v-;-;;-c-\n-:u--c-;"""-:- STt TSt TT Tt SCL KWJ7 || <> PJ7 g
P« kWO | <= PO
' ' <<l (=2}
Namowbus S S SESEEE  SEEEAREE PUINLp—>|KWPL [<=| | |<—> PPL 3
""""" NobhYdma oo PWM PWM2 <3| KWP2 [« a <«—>» PP2
gggggggf_( PWM3 <& KWP3 [« &<—>PP3
LI PWM4|<—» KWP4 [« Q [0 |<«—> PP4
lalfalfalalallalalal a
. . PWMS5 [« KWP5 | «—>» PP5
Internal Logic 2.5V  1/O Driver 3.3V/5V  OSC/PLL 2.5V PWMG || kWP |« '«—> PPG
xglelg -<— V\?SDS>§< —> VDDPLL «— PWM?7 |3~ KWP7 [« <<«—>» PP7
- 1 VSSPH — MISO |4--3-[KWHO |<> <> PHO
= SPI1 MOSI |43 KWH1 | <«—>» PH1
Voltage Regulator 3.3V/5V A/D Converter 3.3V/5V SCK > KWH2 el <> PH2
VDDR —> Voltage Reference Mlgg <> KWH3 <> x £ [« PH3
VSSR <4 KWH4 [« 0 |<«—» PH4
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Figure 1-2. MC9S12KG128 Block Diagram
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Chapter 1 MC9S12KG128 Device Overview (MC9S12KG128V1)

1.2  Signal Description

The MC9S12KG128 is available in a 112-pin low proPle quad Bat pack (LQFP) and a 80-pin quad Bat
pack (QFP). Most pins perform two or more functions, as descritfgecition 1.2.1, OSignal Properties
SummaryCFigure 1-3andFigure 1-4show the pin assignments for different packages.

=}
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Signals shown in Bold are not available on the 80-pin package

Figure 1-3. Pin Assignments for 112 LQFP
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Figure 1-4. Pin Assignments for 80 QFP
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121

Table 1-2summarizes the pin functionality. Signals showbatd are not available in the 80-pin package.

Signal Properties Summary

Table 1-3summarizes the power and ground pins.

Table 1-2. Signal Properties (Sheet 1 of 3)

Internal Pull
Pin Name Pin Name Pin Name | Pin Name | Powered Resistor Descrintion
Function 1 | Function 2 | Function 3 | Function 4 by Reset P
CTRL
State
EXTAL — — — VDDPLL NA NA Oscillator Pins
XTAL — — — VDDPLL NA NA
RESET — — — VDDR None None |External Reset
TEST — — — NA NA NA Test Input
VREGEN — — — VDDX NA NA Voltage Regulator Enable Input
XFC — — — VDDPLL NA NA PLL Loop Filter
BKGD TAGHI MODC — VDDR | Always Up Up Background Debug, Tag High,
Mode Input
PAD[15:8] AN[15:8] — — VDDA None None |Port AD Input, Analog Inputs of
ATD
PADI[7:0] AN[7:0] — — VDDA None None |Port AD Input, Analog Inputs of
ATD
PA[7:0] ADDR[15:8]/ — — VDDR PUCR Disabled |Port A I/O, Multiplexed
DATA[15:8] Address/Data
PB[7:0] ADDR][7:0]/ — — VDDR PUCR Disabled |Port B I/O, Multiplexed
DATA[7:0] Address/Data
PE7 NOACC XCLKS — VDDR PUCR Up Port E 1/0, Access, Clock Select
PE6 IPIPE1 MODB — VDDR While RESET Port E 1/O, Pipe Status, Mode
pin is low: Input
Down
PES5 IPIPEO MODA — VDDR While RESET Port E 1/O, Pipe Status, Mode
pin is low: Input
Down
PE4 ECLK — — VDDR PUCR Up Port E 1/0O, Bus Clock Output
PE3 LSTRB TAGLO — VDDR PUCR Up Port E 1/O, Byte Strobe, Tag Low
PE2 R/W — — VDDR PUCR Up |Port E I/O, R/W in expanded
modes
PE1 IRQ — — VDDR PUCR Up |Port E Input, Maskable Interrupt
PEO XIRQ — — VDDR PUCR Up Port E Input, Non Maskable
Interrupt
PH7 KWH7 SS2 — VDDR PERH/ |Disabled|Port H I/O, Interrupt, SS of SPI2
PPSH
PH6 KWH6 SCK2 — VDDR PERH/ |Disabled [Port H I/O, Interrupt, SCK of
PPSH SPI2
PH5 KWH5 MOSI2 — VDDR PERH/ |Disabled [Port H I/O, Interrupt, MOSI of
PPSH SPI2

MC9S12KG128 Data Sheet, Rev. 1.16
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Table 1-2. Signal Properties (Sheet 2 of 3)

Internal Pull
Pin Name Pin Name Pin Name | Pin Name | Powered Resistor Description
Function 1 Function 2 Function 3 | Function 4 by Reset P
CTRL
State
PH4 KWH4 MISO2 — VDDR PERH/ |Disabled |Port H I/O, Interrupt, MISO of
PPSH SPI2
PH3 KWH3 Ss1 — VDDR PERH/ |Disabled |Port H I/O, Interrupt, SS of SPI1
PPSH
PH2 KWH2 SCK1 — VDDR PERH/ |Disabled |Port H I/O, Interrupt, SCK of
PPSH SPI1
PH1 KWH1 MOSI1 — VDDR PERH/ |Disabled |Port H I/O, Interrupt, MOSI of
PPSH SPI1
PHO KWHO MISO1 — VDDR PERH/ |Disabled [Port H I/O, Interrupt, MISO of
PPSH SPI1
PJ7 KWJ7 TXCAN4 SCL VDDX PERJ/ Up Port J I/O, Interrupt, TX of CAN4,
PPSJ SCL of lIC
PJ6 KWJ6 RXCAN4 SDA VDDX PERJ/ Up Port J 1/O, Interrupt, RX of CAN4,
PPSJ SDA of lIC
PJ[1:0] KWJ[1:0] — — VDDX PERJ/ Up Port J I/O, Interrupts
PPSJ
PK7 ECS ROMCTL — VDDX PUCR Up Port K 1/0, Emulation Chip
Select,
ROM On Enable
PK[5:0] | XADDR[19:14] — — VDDX PUCR Up Port K 1/0, Extended
Addresses
PM7 TXCAN4 — — VDDX PERM/ |Disabled [Port M I/O, CAN4 TX
PPSM
PM6 RXCAN4 — — VDDX PERM/ |Disabled|Port M I/O, CAN4 RX
PPSM
PM5 TXCANO TXCAN4 SCKO VDDX PERM/ | Disabled |Port M 1/O, CANO TX, CAN4 TX,
PPSM SPIO SCK
PM4 RXCANO RXCAN4 MOSIO VDDX PERM/ | Disabled [Port M 1/0, CANO RX, CAN4 RX,
PPSM SPIO MOSI
PM3 TXCANO — SSo VDDX PERM/ | Disabled [Port M I/O, CANO TX, SPIO SS
PPSM
PM2 RXCANO — MISOO0 VDDX PERM/ | Disabled [Port M I/O, CANO RX, SPI0 MISO
PPSM
PM1 TXCANO — — VDDX PERM/ | Disabled [Port M 1/O, CANO TX
PPSM
PMO RXCANO — — VDDX PERM/ | Disabled [Port M 1/0, CANO RX
PPSM
PP7 KWP7 PWM7 SCK2 VDDX PERP/ | Disabled |Port P I/O, Interrupt, PWM
PPSP Channel 7,
SCK of SPI2
PP6 KWP6 PWM6 SS2 VDDX PERP/ |Disabled |Port P I/O, Interrupt, PWM
PPSP Channel 6, SPI2 SS
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Table 1-2. Signal Properties (Sheet 3 of 3)

Internal Pull
Pin Name Pin Name Pin Name | Pin Name | Powered Resistor Description
Function 1 Function 2 Function 3 | Function 4 by Reset P
CTRL
State
PP5 KWP5 PWM5 MOSI2 VDDX PERP/ Disabled [Port P I/O, Interrupt, PWM
PPSP Channel 5,
SPI2 MOSI
PP4 KWP4 PWM4 MISO2 VDDX PERP/ Disabled [Port P I/O, Interrupt, PWM
PPSP Channel 4, SPI2 MISO
PP3 KWP3 PWM3 SS1 VDDX PERP/ Disabled [Port P I/O, Interrupt, PWM
PPSP Channel 3, SPI1 SS
PP2 KWP2 PWM2 SCK1 VDDX PERP/ Disabled |Port P I/O, Interrupt, PWM
PPSP Channel 2, SPI1 SCK
PP1 KWP1 PWM1 MOSI1 VDDX PERP/ Disabled [Port P I/O, Interrupt, PWM
PPSP Channel 1, SPI1 MOSI
PPO KWPO PWMO MISO1 VDDX PERP/ Disabled [Port P I/O, Interrupt, PWM
PPSP Channel 0, SPI1 MISO
PS7 SSO — — VDDX PERS/ Up Port S 1/0, SPIO SS
PPSS
PS6 SCKO — — VDDX PERS/ Up Port S I/0O, SPI0O SCK
PPSS
PS5 MOSIO — — VDDX PERS/ Up Port S I/O, SPIO MOSI
PPSS
PS4 MISOO0 — — VDDX PERS/ Up Port S I/O, SPIO MISO
PPSS
PS3 TXD1 — — VDDX PERS/ Up Port S 1/0, SCILTXD
PPSS
PS2 RXD1 — — VDDX PERS/ Up Port S 1/0, SCI1IRXD
PPSS
PS1 TXDO — — VDDX PERS/ Up Port S I/0, SCIO TXD
PPSS
PSO RXDO — — VDDX PERS/ Up Port S I/0, SCI0O RXD
PPSS
PT[7:0] 10C[7:0] — — VDDX Up or Disabled [Port T I/O, Timer channels
Down
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Table 1-3. Power and Ground

. Nominal I
Mnemonic Voltage Description
VDD1 VDD2 25V Internal power and ground generated by internal regulator. These also allow an external
VSS1 oV source to supply the core VDD/VSS voltages and bypass the internal voltage regulator.
VSS2
VDDR 3.3/5.0V External power and ground, supply to pin drivers and internal voltage regulator.
VSSR ov
VDDX 3.3/5.0V External power and ground, supply to pin drivers.
VSSX ov
VDDA 3.3/5.0V Operating voltage and ground for the analog-to-digital converter and the reference for the
VSSA oV internal voltage regulator, allows the supply voltage to the A/D to be bypassed
independently.
VRH 3.3/5.0V Reference voltage high for the ATD converter.
VRL oV Reference voltage low for the ATD converter.
VDDPLL 25V Provides operating voltage and ground for the Phased-Locked Loop. This allows the supply
VSSPLL oV voltage to the PLL to be bypassed independently. Internal power and ground generated by
internal regulator.

NOTE

All VSS 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.

1.2.2 Detailed Signal Descriptions

1.2.2.1 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.

1.2.2.2 RESET — External Reset Pin

An active low bidirectional control signal, it acts as an input to initialize the MCU to a known start-up state,
and an output when an internal MCU function causes a reset.

1.2.2.3 TEST — Test Pin

This input only pin is reserved for test.

NOTE
The TEST pin must be tied to VSS in all applications.
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1.2.2.4 VREGEN — Voltage Regulator Enable Pin

This input only pin enables or disables the on-chip voltage regulator.

1.2.2.5 XFC — PLL Loop Filter Pin

PLL loop Plter. Please ask your Freescale representative for the interactive application note to compute
PLL loop Plter elements. Any current leakage on this pin must be avoided.

XFC

CP

MCU
Cs

T

VDDPLL VDDPLL

Figure 1-5. PLL Loop Filter Connections

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

The BKGDITAGHI/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 used as a MCU operating mode select pin during reset. The state of this pin is
latched to the MODC bit at the rising edgeRBESET.

1.2.2.7 PAD[15:0] / AN[15:0] — Port AD Input Pins

PAD15 - PADO are general purpose input pins and analog inputs of the analog to digital converter with 16
channels (ATD).

1.2.2.8 PA[7:0] / ADDRJ[15:8] / DATA[15:8] — Port A 1/0O Pins

PA7DPAO 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.

1.2.2.9 PB[7:0] / ADDR][7:0] / DATA[7:0] — Port B 1/0O Pins

PB7DPBO0 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.

1.2.2.10 PE7/NOACC/XCLKS —Port EI/OPIn7

PE?7 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 OfreeO cycle. This signal
will assert when the CPU is not using the bus.
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The XCLKS is an input signal which controls whether a crystal in combination with the internal Loop
Controlled Pierce (low power) oscillator is used or whether Full Swing Pierce oscillator/external clock
circuitry is used. The state of this pin is latched at the rising eddRESET. If the input is a logic low the
EXTAL pinis conbgured for an external clock drive or Full Swing Pierce Oscillator. If inputis a logic high
a Loop Controlled Pierce oscillator circuit is conbgured on EXTAL and XTAL. Since this pin is an input
with a pull-up device during reset, if the pin is left Roating, the default conbguration is a Loop Controlled
Pierce oscillator circuit on EXTAL and XTAL.

Table 1-4. Clock Selection Based on PE7 During Reset

PE7 Description
1 Loop Controlled Pierce Oscillator selected
0 Full Swing Pierce Oscillator or external clock selected
EXTAL |1
c7
MCU [] crRYSTALOR
—— CERAMIC
RESONATOR
XTAL i i
cs =
— VSSPLL

Figure 1-6. Loop Controlled Pierce Oscillator Connections (PE7 = 1)

EXTAL 1 |
c7
MCU —
RB [] CRYSTAL OR
—— CERAMIC
RS* RESONATOR
1 11
XTAL 1 -1
cs =
VSSPLL

* Rs can be zero (shorted) when use with higher frequency crystals.
Refer to manufacturer’s data.

Figure 1-7. Full Swing Pierce Oscillator Connections (PE7 = 0)

MC9S12KG128 Data Sheet, Rev. 1.16

Freescale Semiconductor

29



Chapter 1 MC9S12KG128 Device Overview (MC9S12KG128V1)

EXTAL <¢———— CMOS-COMPATIBLE
EXTERNAL OSCILLATOR

(VDDPLL-LEVEL)
MCU

XTALI—— NOT CONNECTED

Figure 1-8. External Clock Connections (PE7 = 0)

1.2.2.11 PE6/MODB /IPIPE1 — Port E I/O Pin 6

PEG 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 edESET. This pin is shared with the
instruction queue tracking signal IPIPEL.

1.2.2.12 PES5/MODA /IPIPEO — Port E I/O Pin 5

PES5 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 edgRESET. This pin is shared with the
instruction queue tracking signal IPIPEO.

1.2.2.13 PE4/ECLK — Port EI/O Pin 4

PE4 is a general purpose input or output pin. It can be conbgured to drive the internal bus clock ECLK.
ECLK can be used as a timing reference.

1.2.2.14 PE3/LSTRB/TAGLO — Port E I/O Pin 3

PE3 is a general purpose input or output pin. In MCU expanded modes of opet&8ibRB can be used

for the low-byte strobe function to indicate the type of bus access and when instruction tagging is on,
TAGLO is used to tag the low half of the instruction word being read into the instruction queue.
1.2.2.15 PE2/R/W—Port E I/O Pin 2

PEZ2 is a general purpose input or output pin. In MCU expanded modes of operations, this pin drives the
read/write output signal for the external bus. It indicates the direction of data on the external bus.
1.2.2.16 PE1/IRQ — Port E Input Pin 1

PEL1 is a general purpose input pin and the maskable interrupt request input that provides a means of
applying asynchronous interrupt requests. This will wake up the MCU from STOP or WAIT mode.
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1.2.2.17 PEO/XIRQ — Port E Input Pin O

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

1.2.2.18 PH7/KWH7/SS2 — Port H1/O Pin7

PH7 is ageneral purpose input or output pin. It can be conbgured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be conbgured as slave sele@9iof the Serial Peripheral Interface 2
(SPI2).

1.2.2.19 PH6/KWH6/SCK2 — Port HI/O Pin 6

PHG6 is a general purpose input or output pin. It can be conbgured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be conbgured as serial clock pind@i¢ Serial Peripheral
Interface 2 (SPI2).

1.2.2.20 PH5/KWH5/MOSI2 — Port HI/O Pin 5

PH5 is a general purpose input or output pin. It can be conbgured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be conbgured as master output (during master mode) or slave input
pin (during slave mode) MOSiIf the Serial Peripheral Interface 2 (SPI12).

1.2.2.21 PH4/KWH4/MISO2 — Port H I/0O Pin 2

PH4 is a general purpose input or output pin. It can be conbgured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be conbgured as master input (during master mode) or slave output
(during slave mode) pin MIS©Of the Serial Peripheral Interface 2 (SP12).

1.2.2.22 PH3/KWH3/SS1— Port H1/O Pin 3

PH3 is a general purpose input or output pin. It can be conbgured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be conbgured as slave sele&9iof the Serial Peripheral Interface 1
(SPI1).

1.2.2.23 PH2/KWH2/SCK1 — Port H1/O Pin 2

PH2 is a general purpose input or output pin. It can be conbgured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be conbgured as serial clock pin@@i¢ Serial Peripheral
Interface 1 (SPI1).

1.2.2.24 PH1/KWH1/MOSI1—PortHI/OPin1l

PHL1 is ageneral purpose input or output pin. It can be conbgured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be conbgured as master output (during master mode) or slave input
pin (during slave mode) MOSIf the Serial Peripheral Interface 1 (SPI1).
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1.2.2.25 PHO/KWHO/MISO1 — PortHI/OPin 0

PHO is a general purpose input or output pin. It can be conbgured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be conbgured as master input (during master mode) or slave output
(during slave mode) pin MIS©Of the Serial Peripheral Interface 1 (SPI1).

1.2.2.26 PJ7/KWJ7/TXCAN4/SCL —PORTJI/OPIin7

PJ7 is a general purpose input or output pin. It can be conbgured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be conbgured as the transmit pin TXCAN for the Scalable Controller
Area Network controller 4 (CAN4) or the serial clock pin SCL of the 1IC module.

1.2.2.27 PJ6/KWJI6/RXCAN4 /SDA — PORT J I/O Pin 6

PJ6 is a general purpose input or output pin. It can be conbgured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be conbgured as the receive pin RXCAN for the Scalable Controller
Area Network controller 4 (CAN4) or the serial data pin SDA of the 1IC module.

1.2.2.28 PJ[1:0] / KWJ[1:0] — Port J I/O Pins [1:0]

PJ1 and PJO are general purpose input or output pins. They can be conbgured to generate an interrupt
causing the MCU to exit STOP or WAIT mode.

1.2.2.29 PK7/ECS/ROMCTL — Port K I/O Pin 7

PK7 is a general purpose input or output pin. During MCU expanded modes of operation, this pin is used
as the emulation chip select outpEES). During MCU expanded modes of operation, this pin is used to
enable the Flash EEPROM memory in the memory map (ROMCTL). At the rising eB&S&EIT, the

state of this pin is latched to the ROMON bit.
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For all other modes the reset state of the ROMON bit is as follows:
Special single: ROMCTL =1

Normal single: ROMCTL =1

Emulation expanded wide: ROMCTL =0

Emulation expanded narrow: ROMCTL =0

Special test: ROMCTL =0

Peripheral test: ROMCTL =1

K K K K K K

1.2.2.30 PK[5:0] / XADDR[19:14] — Port K /O Pins [5:0]

PK5-PKO are general purpose input or output pins. In MCU expanded modes of operation, these pins
provide the expanded address XADDR[19:14] for the external bus.

1.2.2.31 PM7/TXCAN4 — Port M I/O Pin 7

PM7 is a general purpose input or output pin. It can be conbgured as the transmit pin TXCAN of the
Scalable Controller Area Network controllers 4 (CAN4).

1.2.2.32 PM6/RXCAN4 — Port M I/O Pin 6

PM6 is a general purpose input or output pin. It can be conbgured as the receive pin RXCAN of the
Scalable Controller Area Network controllers 4 (CAN4).

1.2.2.33 PM5/TXCANO/TXCAN4 / SCKO — Port M I/O Pin 5

PM5 is a general purpose input or output pin. It can be conbgured as the transmit pin TXCAN of the
Scalable Controller Area Network controllers 0 or 4 (CANO or CAN4). It can be conbgured as the serial
clock pin SCK of the Serial Peripheral Interface 0 (SPI0).

1.2.2.34 PM4/RXCANO/RXCAN4/ MOSIO — Port M I/O Pin 4

PM4 is a general purpose input or output pin. It can be conbgured as the receive pin RXCAN of the
Scalable Controller Area Network controllers 0 or 4 (CANO or CAN4). It can be conbgured as the master
output (during master mode) or slave input pin (during slave mode) M@ 8le Serial Peripheral

Interface 0 (SPI0).

1.2.2.35 PM3/TXCANO/SSO— Port M I/O Pin 3

PM3 is a general purpose input or output pin. It can be conbgured as the transmit pin TXCAN of the
Scalable Controller Area Network controller 0 (CANO). It can be conbgured as the slave selé8tqiin
the Serial Peripheral Interface 0 (SPI0).
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1.2.2.36 PM2/RXCANO/MISOO — Port M I/O Pin 2

PM2 is a general purpose input or output pin. It can be conbgured as the receive pin RXCAN of the
Scalable Controller Area Network controller 0 ( CANO). It can be conbgured as the master input (during
master mode) or slave output pin (during slave mode) Mt8@he Serial Peripheral Interface 0 (SPI0).

1.2.2.37 PM1/TXCANO — Port MI/O Pin 1

PM1 is a general purpose input or output pin. It can be conbgured as the transmit pin TXCAN of the
Scalable Controller Area Network controller 0 (CANO).

1.2.2.38 PMO/RXCANO — Port M 1/O Pin O

PMO is a general purpose input or output pin. It can be conbgured as the receive pin RXCAN of the
Scalable Controller Area Network controller 0 (CANO).

1.2.2.39 PP7/KWP7/PWM7/SCK2 — Port P I/O Pin 7

PP7 is a general purpose input or output pin. It can be conbgured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be conbgured as Pulse Width Modulator (PWM) channel 7 output. It
can be conbgured as serial clock pin SCK of the Serial Peripheral Interface 2 (SPI2).

1.2.2.40 PP6/KWP6/PWM6/SS2 — Port P I/O Pin 6

PP6 is a general purpose input or output pin. It can be conbgured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be conbgured as Pulse Width Modulator (PWM) channel 6 output. It
can be conbgured as slave seleci3®nof the Serial Peripheral Interface 2 (SPI12).

1.2.2.41 PP5/KWP5/PWM5/MOSI2 — Port P 1/0O Pin 5

PP5 is a general purpose input or output pin. It can be conbgured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be conbgured as Pulse Width Modulator (PWM) channel 5 output. It
can be conbgured as master output (during master mode) or slave input pin (during slave mode) MOSI of
the Serial Peripheral Interface 2 (SPI12).

1.2.2.42 PP4/KWP4/PWM4 [ MISO2 — Port P 1/0 Pin 4

PP4 is a general purpose input or output pin. It can be conbgured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be conbgured as Pulse Width Modulator (PWM) channel 4 output. It
can be conbgured as master input (during master mode) or slave output (during slave mode) pin MISO of
the Serial Peripheral Interface 2 (SPI2).

1.2.2.43 PP3/KWP3/PWM3/SS1— Port P I/O Pin 3

PP3is a general purpose input or output pin. It can be conbgured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be conbgured as Pulse Width Modulator (PWM) channel 3 output. It
can be conbgured as slave seleciS®snof the Serial Peripheral Interface 1 (SPI1).
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1.2.2.44 PP2/KWP2/PWM2/SCK1— Port P I/O Pin 2

PP2 is a general purpose input or output pin. It can be conbgured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be conbgured as Pulse Width Modulator (PWM) channel 2 output. It
can be conbgured as serial clock pin SCK of the Serial Peripheral Interface 1 (SPI1).

1.2.2.45 PP1/KWP1/PWM1/MOSI1— Port PI/O Pin 1

PP1is a general purpose input or output pin. It can be conbgured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be conbgured as Pulse Width Modulator (PWM) channel 1 output. It
can be conbgured as master output (during master mode) or slave input pin (during slave mode) MOSI of
the Serial Peripheral Interface 1 (SPI1).

1.2.2.46 PPO/KWPO/PWMO/MISO1 — PortPI/OPIn0

PPO is a general purpose input or output pin. It can be conbgured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be conbgured as Pulse Width Modulator (PWM) channel O output. It
can be conbgured as master input (during master mode) or slave output (during slave mode) pin MISO of
the Serial Peripheral Interface 1 (SPI1).

1.2.2.47 PS7/SS0— Port SI/O Pin 7

PS6 is a general purpose input or output pin. It can be conbgured as the slave se®of pire Serial
Peripheral Interface 0 (SPI0).

1.2.2.48 PS6/SCKO— Port S1/0Pin6

PS6 is a general purpose input or output pin. It can be conbgured as the serial clock pin SCK of the Serial
Peripheral Interface 0 (SPI0).

1.2.2.49 PS5/MOSIO — Port S1/O Pin 5

PS5 is a general purpose input or output pin. It can be conbgured as master output (during master mode)
or slave input pin (during slave mode) MOSI of the Serial Peripheral Interface 0 (SPI0).

1.2.250 PS4 /MISO0 — Port S I/0O Pin 4

PS4 is a general purpose input or output pin. It can be conbgured as master input (during master mode) or
slave output pin (during slave mode) MOSI of the Serial Peripheral Interface 0 (SPI10).

1.2.251 PS3/TXD1— Port S1/O Pin 3

PS3 is a general purpose input or output pin. It can be conbgured as the transmit pin TXD of Serial
Communication Interface 1 (SCI1).
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1.2.252 PS2/RXD1— Port S1/0O Pin 2

PS2 is a general purpose input or output pin. It can be conbgured as the receive pin RXD of Serial
Communication Interface 1 (SCI1).

1.2.253 PS1/TXD0O — Port SI1/O Pin 1

PS1 is a general purpose input or output pin. It can be conbgured as the transmit pin TXD of Serial
Communication Interface 0 (SCI0).

1.2.254 PS0O/RXDO—PortS1/OPin0

PSO is a general purpose input or output pin. It can be conbgured as the receive pin RXD of Serial
Communication Interface 0 (SCI0).

1.2.2.55 PT[7:0] / 10C[7:0] — Port T I/O Pins [7:0]

PT7-PTO are general purpose input or output pins. They can be conbgured as input capture or output
compare pins I0C7-I0CO of the Timer (TIM).

1.2.3 Power Supply Pins
MC9S12KG128 power and ground pins are described below.

NOTE
All VSS pins must be connected together in the application.

1.2.3.1 VDDX,VSSX — Power Supply Pins for I/O Drivers

External power and ground for 1/O drivers. 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 how heavily the MCU pins are
loaded.

1.2.3.2 VDDR, VSSR — Power Supply Pins for I/O Drivers & for Internal Voltage
Regulator

External power and ground for I/O drivers and input to the internal voltage regulator. 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 how heavily the MCU pins are loaded.

1.2.3.3 VDD1, VDD2, VSS1, VSS2 — Power Supply Pins for Internal Logic

Power is supplied to the MCU through VDD and VSS. 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. This 2.5V supply is derived from the
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internal voltage regulator. There is no static load on those pins allowed. The internal voltage regulator is
turned off, if VREGEN is tied to ground.

NOTE
No load allowed except for bypass capacitors.

1.2.34 VDDA, VSSA — Power Supply Pins for ATD and VREG

VDDA, VSSA are the power supply and ground input pins for the voltage regulator and the analog to
digital converter. It also provides the reference for the internal voltage regulator. This allows the supply
voltage to the ATD and the reference voltage to be bypassed independently.

1.2.3.5 VRH, VRL — ATD Reference Voltage Input Pins

VRH and VRL are the reference voltage input pins for the analog to digital converter.

1.2.3.6 VDDPLL, 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.

NOTE
No load allowed except for bypass capacitors.
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1.3

131

Table 1-5shows the device register map of the MC9S12KG128 after reset.

Memory Map and Register Definition

Device Memory Map

Table 1-5. MC9S12KT256 Device Memory Map

Address

Module

Size

0x0000-0x0017

CORE (Ports A, B, E, Modes, Inits, Test)

24

0x0018

Reserved

0x0019

Voltage Regulator (VREG)

0x001A-0x001B

Device ID register (PARTID)

0x001C-0x001F

CORE (MEMSIZ, IRQ, HPRIO)

0x0020-0x002F

CORE (DBG)

0x0030-0x0033

CORE (PPAGE, Port K)

0x0034—-0x003F

Clock and Reset Generator (PLL, RTI, COP)

0x0040-0x006F

Standard Timer 16-bit 8 channels (TIM)

0x0070-0x007F

Reserved

0x0080—-0x00AF

Analog to Digital Converter 10-bit 16 channels (ATD)

0x00B0-0x00C7

Reserved

0x00C8-0x00CF

Serial Communications Interface 0 (SCI0)

0x00D0-0x00D7

Serial Communications Interface 1 (SCI1)

0x00D8-0x00DF

Serial Peripheral Interface 0 (SPIO)

0xO0EO-OxO0E7

Inter Integrated Circuit Bus (IIC)

0xO0E8-0x00EF

Reserved

0x00F0—0x00F7

Serial Peripheral Interface 1 (SPI1)

0x00F8-0x00FF

Serial Peripheral Interface 2 (SPI2)

0x0100-0x010F

Flash Control Register

0x0110- 0x011B

EEPROM Control Register

0x011C-0x013F

Reserved

0x0140-0x017F

Scalable Controller Area Network 0 (CANO)

0x0180-0x023F

Reserved

192

0x0240-0x027F

Port Integration Module (PIM)

64

0x0280-0x02BF

Scalable Controller Area Network 4 (CAN4)

64

0x02C0-0x02E7

Pulse Width 