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Chapter 1
MC9S12KG128 Device Overview (MC9S12KG128V1)

1.1 Introduction

The MC9S12K G128 is a 112/80 pin 16-bit Flash-based microcontroller family targeted for high reliability
systems. The MC9S12K G128 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 MC9S12K G128 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 I/O lines with interrupt and wakeup
capability. The MC9S12K G128 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

« HCSI12 Core
— 16-bit HCS12 CPU
— Upward compatible with M68HC11 instruction set
— Interrupt stacking and programmer’s model identical to M6SHC11

Instruction queue
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

MC9S12KG128 Data Sheet, Rev. 1.16
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Clock and Reset Generator (CRG)
— Phase-locked loop clock frequency multiplier
— Self Clock mode in absence of external clock
— COP watchdog
— Real Time interrupt (RTT)
Memory
— 128K Byte Flash EEPROM
— Internal program/erase voltage generation
— Security and Block Protect bits
— 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)
— One 16-channel module with 10-bit resolution
— 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
Two 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
— Two asynchronous serial communication interface (SCI)
— Three synchronous serial peripheral interface (SPI)
— Inter-IC Bus (IIC)
Internal 2.5V Regulator
— Input voltage range from 3.15V to 5.5V

MC9S12KG128 Data Sheet, Rev. 1.16
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Chapter 1 MC9S12KG128 Device Overview (MC9S12KG128V1)

— 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

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
» Special 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 configured for three Low power submodes
— Stop Mode
— Pseudo Stop Mode
— Wait Mode
» Secure operation, preventing the unauthorized read and write of the memory contents.
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Table 1-1 shows a feature overview of the MC9S12K G128 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 1-1 shows the part number coding based on the package and temperature options for the
MC9S12KG128.

MC9S12 KG128 C FU Temperature Options

C=-40°Cto 85°C
V
\—> Package Option M

-40°C to 105°C
-40°C to 125°C
Temperature Option Package Options
» Device Title EV = ééZLSFP
»  Controller Family U= 80r

Figure 1-1. Order Part number Coding
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1.1.3 MC9S12KG128 Block Diagram
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Figure 1-2. MC9S12KG128 Block Diagram
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1.2  Signal Description

The MC9S12K G128 is available in a 112-pin low profile quad flat pack (LQFP) and a 80-pin quad flat
pack (QFP). Most pins perform two or more functions, as described in Section 1.2.1, “Signal Properties
Summary”. Figure 1-3 and Figure 1-4 show 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

Signal Properties Summary

Table 1-2 summarizes the pin functionality. Signals shown in bold are not available in the 80-pin package.
Table 1-3 summarizes 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
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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 filter. Please ask your Freescale representative for the interactive application note to compute
PLL loop filter 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 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 used as a MCU operating mode select pin during reset. The state of this pin is
latched to the MODC bit at the rising edge of RESET.

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

PADI15 - 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] / 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.

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

1.2.2.10 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.

MC9S12KG128 Data Sheet, Rev. 1.16

28 Freescale Semiconductor



Chapter 1 MC9S12KG128 Device Overview (MC9S12KG128V1)

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 edge of RESET. If the input is a logic low the
EXTAL pin is configured for an external clock drive or Full Swing Pierce Oscillator. If input is a logic high
a Loop Controlled Pierce 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 Loop Controlled
Pierce oscillator circuit on EXTAL and XTAL.

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

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

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 ”
cs =
— VSSPLL

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

VSSPLL

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

MC9S12KG128 Data Sheet, Rev. 1.16

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

Freescale Semiconductor



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

PE6 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.

1.2.2.12 PES5/MODA /IPIPEO — Port E I/O 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 IPIPEQ.

1.2.2.13 PE4/ECLK — Port EI/O Pin 4

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

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 operation, LSTRB 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/MW—Port E I/O Pin 2

PE2 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

PEI is a general purpose input pin and the maskable interrupt request input that provides a means of
applying asynchronous interrupt requests. This will wake up the MCU from STOP or WAIT mode.
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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 a general purpose input or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as slave select pin SS of the Serial Peripheral Interface 2
(SP12).

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

PH6 is a general purpose input or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as serial clock pin SCK of the Serial Peripheral
Interface 2 (SPI2).

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

PHS is a general purpose input or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as master output (during master mode) or slave input
pin (during slave mode) MOSI of the Serial Peripheral Interface 2 (SPI2).

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

PHA4 is a general purpose input or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as master input (during master mode) or slave output
(during slave mode) pin MISO 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 configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as slave select pin SS of 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 configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as serial clock pin SCK of the Serial Peripheral
Interface 1 (SPI1).

1.2.2.24 PH1/KWH1/MOSI1—PortHI/OPin1l

PHI1 is a general purpose input or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as master output (during master mode) or slave input
pin (during slave mode) MOSI of the Serial Peripheral Interface 1 (SPI1).

MC9S12KG128 Data Sheet, Rev. 1.16
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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 configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as master input (during master mode) or slave output
(during slave mode) pin MISO 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 configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as the transmit pin TXCAN for the Scalable Controller
Area Network controller 4 (CAN4) or the serial clock pin SCL of the IIC 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 configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as the receive pin RXCAN for the Scalable Controller
Area Network controller 4 (CAN4) or the serial data pin SDA of the IIC 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 configured 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 output (ECS). During MCU expanded modes of operation, this pin is used to
enable 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.
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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

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

PKS5-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 configured 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

PMB6 is a general purpose input or output pin. It can be configured 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

PMS5 is a general purpose input or output pin. It can be configured as the transmit pin TXCAN of the
Scalable Controller Area Network controllers 0 or 4 (CANO or CAN4). It can be configured as the serial
clock pin SCK of the Serial Peripheral Interface 0 (SPIO).

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 configured as the receive pin RXCAN of the
Scalable Controller Area Network controllers 0 or 4 (CANO or CAN4). It can be configured as the master
output (during master mode) or slave input pin (during slave mode) MOSI for the Serial Peripheral
Interface 0 (SPIO).

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 configured as the transmit pin TXCAN of the
Scalable Controller Area Network controller 0 (CANO). It can be configured as the slave select pin SS of
the Serial Peripheral Interface 0 (SPIO).
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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 configured as the receive pin RXCAN of the
Scalable Controller Area Network controller 0 ( CANO). It can be configured as the master input (during
master mode) or slave output pin (during slave mode) MISO for the Serial Peripheral Interface 0 (SPIO).

1.2.2.37 PM1/TXCANO — Port MI/O Pin 1

PM1 is a general purpose input or output pin. It can be configured 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 configured 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 configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as Pulse Width Modulator (PWM) channel 7 output. It
can be configured as serial clock pin SCK of the Serial Peripheral Interface 2 (SP12).

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 configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as Pulse Width Modulator (PWM) channel 6 output. It
can be configured as slave select pin SS of the Serial Peripheral Interface 2 (SPI2).

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 configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as Pulse Width Modulator (PWM) channel 5 output. It
can be configured as master output (during master mode) or slave input pin (during slave mode) MOSI of
the Serial Peripheral Interface 2 (SP12).

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 configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as Pulse Width Modulator (PWM) channel 4 output. It
can be configured as master input (during master mode) or slave output (during slave mode) pin MISO of
the Serial Peripheral Interface 2 (SP12).

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

PP3 is a general purpose input or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as Pulse Width Modulator (PWM) channel 3 output. It
can be configured as slave select pin SS of 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 configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as Pulse Width Modulator (PWM) channel 2 output. It
can be configured 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

PP1 is a general purpose input or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as Pulse Width Modulator (PWM) channel 1 output. It
can be configured as master output (during master mode) or slave input pin (during slave mode) MOSI of
the Serial Peripheral Interface 1 (SPII).

1.2.2.46 PPO/KWPO/PWMO/MISO1 — Port PI/OPin0

PPO is a general purpose input or output pin. It can be configured to generate an interrupt causing the MCU
to exit STOP or WAIT mode. It can be configured as Pulse Width Modulator (PWM) channel 0 output. It
can be configured 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 configured as the slave select pin SS of the Serial
Peripheral Interface 0 (SPIO0).

1.2.2.48 PS6/SCKO— Port S1/0Pin6

PS6 is a general purpose input or output pin. It can be configured as the serial clock pin SCK of the Serial
Peripheral Interface 0 (SPIO0).

1.2.2.49 PS5/MOSIO — Port S1/O Pin 5

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

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

PS4 is a general purpose input or output pin. It can be configured as master input (during master mode) or
slave output pin (during slave mode) MOSI of the Serial Peripheral Interface 0 (SPI0).

1.2.251 PS3/TXD1— Port S1/O Pin 3

PS3 is a general purpose input or output pin. It can be configured 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 configured 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 configured as the transmit pin TXD of Serial
Communication Interface 0 (SCIO).

1.2.254 PS0O/RXDO—PortS1/OPin0

PSO0 is a general purpose input or output pin. It can be configured as the receive pin RXD of Serial
Communication Interface 0 (SCIO).

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 configured as input capture or output
compare pins IOC7-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 I/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  Memory Map and Register Definition

1.3.1
Table 1-5 shows the device register map of the MC9S12K G128 after reset.

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 1

0x0019 Voltage Regulator (VREG) 1
0x001A-0x001B Device ID register (PARTID) 2
0x001C—-0x001F CORE (MEMSIZ, IRQ, HPRIO) 4
0x0020-0x002F CORE (DBG) 16
0x0030-0x0033 CORE (PPAGE, Port K) 4
0x0034-0x003F Clock and Reset Generator (PLL, RTI, COP) 12
0x0040-0x006F Standard Timer 16-bit 8 channels (TIM) 48
0x0070-0x007F Reserved 16
0x0080-0x00AF | Analog to Digital Converter 10-bit 16 channels (ATD) 48
0x00B0-0x00C7 Reserved 24
0x00C8—-0x00CF Serial Communications Interface 0 (SCI0) 8
0x00D0-0x00D7 Serial Communications Interface 1 (SCI1) 8
0x00D8—-0x00DF Serial Peripheral Interface 0 (SPIO) 8
0xO0EQ0-0x00E7 Inter Integrated Circuit Bus (IIC) 8
0xO00E8-0x00EF Reserved 8
0x00F0—0x00F7 Serial Peripheral Interface 1 (SPI1) 8
0x00F8—0x00FF Serial Peripheral Interface 2 (SPI2) 8
0x0100-0x010F Flash Control Register 16
0x0110- 0x011B EEPROM Control Register 12
0x011C-0x013F Reserved 36
0x0140-0x017F Scalable Controller Area Network 0 (CANO) 64
0x0180-0x023F Reserved 192
0x0240-0x027F Port Integration Module (PIM) 64
0x0280-0x02BF Scalable Controller Area Network 4 (CAN4) 64
0x02C0-0x02E7 Pulse Width Modulator 8-bit 8 channels (PWM) 40
0x02E8-0x03FF Reserved 280
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Figure 1-9 illustrates the full user configurable device memory map of MC9S12KG128.

0x0000
0x0000 Ox03FF
0x0400 0x0800
0x0800
0x1000 OXOFFF
0x2000

0x2000

OX3FFF
0x4000

0x4000

OX7FFF
0x8000 —

0x8000

EXT

OXBFFF
0xC000 0xC000

OXFFFF

OXFF00
OXEFO0 ' VECToRS 7| [ VECYOoRS | [ZECTORSY] 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—0x1FFF: 8K RAM (1K RAM hidden behind Register Space)
0x0000-0x07FF: 2K EEPROM (not visible)

1K Register Space

Mappable to any 2K Boundary
2K Bytes EEPROM

Mappable to any 2K Boundary
8K Bytes RAM

Mappable to any 8K Boundary

0.5K, 1K, 2K or 4K Protected Sector

16K Fixed Flash EEPROM

16K Page Window
eight * 16K Flash EEPROM Pages

16K Fixed Flash EEPROM

2K, 4K, 8K or 16K Protected Boot Sector

BDM
(If Active)

Figure 1-9. MC9S12KG128 Memory Map

MC9S12KG128 Data Sheet, Rev. 1.16

Freescale Semiconductor

39



Chapter 1 MC9S12KG128 Device Overview (MC9S12KG128V1)

Figure 1-10 illustrates the full user configurable device memory map of MC9S12KL 64 and

MC9S12KC64.
/ 0x0000 | 1K Register Space
0x03FF | Mappable to any 2K Boundary

cooco N N E—

0x0400 0x0800 | 1K Bytes EEPROM

0x0800 FP—"—"— - — — — p= = = ~ — — -1 Mappable to any 2K Boundary
0x1000 [) OxOFFF | (1K mapped two times in 2K Space)
0x3000 ___~ | 0x3000 | 4K Bytes RAM

0x3FFF | Mappable to any 4K Boundary

0x4000 A

0x4000 | 05K, 1K, 2K or 4K Protected Sector

OX7EEE 16K Fixed Flash EEPROM

0x8000 <

0x8000 | 16K Page Window
four * 16K Flash EEPROM Pages

EXT
OXBFFF
0xC000 0xC000 | 16K Fixed Flash EEPROM
(-)x-F-FI-:I; 2K, 4K, 8K or 16K Protected Boot Sector
OXFFO0 (B”DM ”
_____ . — . ctive
SXFEO0 ' VECTORS VECYORS 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
0x0000-0x0FFF: 4K RAM (1K RAM hidden behind Register Space)
0x0000-0x03FF: 1K EEPROM (not visible)

Figure 1-10. MC9S12KL(C)64 Memory Map
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Figure 1-11 illustrates the full user configurable device memory map of MC9S12KL.32.

/ 0x0000 | 1K Register Space
0X03FF

Mappable to any 2K Boundary

oo NN N

0x0400 0x0800 | 1K Bytes EEPROM
0x0800 =0 = E= = = E= = = - — — -1 Mappable to any 2K Boundary
0x1000 ) 0xOFFF | (1K mapped two times in 2K Space)
0x3FFF | Mappable to any 2K Boundar
0x4000 A PP Y Y
0x8000
0x8000
EXT

32K Fixed Flash EEPROM

oxFFFFE | 2K, 4K, 8K or 16K Protected Boot Sector

0xFFO00

BDM
_____ I N . If Active
OXEF00 " JECTORS VECYORS />ECTORY) oxere | ¢ )
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—-0x07FF: 2K RAM (1K RAM hidden behind Register Space)
0x0000-0x03FF: 1K EEPROM (not visible)

Figure 1-11. MC9S12KL32 Memory Map
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1.3.2 Detailed Register Map
The following tables show the detailed register map of the MC9S12KG128.

0x0000-0x000F 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
R
0x0000 PORTA " Bit 7 6 5 4 3 2 1 Bit 0
R . .
0x0001 PORTB W Bit 7 6 5 4 3 2 1 Bit O
R . .
0x0002 DDRA W Bit 7 6 5 4 3 2 1 Bit 0
R . .
0x0003 DDRB " Bit 7 6 5 4 3 2 1 Bit 0
R 0 0 0 0 0 0 0 0
0x0004 Reserved
w
R 0 0 0 0 0 0 0 0
0x0005 Reserved
w
R 0 0 0 0 0 0 0 0
0x0006 Reserved
wW
R 0 0 0 0 0 0 0 0
0x0007 Reserved
W
R . Bit 1 Bit 0
0x0008 PORTE W Bit 7 6 5 4 3 2
R . . 0 0
0x0009 DDRE " Bit 7 6 5 4 3 Bit 2
R 0 0 0
0x000A PEAR W NOACCE PIPOE NECLK LSTRE RDWE
R 0 0
0x000B MODE W MODC MODB MODA VIS EMK EME
R 0 0 0 0
0x000C PUCR " PUPKE PUPEE PUPBE PUPAE
R 0 0 0 0
0x000D RDRIV W RDPK RDPE RDPB RDPA
R 0 0 0 0 0 0 0
0x000E EBICTL W ESTR
R 0 0 0 0 0 0 0 0
0x000F Reserved "

MC9S12KG128 Data Sheet, Rev. 1.16

42 Freescale Semiconductor



Chapter 1 MC9S12KG128 Device Overview (MC9S12KG128V1)

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 O
R
0x0010 INTRM | RAM15 | RAM14 | RAMI3 | RAM12 | RAM11 0 0 RAMHAL
R 0 0 0 0
0x0011 INTRG REG14 | REG13 | REG12 | REG11
R 0 0
0x0012 INTEE | EE15 EE14 EE13 EE12 EE11 EEON
R 0 0 0 0
0x0013 MISC W EXSTR1 | EXSTRO | ROMHM | ROMON
R 0 0 0 0 0 0 0 0
0x0014 Reserved
w
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 Bit O
R 0 0 0
0x0015 ITCR W WRINT | ADR3 ADR?2 ADR1 ADRO
R
0x0016 ITEST | 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 O
0x0017 Reserved 0 0 0 0 0 0 0 0
0x0018-0x0018 Miscellaneous Peripherals (Device Guide)
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0 0 0 0 0 0 0 0
0x0018 Reserved
0x0019-0x0019 VREG3V3 (Voltage Regulator)
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0 0 0 0 0 LVDS
0x0019  VREGCTRL LVIE LVIF
0x001A—-0x001B Miscellaneous Peripherals (Device Guide)
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
R| D15 ID14 ID13 ID12 ID11 ID10 ID9 ID8
0x001A PARTIDH
R| D7 ID6 ID5 ID4 ID3 ID2 ID1 IDO
0x001B PARTIDL
w
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0x001C-0x001D MMC Map 3 of 4 (HCS12 Module Mapping Control, Device Guide)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R|r Wi w1 W ram_sw2 | ram_swl | ram_sw
0x001C MEMSIZO0 W eg_sw0 0 eep_s eep_sw0 0 am_s am_s am_sw0
R| rom_swl | rom_swO 0 0 0 0 pag_swl | pag_sw0
0x001D MEMSIZ1 W

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
0 0 0 0 0 0

R
0x001E INTCR " IRQE IRQEN

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

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

R
0x001F HPRIO W PSEL7 PSEL6 PSELS5 PSEL4 PSEL3 PSEL2 PSEL1

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

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
DBGC1 R 0
0x0020 W DBGEN ARM TRGSEL BEGIN DBGBRK CAPMOD
DBGSC R AF BF CF 0
0x0021 TRG
— W
DBGTBH R Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
0x0022
— W
DBGTBL R Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x0023
— w
DBGCNT R TBF 0 CNT
0x0024
— W
DB X R
0x0025 Gee W PAGSEL EXTCMP
DBGCCH R . .
0x0026 W Bit 15 14 13 12 11 10 9 Bit 8
DBGCCL R . .
0x0027 W Bit 7 6 5 4 3 2 1 Bit O
DBGC2 R
0x0028 BKABEN FULL BDM TAGAB BKCEN TAGC RWCEN RWC
BKPCTO W
DBGC3 R
0x0029 BKAMBH | BKAMBL | BKBMBH | BKBMBL | RWAEN RWA RWBEN RWB
BKPCT1 w
DBGCAX R
0x002A PAGSEL EXTCMP
BKPOX W
DBGCAH R . .
0x002B Bit 15 14 13 12 11 10 9 Bit 8
BKPOH W
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0x0020—-0x002F DBG Map 1 of 1 (HCS12 Debug) (continued)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
DBGCAL R _ .
0x002C Bit 7 6 5 4 3 2 1 Bit 0
BKPOL w
0x002D DBGCBX R PAGSEL EXTCMP
BKP1X w
DBGCBH R
0x002E Bit 15 14 13 12 11 10 9 Bit 8
BKP1H W
DBGCBL R _ .
OX002F Bit 7 6 5 4 3 2 1 Bit 0
BKP1L w
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 V'T/ 0 0 PIX5 PIX4 PIX3 PIX2 PIX1 PIX0
R 0 0 0 0 0 0 0 0
0x0031 Reserved
w
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 O
R
0x0032 PORTK W Bit 7 6 5 4 3 2 1 Bit O
R _ .
0x0033 DDRK W Bit 7 6 5 4 3 2 1 Bit O
0x0034-0x003F CRG (Clock and Reset Generator)
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
R 0 0
0x0034 SYNR W SYN5 SYN4 SYN3 SYN2 SYN1 SYNO
R 0 0 0 0
0x0035 REFDV W REFDV3 | REFDV2 | REFDV1 | REFDVO
0x0036 CTELG R| TouT7 | TouTe | TouTs | TouT4 | TOUT3 | TOUT2 | TOUT1 | TOUTO
X TESTONLY W
R 0 LOCK TRACK SCM
0x0037 CRGFLG W RTIF PROF LOCKIF SCMIF
R
0x0038 CRGINT W RTIE 0 0 LOCKIE 0 0 SCMIE 0
R
0x0039 CLKSEL W PLLSEL | PSTP | SYSWAI | ROAWAI | PLLWAI CWAI RTIWAI | COPWAI
R 0
0x003A PLLCTL W CME PLLON AUTO ACQ PRE PCE SCME
R 0
0x003B RTICTL W RTR6 RTR5 RTR4 RTR3 RTR2 RTR1 RTRO
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0x0034—-0x003F CRG (Clock and Reset Generator) (continued)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
R 0 0 0
0x003C COPCTL W WCOP RSBCK CR2 CR1 CRO
FORBYP R 0 0 0 0
0x003D TESTONLY W RTIBYP | COPBYP PLLBYP FCM
OX003E CTCTL R| TCTLY7 TCTL6 TCTL5 TCTL4 TCLT3 TCTL2 TCTL1 TCTLO
X TESTONLY W
R 0 0 0 0 0 0 0 0
0x003F ARMCOP - -
W Bit 7 6 5 4 3 2 1 Bit 0

0x0040-0x006FTIM (Timer 16 Bit 8 Channels) (Sheet 1 of 3)

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

0x0040 TIOS wl 107 l0S6 lOS5 0S4 l0S3 10S2 lOS1 10S0
R 0 0 0 0 0 0 0 0

0x0041 CFORC
w| Foc7 FOC6 FOC5 FOC4 FOC3 FOC2 FOC1 FOCO
R

0x0042 oc7M | OC7M7 | OC7M6 | OC7M5 | OC7M4 | OC7M3 | OC7M2 | OC7M1 | OC7MO
R

0x0043 oc7p | OC7D7 | OC7D6 | OC7D5 | OC7D4 | OC7D3 | OC7D2 | OC7D1 | OC7DO
. R| BIit15 14 13 12 11 10 9 Bit 8

0x0044 TCNT (h)
R| Bit7 6 5 4 3 2 1 Bit O

0x0045 TCNT (lo)
W
R 0 0 0 0

0x0046 TSCRL | TEN TSWAI | TSFRZ | TFFCA
R

0x0047 TTOV wl TOV7 TOV6 TOV5 TOV4 TOV3 TOV2 Tovi TOVO
R

0x0048 TeTl o f o7 oL7 OoM6 oL6 OoM5 oL5 OoM4 oL4
R

0x0049 TcTlz 1 OM3 oL3 om2 oL2 om1 oL1 OMO oLo
R

0x004A TCTL3 | | EDG7B | EDG7A | EDG6B | EDG6A | EDGSB | EDG5A | EDG4B | EDGAA
R

0x004B TCTL4 | EDG3B | EDG3A | EDG2B | EDG2A | EDGIB | EDGIA | EDGOB | EDGOA
R

0x004C TIE wl 7 ceél Csl cal c3l c2l c1l col
R 0 0 0

0x004D TscrRz | TOI TCRE PR2 PR1 PRO
R

Ox004E TFLGL | C7F C6F C5F C4F C3F C2F CI1F COF
R 0 0 0 0 0 0 0

0X004F TFLG2 | TOF
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0x0040—-0x006FTIM (Timer 16 Bit 8 Channels) (Sheet 2 of 3)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
R
0x0050 TCO (hi) W Bit 15 14 13 12 11 10 9 Bit 8
R , .
0x0051 TCO (lo) W Bit 7 6 5 4 3 2 1 Bit 0
R
0x0052 TC1 (hi) W Bit 15 14 13 12 11 10 9 Bit 8
R . .
0x0053 TC1 (lo) W Bit 7 6 5 4 3 2 1 Bit 0
. R . .
0x0054 TC2 (hi) W Bit 15 14 13 12 11 10 9 Bit 8
R ) .
0x0055 TC2 (lo) W Bit 7 6 5 4 3 2 1 Bit 0
. R . )
0x0056 TC3 (hi) W Bit 15 14 13 12 11 10 9 Bit 8
R , .
0x0057 TC3 (lo) W Bit 7 6 5 4 3 2 1 Bit 0
R
0x0058 TC4 (hi) W Bit 15 14 13 12 11 10 9 Bit 8
R . .
0x0059 TC4 (lo) W Bit 7 6 5 4 3 2 1 Bit 0
. R . .
0Ox005A TC5 (hi) W Bit 15 14 13 12 11 10 9 Bit 8
R ) .
0x005B TC5 (lo) W Bit 7 6 5 4 3 2 1 Bit 0
. R . )
0x005C TC6 (hi) W Bit 15 14 13 12 11 10 9 Bit 8
R , .
0x005D TC6 (lo) W Bit 7 6 5 4 3 2 1 Bit 0
R
0x005E TC7 (hi) W Bit 15 14 13 12 11 10 9 Bit 8
R . .
0x005F TC7 (lo) W Bit 7 6 5 4 3 2 1 Bit 0
R 0
0x0060 PACTL W PAEN PAMOD PEDGE CLK1 CLKO PAQVI PAI
R 0 0 0 0 0 0
0x0061 PAFLG W PAOVF PAIF
. R . .
0x0062 PACNT (hi) W Bit 7 6 5 4 3 2 1 Bit 0
R , .
0x0063 PACNT (lo) W Bit 7 6 5 4 3 2 1 Bit 0
R 0 0 0 0 0 0 0 0
0x0064 Reserved
w
R 0 0 0 0 0 0 0 0
0x0065 Reserved
W
R 0 0 0 0 0 0 0 0
0x0066 Reserved
W
MC9S12KG128 Data Sheet, Rev. 1.16
Freescale Semiconductor 47



A 4
4\

Chapter 1 MC9S12KG128 Device Overview (MC9S12KG128V1)

0x0040—-0x006FTIM (Timer 16 Bit 8 Channels) (Sheet 3 of 3)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R 0 0 0 0 0 0 0 o
0x0067 Reserved
W
R
0x0068  Reserved 0 0 0 0 0 0 0 0
W
0x0069  Reserved | 0 0 0 0 0 0 0
W
R 0 0 0 0 0 0 0 o
0x006A Reserved
W
R
0X006B  Reserved 0 0 0 0 0 0 0 0
0x006C  Reserved  |— > 0 0 0 0 0 0 0
W
R 0 0 0 0 0 0 o 0
0x006D Reserved
\W
R
OX006E  Reserved 0 0 0 0 0 0 0 0
R 0 0 0 0 0 0 0 0
0x006F Reserved W

0x0070-0x007FReserved Space

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x0070- g R 0 0 0 0 0 0 0 0
OX007F eserve

0x0080-0x00AF ATD (Analog to Digital Converter 10 Bit 16 Channel)

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

0x0080 ATDCTLO W WRAP3 WRAP2 WRAP1 WRAPO
R 0 0 0

0x0081 ATDCTL1 W ETRIGSEL ETRIGCH3 | ETRIGCH2 | ETRIGCH1 | ETRIGCHO
R ASCIF

0x0082 ATDCTL2 W ADPU AFFC AWAI ETRIGLE | ETRIGP ETRIG ASCIE
R 0

0x0083 ATDCTL3 W S8C S4C S2C Si1C FIFO FRZ1 FRZ0
R

0x0084 ATDCTL4 W SRESS SMP1 SMPO PRS4 PRS3 PRS2 PRS1 PRSO
R 0

0x0085 ATDCTL5 W DJM DSGN SCAN MULT CcC CB CA
R 2 1

0x0086 ATDSTATO W SCF 0 ETORF FIFOR 0 cc cc cCo
R 0 0 0 0 0 0 0 0

0x0087 Reserved W
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Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
R[C 0 0 0 0 0 0 0 0
0x0088  ATDTESTO
R o 0 0 0 0 0
0x0089  ATDTESTL 0 sc
R[ CCF15 | CCF14 | CCF13 | CCF12 | CCFi1 | CCF10 | CCF9 | CCFs
0x008A  ATDSTATO
R[  CCF7 | CCF6 | CCF5 | CCF4 | CCF3 | CCF2 | CCF1 | CCFo
0x008B  ATDSTATL
R
0x008C  ATDDIENL | IEN1S | IEN14 | IENI3 | IEN12 | IENLL | IEN1O IEN9 IENS
R
0x008D  ATDDIENO | IEN7 IENG IENS IEN4 IEN3 IEN2 IEN1 IENO
R[ PTAD15 | PTAD14 | PTAD13 | PTAD12 | PTAD11 | PTADIO | PTAD9 | PTADS
0X008E  PORTADL
R[ PTAD7 | PTAD6 | PTAD5 | PTAD4 | PTAD3 | PTAD2 | PTADL | PTADO
0X008F  PORTADO
R Bit15 14 13 12 11 10 9 Bit 8
0x0080  ATDDROM ! !
R[ Bit7 Bit 6 0 0 0 0 0 0
0x0091  ATDDROL
R[ Bit1 14 1 12 11 1 Bi
0x0092  ATDDRIH it15 8 0 9 I8
R Bit7 Bit 6 0 0 0 0 0 0
0x0083  ATDDRIL ! !
R[ Bit15 14 13 12 11 10 9 Bit 8
0x0094  ATDDRZH
R[ Bit7 Bi
0x0095  ATDDRZL It It6 0 0 0 0 0 0
R Bit15 14 13 12 11 10 9 Bit 8
0x0086  ATDDR3H ! !
R[ Bit7 Bit 6 0 0 0 0 0 0
0x0097  ATDDRSL
R[ Bit1 14 1 12 11 1 Bi
0x0098  ATDDRAH it15 8 0 9 I8
R Bit7 Bit 6 0 0 0 0 0 0
0x0099  ATDDRAL ! !
R[ Bit15 14 13 12 11 10 9 Bit 8
0X009A  ATDDRSH
R[ Bit7 Bi
0x0098  ATDDRSL It It6 0 0 0 0 0 0
Rl Bit15 14 13 12 11 10 9 Bit 8
0x009C  ATDDR6H : !
R[ Bit7 Bit 6 0 0 0 0 0 0
0x009D  ATDDRGL
R[ Bit1 14 1 12 11 1 Bi
OX009E  ATDDR7H it15 3 0 9 I8
W
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0x0080—-0x00AF ATD (Analog to Digital Converter 10 Bit 16 Channel) (continued)

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

R[ Bit7 Bit 6 0 0 0 0 0 0
0X009F  ATDDR7L

R[ Bit1 14 1 12 11 1 Bi
0X00A0  ATDDRSH it15 3 0 9 I8

R[ Bit7 Bit 6 0 0 0 0 0 0
0X00AL ~ ATDDRSL ! !

R[ Bit15 14 13 12 11 10 9 Bit 8
0X00A2  ATDDRSH

R[ Bit7 Bi
0X00A3 ~ ATDDROL It It6 0 0 0 0 0 0

Rl Bit15 14 13 12 11 10 9 Bit 8
0x00A4  ATDDRIOH

R[ Bit7 Bit 6 0 0 0 0 0 0
0X00AS ~ ATDDRIOL

R[ Bit1 14 1 12 11 1 Bi
0X00A6  ATDDRLIH it15 3 0 9 it8

R[ Bit7 Bit 6 0 0 0 0 0 0
0X00A7  ATDDRILL

R[ Bit15 14 13 12 11 10 9 Bit 8
0X00A8  ATDDRIZH

R[ Bit7 Bi
0x00A9  ATDDRIZL It It6 0 0 0 0 0 0

Rl Bit15 14 13 12 11 10 9 Bit 8
0X00AA  ATDDRISH

R[ Bit7 Bit 6 0 0 0 0 0 0
0X00AB  ATDDRI3L

R[ Bit1 14 1 12 11 1 Bi
0X00AC ~ ATDDRI4H it15 3 0 9 it8

R Bit7 Bit 6 0 0 0 0 0 0
0X00AD ~ ATDDRIAL

R[ Bit15 14 13 12 11 10 9 Bit 8
0X00AE  ATDDRISH

R[ Bit7 Bi
0X00AF  ATDDRISL It It6 0 0 0 0 0 0

0x00B0-0x00C7 Reserved space

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0X00BO0— R[ o 0 0 0 0 0 0 0

Reserved

0x00C7
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0x00C8-0x00CF SCIO0 (Asynchronous Serial Interface)

Address Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R 0 0 0
0x00C8 SCIOBDH W SBR12 SBR11 SBR10 SBR9 SBR8
R
0x00C9 SCIOBDL | SBR7 SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SBRO
R
0x00CA SCIOCR1L | LOOPS | SCISWAI| RSRC M WAKE LT PE PT
R
0x00CB SCIOCR2 W TIE TCIE RIE ILIE TE RE RWU SBK
R| TDRE TC RDRF IDLE OR NF FE PF
0x00CC SCIOSRL
R 0 0 0 0 0 RAF
0x00CD SClosR2 BRK13 | TXDIR
R| RS 0 0 0 0 0 0
Ox00CE ~ SCIODRH T8
R| R7 R6 R5 R4 R3 R2 R1 RO
0x00CF SCIODRL
wl T7 T6 T5 T4 T3 T2 T1 TO
0x00D0-0x00D7 SCI1 (Asynchronous Serial Interface)
Address Name Bit 7 Bit 6 Bit5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R 0 0 0
0x00DO0 SCI1BDH W SBR12 SBR11 SBR10 SBR9 SBR8
R
0x00D1 SCI1BDL | | SBR7 SBR6 SBR5 SBR4 SBR3 SBR2 SBR1 SBRO
R
0x00D2 SCIICR1 | LOOPS | SCISWAI| RSRC M WAKE LT PE PT
R
0x00D3 SCI1CR2 W TIE TCIE RIE ILIE TE RE RWU SBK
R| TDRE TC RDRF IDLE OR NF FE PF
0x00D4 SCI1SR1
w
R 0 0 0 0 0 RAF
0x00D5 SClisRz BRK13 | TXDIR
R R
0x00D6 SCI1DRH W 8 T8 0 0 0 0 0 0
R| R7 R6 R5 R4 R3 R2 R1 RO
0x00D7 SCI1DRL
wl T7 T6 T5 T4 T3 T2 T1 TO
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0x00D8-0x00DF SPIO (Serial Peripheral Interface)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R
0x00D8 SPIOCR1 W SPIE SPE SPTIE MSTR CPOL CPHA SSOE LSBFE
R 0 0 0 0
0x00D9 SPIOCR2 W MODFEN | BIDIROE SPISWAI SPCO
R 0 0
0x00DA SPIOBR W SPPR2 SPPR1 SPPRO SPR2 SPR1 SPRO
R PIF PTEF MODF
0x00DB SPIOSR S 0 S © 0 0 0 0
W
R 0 0 0 0 0 0 0 0
0x00DC Reserved
w
R . .
0x00DD SPIODR W Bit 7 6 5 4 3 2 1 Bit 0
R 0 0 0 0 0 0 0 0
0x00DE Reserved
W
R 0 0 0 0 0 0 0 0
0x00DF Reserved W

0x00EO-0x00E7 IIC (Inter IC Bus)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R
0x00EO IBAD W ADR7 ADRG6 ADR5 ADR4 ADR3 ADR2 ADR1 0
R
Ox00E1 IBFD W IBC7 IBC6 IBC5 IBC4 IBC3 IBC2 IBC1 IBCO
R __ __ 0 0
0x00E2 IBCR IBEN IBIE MS/SL TX/RX TXAK IBSWAI
W RSTA
R TCF IAA IBB RwW RXAK
0x00E3 IBSR W c S IBAL 0 S IBIF
R
0x00E4 IBDR W D7 D6 D5 D4 D3 D2 D1 DO
R 0 0 0 0 0 0 0 0
0x00E5 Reserved
W
R 0 0 0 0 0 0 0 0
0x00E6 Reserved
W
R 0 0 0 0 0 0 0 0
0Ox00E7 Reserved W

0x00E8-0x00EF Reserved Space

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
OX00EB- , R 0 0 0 0 0 0 0 0
OXO0EF eserve
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Chapter 1 MC9S12KG128 Device Overview (MC9S12KG128V1)

0x00F0—-0x00F7 SPI1 (Serial Peripheral Interface)

Address

0x00FO0

0x00F1

0x00F2

0x00F3

0OxO00F4

0x00F5

0x00F6

O0x00F7

Name

SPI1CR1

SPI1CR2

SPI1BR

SPI1ISR

Reserved

SPI1IDR

Reserved

Reserved

S UTSUVSUVSVTSVSHVDSIHVEST

0x00F8—-0x00FF SPI2 (Serial Peripheral Interface)

Address

0x00F8

0x00F9

OxO00FA

0x00FB

0x00FC

0x00FD

0Ox00FE

OxO00FF

0x0100-0x010F Flash Control Register

Address

0x0100

0x0101

Name

SPI2CR1

SPI2CR2

SPI2ZBR

SPI2SR

Reserved

SPI2DR

Reserved

Reserved

Name

FCLKDIV

FSEC

S UTSUVSTVSVTSVSHVDSITVST

R
w
R
W

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
SPIE SPE SPTIE MSTR CPOL CPHA SSOE LSBFE
0 0 0 0
MODFEN | BIDIROE SPISWAI SPCO
0 0
SPPR2 SPPR1 SPPRO SPR2 SPR1 SPRO
SPIF 0 SPTEF MODF 0 0 0 0
0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 Bit O
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
SPIE SPE SPTIE MSTR CPOL CPHA SSOE LSBFE
0 0 0 0
MODFEN | BIDIROE SPISWAI SPCO
0 0
SPPR2 SPPR1 SPPRO SPR2 SPR1 SPRO
SPIF 0 SPTEF MODF 0 0 0 0
0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 Bit O
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
FDIVLD
PRDIV8 FDIV5 FDIV4 FDIV3 FDIV2 FDIV1 FDIVO
KEYEN RNVS RNV4 RNV3 RNV2 SEC
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Chapter 1 MC9S12KG128 Device Overview (MC9S12KG128V1)

0x0100-0x010F Flash Control Register (continued)

Address

0x0102

0x0103

0x0104

0x0105

0x0106

0x0107

0x0108

0x0109

0x010A

0x010B

0x010C

0x010D

0x010E

0x010F

Name

FTSTMOD

FCNFG

FPROT

FSTAT

FCMD

Reserved

FADDRHI

FADDRLO

FDATAHI

FDATALO

Reserved

Reserved

Reserved

Reserved

S TS0V SUVSTVSVSVDSVDSHVSVSVSDVDSHVSTVEST

0x0110-0x011B EEPROM Control Register

Address

0x0110

0x0111

0x0112

0x0113

0x0114

0x0115

Name

ECLKDIV

Reserved

Reserved for
Factory Test

ECNFG

EPROT

ESTAT

STSTVTSTVSTVTSTET

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0 0 0 0 0 0 0
FDFD
CBEIE CCIE KEYACC 0 DFDIE 0 0 0
RNV6
FPOPEN FPHDIS FPHS FPLDIS FPLS
CCIF BLANK 0 0
CBEIF PVIOL | ACCERR | DFDIF
0 CMDB
0 0 0 0 0 0 0 0
FADDRHI
FADDRLO
FDATAHI
FDATALO
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
EDIVLD
PRDIV8 EDIV5 EDIV4 EDIV3 EDIV2 EDIV1 EDIVO
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0
CBEIE CCIE
NV6 NV5 NVv4
EPOPEN EPDIS EP2 EP1 EPO
CCIF 0 0 0
CBEIF PVIOL | ACCERR BLANK
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Chapter 1 MC9S12KG128 Device Overview (MC9S12KG128V1)

0x0110-0x011B EEPROM Control Register (continued)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
R 0 0 0 0
0x0116 ECMD W CMDB6 CMDB5 CMDB2 CMDBO
Reserved for R 0 0 0 0 0 0 0 0
0x0117 Factory Test W
R 0 0 0 0 0
0x0118 EADDRHI W 10 9 Bit 8
R . )
0x0119 EADDRLO W Bit 7 6 5 4 3 2 1 Bit 0
R
0x011A EDATAHI W Bit 15 14 13 12 11 10 9 Bit 8
R . .
0x011B EDATALO W Bit 7 6 5 4 3 2 1 Bit 0
0x011C—-0x013F Reserved Space
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
0x011C- R q 0 0 0 0 0 0 0 0
0X013F eserve
0x0140-0x017F CANO (MSCAN)
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
R RXACT SYNCH
0x0140 CANOCTLO W RXFRM CSWAI TIME WUPE SLPRQ INITRQ
R 0 SLPAK INITAK
0x0141 CANOCTL1 W CANE CLKSRC | LOOPB LISTEN WUPM
R
0x0142 CANOBTRO W SJwi SJWO0 BRP5 BRP4 BRP3 BRP2 BRP1 BRPO
R
0x0143 CANOBTR1 W SAMP TSEG22 | TSEG21 | TSEG20 | TSEG13 | TSEG12 | TSEG11 | TSEG10
R RSTAT1 RSTATO TSTAT1 TSTATO
0x0144 CANORFLG W WUPIF CSCIF OVRIF RXF
R
0x0145 CANORIER W WUPIE CSCIE RSTATEL | RSTATEO | TSTATEL1 | TSTATEO OVRIE RXFIE
R
0x0146 CANOTFLG W 0 0 0 0 0 TXE2 TXE1l TXEO
R 0 0 0 0 0
0x0147 CANOTIER W TXEIE2 TXEIE1 TXEIEO
R 0 0 0 0 0
0x0148 CANOTARQ W ABTRQ2 | ABTRQ1 | ABTRQO
R 0 0 0 0 0 ABTAK2 | ABTAK1 | ABTAKO
0x0149 CANOTAAK "
R 0 0 0 0 0
0x014A CANOTBSEL W TX2 X1 TXO0
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Chapter 1 MC9S12KG128 Device Overview (MC9S12KG128V1)

0x0140-0x017F CANO (MSCAN)

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

0 0 0 IDHIT2 IDHIT1 IDHITO
0x014B CANOIDAC IDAM1 IDAMO

0 0 0 0 0 0 0 0
0x014C Reserved

0 0 0 0 0 0 0 0

0x014D Reserved

RXERR7 | RXERR6 | RXERRS | RXERR4 | RXERR3 | RXERR2 | RXERR1 | RXERRO
0x014E  CANORXERR

TXERR7 | TXERR6 | TXERR5 | TXERR4 | TXERR3 | TXERR2 | TXERR1 | TXERRO
0x014F CANOTXERR

0x0150- CANOIDARO-

S TS0V SUVSTVSVSVDSVDSHVSTVSUVED

0x0153 CANOIDAR3 AC7 AC6 AC5 AC4 AC3 AC2 AC1 ACO
0x0154- CANOIDMRO-
OXO157 CANOIDMR3 AM7 AM6 AM5 AM4 AM3 AM2 AM1 AMO
0x0158- CANOIDAR4—
0x015B CANOIDAR? AC7 AC6 AC5 AC4 AC3 AC2 AC1 ACO
0x015C- CANOIDMR4-
OXO15F CANOIDMR7 AM7 AM6 AM5 AM4 AM3 AM2 AM1 AMO
%);%11%0; CANORXEG FOREGROUND RECEIVE BUFFER (see Table 1-6)
%Xx%11770|:_ CANOTXFG FOREGROUND TRANSMIT BUFFER (see Table 1-6)
Table 1-6. 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 R ID28 ID27 ID26 ID25 ID24 ID23 ID22 ID21
0x00 Standard ID R ID10 ID9 ID8 ID7 ID6 ID5 ID4 ID3
CANXRIDRO W
Extended ID R ID20 ID19 ID18 SRR=1 IDE=1 ID17 ID16 ID15
0x01 Standard ID R ID2 ID1 IDO RTR IDE=0
CANXRIDR1 W
Extended ID R ID14 ID13 ID12 ID11 ID10 ID9 ID8 ID7
0x02 Standard ID R
CANXRIDR2 W
Extended ID R ID6 ID5 ID4 ID3 ID2 ID1 IDO RTR
0x03 Standard ID R
CANXRIDR3 W
0x04—  CANxXRDSRO- R DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
0x0B CANXRDSR7 W
R DLC3 DLC2 DLC1 DLCO
0x0C CANRXDLR
w
R
0x0D Reserved W
R| TSR15 TSR14 TSR13 TSR12 TSR11 TSR10 TSR9 TSR8
Ox0E CANXRTSRH W
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Table 1-6. 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 O
R TSR7 TSR6 TSR5 TSR4 TSR3 TSR2 TSR1 TSRO
OxO0F CANXRTSRL W
Extended ID R
ID28 ID27 ID26 ID25 ID24 ID23 ID22 ID21
CANXTIDRO W
0x10
Standard ID R
W ID10 ID9 D8 ID7 ID6 ID5 D4 ID3
Extended ID R
X ID20 ID19 ID18 SRR=1 IDE=1 ID17 ID16 ID15
CANXTIDR1 W
0x10
Standard ID R
W ID2 ID1 IDO RTR IDE=0
Extended ID R
ID14 ID13 ID12 ID11 ID10 D9 D8 ID7
0x12 CANXTIDR2 W
Standard ID R
W
Extended ID R
ID6 ID5 ID4 ID3 1D2 ID1 IDO RTR
CANXTIDR3 W
0x13
Standard ID R
W
Ox14— CANXTDSRO- R
Ox1B CANXTDSR7 W DB7 DB6 DB5 DB4 DB3 DB2 DB1 DBO
R
0x1C CANXTDLR W DLC3 DLC2 DLC1 DLCO
R
0x1D CONXTTBPR W PRIO7 PRIOG6 PRIO5 PRIO4 PRIO3 PRIO2 PRIO1 PRIOO
R| TSR15 TSR14 TSR13 TSR12 TSR11 TSR10 TSR9 TSRS8
Ox1E CANXTTSRH W
R TSR7 TSR6 TSR5 TSR4 TSR3 TSR2 TSR1 TSRO
Ox1F CANXTTSRL
W
0x0180—-0x023F Reserved Space
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
0x0180- R q 0 0 0 0 0 0 0 0
0X023F eserve
0x0240-0x027F PIM (Port Integration Module) (Sheet 1 of 3)
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
R
0x0240 PTT W PTT7 PTT6 PTT5 PTT4 PTT3 PTT2 PTT1 PTTO
R PTIT7 PTIT6 PTITS PTIT4 PTIT3 PTIT2 PTIT1 PTITO
0x0241 PTIT
W
R
0x0242 DDRT W DDRT7 DDRT7 DDRT5 DDRT4 DDRT3 DDRT2 DDRT1 DDRTO
MC9S12KG128 Data Sheet, Rev. 1.16
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0x0240-0x027F PIM (Port Integration Module) (Sheet 2 of 3)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
0x0243 RDRT RDRT7 RDRT6 RDRT5 RDRT4 RDRT3 RDRT2 RDRT1 RDRTO
0x0244 PERT PERT7 PERT6 PERT5 PERT4 PERT3 PERT2 PERT1 PERTO
0x0245 PPST PPST7 PPST6 PPST5 PPST4 PPST3 PPST2 PPST1 PPSTO

0 0 0 0 0 0 0 0

0x0246 Reserved
0x0247 Reserved 0 0 0 0 0 0 0 0
0x0248 PTS PTS7 PTS6 PTS5 PTS4 PTS3 PTS2 PTS1 PTSO

PTIS7 PTIS6 PTIS5 PTIS4 PTIS3 PTIS2 PTIS1 PTISO
0x0249 PTIS
0x024A DDRS DDRS7 DDRS7 DDRS5 DDRS4 DDRS3 DDRS2 DDRS1 DDRSO
0x024B RDRS RDRS7 RDRS6 RDRS5 RDRS4 RDRS3 RDRS2 RDRS1 RDRSO
0x024C PERS PERS7 PERS6 PERS5 PERS4 PERS3 PERS2 PERS1 PERSO
0x024D PPSS PPSS7 PPSS6 PPSS5 PPSS4 PPSS3 PPSS2 PPSS1 PPSS0O
0x024E WOMS WOMS7 | WOMS6 | WOMS5 | WOMS4 | WOMS3 | WOMS2 | WOMS1 | WOMSO0

0x024F Reserved

S UVSNSIVSESVSEVDSVDSVSTVSVSVsnsnnsSsSTVSEVSUVSTVSTVTSTH|snwnsnwsSsIWWSIUVED

0x0250 PTM PTM7 PTM6 PTM5 PTM4 | PTM3 PTM2 PTM1 PTMO
PTIM7 | PTIM6 | PTIM5 | PTIM4 | PTIM3 | PTIM2 | PTIM1 | PTIMO
0x0251 PTIM
0x0252 DDRM DDRM7 | DDRM7 | DDRM5 | DDRM4 | DDRM3 | DDRM2 | DDRM1 | DDRMO
0x0253 RDRM RDRM7 | RDRM6 | RDRM5 | RDRM4 | RDRM3 | RDRM2 | RDRM1 | RDRMO
0x0254 PERM PERM7 | PERM6 | PERM5 | PERM4 | PERM3 | PERM2 | PERM1 | PERMO
0x0255 PPSM PPSM7 | PPSM6 | PPSM5 | PPSM4 | PPSM3 | PPSM2 | PPSM1 | PPSMO
0x0256 WOMM WOMM?7 | WOMM6 | WOMM5 | WOMM4 | WOMM3 | WOMM2 | WOMM1 | WOMMO
0
0x0257 MODRR MODRR6 | MODRR5 | MODRR4 | MODRR3 | MODRR2 | MODRR1 | MODRRO
0x0258 PTP PTP7 PTP6 PTP5 PTP4 PTP3 PTP2 PTP1 PTPO
PTIP7 | PTIP6 | PTIP5 | PTIP4 | PTIP3 | PTIP2 | PTIP1 | PTIPO
0x0259 PTIP
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Chapter 1 MC9S12KG128 Device Overview (MC9S12KG128V1)

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

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
R

0x025A DDRP W DDRP7 DDRP7 DDRP5 DDRP4 DDRP3 DDRP2 DDRP1 DDRPO
R

0x025B RDRP W RDRP7 RDRP6 RDRP5 RDRP4 RDRP3 RDRP2 RDRP1 RDRPO
R

0x025C PERP W PERP7 PERP6 PERP5 PERP4 PERP3 PERP2 PERP1 PERPO
R

0x025D PPSP W PPSP7 PPSP6 PPSP5 PPSP4 PPSP3 PPSP2 PPSP1 PPSSO
R

0x025E PIEP W PIEP7 PIEP6 PIEP5 PIEP4 PIEP3 PIEP2 PIEP1 PIEPO
R

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

0x0260 PTH W PTH7 PTH6 PTH5 PTH4 PTH3 PTH2 PTH1 PTHO
R| PTIH7 PTIH6 PTIH5 PTIH4 PTIH3 PTIH2 PTIH1 PTIHO

0x0261 PTIH
W
R

0x0262 DDRH W DDRH7 DDRH7 DDRH5 DDRH4 DDRH3 DDRH2 DDRH1 DDRHO
R

0x0263 RDRH W RDRH7 RDRH6 RDRH5 RDRH4 RDRH3 RDRH2 RDRH1 RDRHO
R

0x0264 PERH W PERH7 PERH6 PERH5 PERH4 PERH3 PERH2 PERH1 PERHO
R

0x0265 PPSH W PPSH7 PPSH6 PPSH5 PPSH4 PPSH3 PPSH2 PPSH1 PPSHO
R

0x0266 PIEH W PIEH7 PIEH6 PIEH5 PIEH4 PIEH3 PIEH2 PIEH1 PIEHO
R

0x0267 PIFH W PIFH7 PIFH6 PIFH5 PIFH4 PIFH3 PIFH2 PIFH1 PIFHO
R 0 0 0 0

0x0268 PTJ W PTJ7 PTJ6 PTJ1 PTJO
R PTIJ7 PTIJ6 0 0 0 0 PTIJ1 PTIJO

0x0269 PTIJ
W
R 0 0 0 0

0x026A DDRJ W DDRJ7 DDRJ7 DDRJ1 DDRJO
R 0 0 0 0

0x026B RDRJ W RDRJ7 RDRJ6 RDRJ1 RDRJO
R 0 0 0 0

0x026C PERJ W PERJ7 PERJ6 PERJ1 PERJO
R 0 0 0 0

0x026D PPSJ W PPSJ7 PPSJ6 PPSJ1 PPSJO
R 0 0 0 0

0x026E PIEJ W PIEJ7 PIEJ6 PIEJ1 PIEJO
R 0 0 0 0

0x026F PIFJ W PIFJ7 PIFJ6 PIFJ1 PIFJO

0x0270-

OX027F Reserved R
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Chapter 1 MC9S12KG128 Device Overview (MC9S12KG128V1)

0x0280-0x02BF CAN4 (MSCAN)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
RXACT SYNCH
0x0280 CANA4CTLO RXFRM CSWAI TIME WUPE SLPRQ INITRQ
0 SLPAK INITAK
0x0281 CAN4CTL1 CANE CLKSRC | LOOPB | LISTEN WUPM

0x0282 CAN4BTRO Siwi SJWO0 BRP5 BRP4 BRP3 BRP2 BRP1 BRPO

0x0283 CAN4BTR1 SAMP TSEG22 | TSEG21 | TSEG20 | TSEG13 | TSEG12 | TSEG11 | TSEG10

RSTAT1 | RSTATO | TSTAT1 | TSTATO

0x0284 CAN4RFLG WUPIF CSCIF OVRIF RXF

0x0285 CAN4RIER WUPIE CSCIE | RSTATE1 | RSTATEO | TSTATE1 | TSTATEO | OVRIE RXFIE

0x0286 CANATFLG 0 0 0 0 0 TXE2 TXE1l TXEO
0 0 0 0 0
0x0287 CANA4TIER TXEIE2 TXEIE1 TXEIEO
0 0 0 0 0
0x0288 CAN4TARQ ABTRQ2 | ABTRQ1 | ABTRQO
ABTAK2 [ ABTAK1 | ABTAK
0x0289 CAN4TAAK 0 0 0 0 0 0
0 0 0 0 0
0x028A CAN4TBSEL TX2 X1 TXO0
0 0 0 IDHIT2 IDHIT1 IDHITO
0x028B CANA4IDAC IDAM1 IDAMO
0 0 0 0 0 0 0 0
0x028C Reserved
0 0 0 0 0 0 0 0

0x028D Reserved

RXERR7 | RXERR6 | RXERRS | RXERR4 | RXERR3 | RXERR2 | RXERR1 | RXERRO

0x028E  CAN4RXERR

TXERR7 | TXERR6 | TXERR5 | TXERR4 | TXERR3 | TXERR2 | TXERR1 | TXERRO
0x028F  CAN4TXERR

S TSV STVSVSVDSIVDSVSVSVDSVDSHVSVSVDSVDSVSTVSVSDVDSVSTVSTVED

0x0290 CAN4IDARO AC7 AC6 ACS5 AC4 AC3 AC2 AC1 ACO
0x0291 CAN4IDAR1 AC7 AC6 ACS AC4 AC3 AC2 AC1 ACO
0x0292 CAN4IDAR2 AC7 AC6 AC5 AC4 AC3 AC2 AC1 ACO
0x0293 CAN4IDAR3 AC7 AC6 ACS5 AC4 AC3 AC2 AC1 ACO
0x0294 CAN4IDMRO AM7 AM6 AM5 AM4 AM3 AM2 AM1 AMO
0x0295 CAN4IDMR1 AM7 AM6 AM5 AM4 AM3 AM2 AM1 AMO
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0x0280-0x02BF CAN4 (MSCAN) (continued)

Address

0x0296

0x0297

0x0298

0x0299

0x029A

0x029B

0x029C

0x029D

0x029E

0x029F

0x02A0—
0x02AF

0x02B0O—
0x02BF

Address

0x02CO0

0x02C1

0x02C2

0x02C3

0x02C4

0x02C5

0x02C6

Name

CAN4IDMR2

CAN4IDMR3

CAN4IDAR4

CAN4IDARS

CAN4IDARG

CAN4IDAR7

CAN4IDMR4

CAN4IDMR5

CAN4IDMR6

CAN4IDMR7

CAN4RXFG

CAN4ATXFG

Name

PWME

PWMPOL

PWMCLK

PWMPRCLK

PWMCAE

PWMCTL

PWMTST
Test Only

S UTSUVSTVSVSVDSVDSTVSVSDVDSUVSTVESTD

Chapter 1 MC9S12KG128 Device Overview (MC9S12KG128V1)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
AM7 AM6 AMS5 AM4 AM3 AM2 AM1 AMO
AM7 AM6 AMS5 AM4 AM3 AM2 AM1 AMO
AC7 AC6 AC5 AC4 AC3 AC2 AC1 ACO
AC7 AC6 AC5 AC4 AC3 AC2 AC1 ACO
AC7 AC6 AC5 AC4 AC3 AC2 AC1 ACO
AC7 AC6 AC5 AC4 AC3 AC2 AC1 ACO
AM7 AM6 AM5 AM4 AM3 AM2 AM1 AMO
AM7 AM6 AMS5 AM4 AM3 AM2 AM1 AMO
AM7 AM6 AMS5 AM4 AM3 AM2 AM1 AMO
AM7 AM6 AMS5 AM4 AM3 AM2 AM1 AMO

FOREGROUND RECEIVE BUFFER (see Table 1-6)
FOREGROUND TRANSMIT BUFFER (see Table 1-6)
0x02C0—-0x02E7 PWM (Pulse Width Modulator 8 Bit 8 Channel)

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
PWME7 | PWME6 | PWME5 | PWME4 | PWME3 | PWME2 | PWMEL1 | PWMEO
PPOL7 | PPOL6 | PPOL5 | PPOL4 | PPOL3 | PPOL2 | PPOL1 | PPOLO
PCLK7 | PCLK6 | PCLK5 | PCLK4 | PCLK3 | PCLK2 | PCLK1 | PCLKO

0 PCKB2 | PCKB1 | PCKBO 0 PCKA2 | PCKALl | PCKAO

CAE7 CAE6 CAES5 CAE4 CAE3 CAE2 CAE1 CAEO

CON67 | CON45 | CON23 | CONO1 | PSWAI | PFRZ 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0

0x02C7

PWMPRSC

S USUVSUVSTVSVDSOVDSITVDSD
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Chapter 1 MC9S12KG128 Device Overview (MC9S12KG128V1)

0x02C0-0x02E7 PWM (Pulse Width Modulator 8 Bit 8 Channel) (continued)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
R
0x02C8  PWMSCLA | Bit7 6 5 4 3 2 1 Bit 0
R .
0X02C9  PWMSCLE | Bit7 6 5 4 3 2 1 Bit 0
R 0 0 0 0 0 0 0 0
0X02CA  PWMSCNTA
R 0 0 0 0 0 0 0 0
0x02CB  PWMSCNTB
R[ Bit7 6 5 2 3 2 1 Bit 0
0x02CC  PWMCNTO
X w0 0 0 0 0 0 0 0
R[ Bit7 6 5 2 3 2 1 Bit 0
0x02CD  PWMCNT1
X ) 0 0 0 0 0 0 0
R Bit7 6 5 7 3 2 1 Bit O
O0X02CE  PWMCNT2
w0 0 0 0 0 0 0 0
R[ Bit7 6 5 2 3 2 1 Bit 0
0x02CF  PWMCNT3
X w0 0 0 0 0 0 0 0
R[ Bit7 6 5 7 3 2 1 Bit 0
0x02D0  PWMCNT4
X w0 0 0 0 0 0 0 0
R Bit7 6 5 Z 3 2 1 Bit O
0x02D1  PWMCNT5
w0 0 0 0 0 0 0 0
R Bit7 Z 2 1 Bi
0x02D2  PWMCNT6 It 6 > 3 Ito
w0 0 0 0 0 0 0 0
R[ Bit7 6 5 2 3 2 1 Bit 0
0x02D3  PWMCNT?
X w0 0 0 0 0 0 0 0
R
0x02D4  PWMPERO | Bit7 6 5 4 3 2 1 Bit 0
R .
0X02D5  PWMPERL | Bit7 6 5 4 3 2 1 Bit 0
R _ .
0x02D6  PWMPER2 | Bit7 6 5 4 3 2 1 Bit 0
R .
0x02D7  PWMPERS | Bit7 6 5 4 3 2 1 Bit 0
R .
0X02D8  PWMPER4 | Bit7 6 5 4 3 2 1 Bit 0
R _ .
0x02D9  PWMPERS | Bit7 6 5 4 3 2 1 Bit 0
R .
0x02DA  PWMPER6 | Bit7 6 5 4 3 2 1 Bit 0
R .
0X02DB  PWMPER? | Bit7 6 5 4 3 2 1 Bit 0
R _ .
0x02DC  PWMDTYO | Bit7 6 5 4 3 2 1 Bit 0
R .
0x02DD  PWMDTYL | Bit7 6 5 4 3 2 1 Bit 0
R .
0X02DE  PWMDTY2 | Bit7 6 5 4 3 2 1 Bit 0
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0x02C0-0x02E7 PWM (Pulse Width Modulator 8 Bit 8 Channel) (continued)

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
R
0x02DF PWMDTY3 W Bit 7 6 5 4 3 2 1 Bit 0
R , .
0x02EO0 PWMDTY4 W Bit 7 6 5 4 3 2 1 Bit 0
R . .
0x02E1 PWMDTY5 W Bit 7 6 5 4 3 2 1 Bit 0
R . .
0x02E2 PWMDTY6 " Bit 7 6 5 4 3 2 1 Bit 0
R , .
0x02E3 PWMDTY7 W Bit 7 6 5 4 3 2 1 Bit 0
R 0
0x02E4 PWMSDN W PWMIF PWMIE | PWMRSTRT| PWMLVL PWM7IN [ PWM7INL | PWM7ENA
R 0 0 0 0 0 0 0 0
0x02E5 Reserved
W
R 0 0 0 0 0 0 0 0
0x02E6 Reserved
W
R 0 0 0 0 0 0 0 0
0x02E7 Reserved
W
0x02E8-0x03FF Reserved Space
Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O
0Ox02E8- R d 0 0 0 0 0 0 0 0
OX03FF eserve
MC9S12KG128 Data Sheet, Rev. 1.16
Freescale Semiconductor 63



Chapter 1 MC9S12KG128 Device Overview (MC9S12KG128V1)

1.3.3 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 1-7 shows the assigned

part ID number.

Table 1-7. Assigned Part ID Numbers

Device Mask Set Number Part ID?
MC9S12KG128 OL74N 0x7100
MC9S12KG128 1L74N 0x7101
MC9S12KG128 2L74N 0x7102
MC9S12KG128 3L74N 0x7103
MC9S12KG128 4L74N 0x7104
MC9S12KG128 5L74N 0x7105

IThe coding is 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 1-8 shows the read-only values of these registers. Refer to HCS12 Module
Mapping and Control (MMC) block description chapter for further details.

Table 1-8. Memory Size Registers

Device Register Name Value
MC9S12KG128 MEMSIZ0 0x13
MC9S12KG128 MEMSIZ1 0x80
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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 1-12 shows the clock connections from the CRG to all modules. Consult the CRG Block Guide for
details on clock generation.

HCS12 CORE

P BDM|| CPU

CORE CLOCK
MEBI|| MMC

Y

INT || DBG

Y

Flash

RAM

EEPROM

Y

EXTAL TIM

Y

ATD

A

BUS CLOCK > PWM
osc | cra ®
SCI0, SCI1

Y

il

OSCILLATOR CLOCK

Y

SPIO, SPI1, SPI2

XTAL

Y

CANO, CAN4

Y

Y

Ic

Y

PIM

Figure 1-12. Clock Connections

1.5 Modes of Operation

Eight possible modes determine the operating configuration of the MC9S12KG128. 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.

151 Chip Configuration Summary

The operating mode out of reset is determined by the states of the MODC, MODB, and MODA pins during
reset (Table 1-9). 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
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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.

For further explanation on the modes refer to the HCS12 MEBI block description chapter.

Table 1-9. Mode Selection

BKGD = PE6 = PE5 = PK7 = ROMON Mode Descrintion
MODC MODB MODA ROMCTL Bit P
0 0 0 X 1 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 0 1 Emulation Expanded Narrow, BDM allowed
1 0
0 1 0 X 0 Special Test (Expanded Wide), BDM allowed
0 1 0 1 Emulation Expanded Wide, BDM allowed
1 0
0 0 X 1 Normal Single Chip, BDM allowed
1 0 0 Normal Expanded Narrow, BDM allowed
1 1
1 1 0 X 1 Peripheral; BDM allowed but bus operations would cause
bus conflicts (must not be used)
1 1 1 0 0 Normal Expanded Wide, BDM allowed
1

Table 1-10. Clock Selection Based on PE7

PE7 = XCLKS Description
1 Loop Controlled Pierce Oscillator selected
0 Full Swing Pierce Oscillator or external clock selected

Table 1-11. Voltage Regulator VREGEN

VREGEN Description
1 Internal Voltage Regulator enabled
0 Internal Voltage Regulator disabled, VDD1,2 and
VDDPLL must be supplied externally with 2.5V
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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,

* Protection of the contents of EEPROM,

* Operation in single-chip mode,

* Operation from external memory with internal FLASH and EEPROM 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 stored in EEPROM.

1521 Securing the Microcontroller

Once the user has programmed the FLASH and EEPROM (if desired), 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.

The security byte resides in a portion of the Flash array.

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

1522 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.

15222 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 and EEPROM will be disabled. BDM
operations will be blocked.

1.5.2.3 Unsecuring the Microcontroller

In order to unsecure the microcontroller, the internal FLASH and EEPROM must be erased. This can be
done through an external program in expanded mode.

Once the user has erased the FLASH and EEPROM, the part can be reset into special single chip mode.
This invokes a program that verifies the erasure of the internal FLASH and EEPROM. 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
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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 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 Guide (CRG).

1531 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.

1.53.2 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.

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 the peripherals can individually turn off their local clocks.

1.5.34 Run

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

1.6 Resets and Interrupts

Consult the Exception Processing section of the CPU12 Reference Manual for information on resets and
interrupts. Both local masking and CCR masking are included as listed in Table 1-12. System resets can
be generated through external control of the RESET pin, through the clock and reset generator module
CRG or through the low voltage reset (LVR) generator of the voltage regulator module. Refer to the CRG
and VREG block description chapters for detailed information on reset generation.

1.6.1 Vectors

1.6.1.1 Vector Table

Table 1-12 lists interrupt sources and vectors in default order of priority.
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Vector Interrupt CCR Local HPRIO Value
Address Source Mask Enable to Elevate
OXFFFE, OXFFFF External Reset, Power On Reset or Low None None —
Voltage Reset (see CRG Flags Register
to determine reset source)
OXFFFC, OXFFFD Clock Monitor fail reset None PLLCTL (CME, FCME) —
OxFFFA, OxFFFB COP failure reset None COP rate select —
OxFFF8, OXFFF9 Unimplemented instruction trap None None —
OXFFF6, OXFFF7 SWI None None —
OxFFF4, OXFFF5 XIRQ X Bit None —
OxFFF2, OXFFF3 IRQ | Bit IRQCR (IRQEN) OxF2
OxFFFO, OXFFF1 Real Time Interrupt | Bit CRGINT (RTIE) OxFO
OXFFEE, OXFFEF Standard Timer channel 0 | Bit TIE (COl) OxEE
OXFFEC, OXFFED Standard Timer channel 1 | Bit TIE (C1lI) OxEC
OXFFEA, OXFFEB Standard Timer channel 2 | Bit TIE (C2I) OxEA
OxFFE8, OXFFE9 Standard Timer channel 3 | Bit TIE (C3I) OxE8
OXFFEG6, OXFFE7 Standard Timer channel 4 | Bit TIE (C4l) OxE6
OxFFEA4, OXFFES Standard Timer channel 5 | Bit TIE (C5I) OxE4
OXFFE2, OXFFE3 Standard Timer channel 6 | Bit TIE (C6l) OxE2
OXFFEO, OxFFE1 Standard Timer channel 7 | Bit TIE (CT7I) OxEO
OxFFDE, OxFFDF Standard Timer overflow | Bit TSCR2 (TOI) OxDE
OxFFDC, OxFFDD Pulse accumulator overflow | Bit PACTL (PAQOVI) 0xDC
OxFFDA, OXxFFDB Pulse accumulator input edge | Bit PACTL (PAI) OxDA
OxFFD8, 0xFFD9 SPIO | Bit SPICR1 (SPIE, SPTIE) 0xD8
OxFFD6, OxFFD7 SCIO | Bit SCICR2 0xD6
(TIE, TCIE, RIE, ILIE)
OxFFD4, OXFFD5 SCI1 | Bit SCICR2 0xD4
(TIE, TCIE, RIE, ILIE)
OxFFD2, OxFFD3 ATD | Bit ATDCTL2 (ASCIE) 0xD2
OxFFDO, OXFFD1 Reserved | Bit Reserved 0xDO
OxFFCE, OxFFCF Port J | Bit PIEJ OxCE
(PIEJ7, PIEJ6, PIEJL, PIEJO)
OxFFCC, OXFFCD Port H | Bit PIEH (PIEH7-0) 0xCC
OxFFCA, OxFFCB | Bit OxCA
Reserved Reserved
OxFFC8, OxFFC9 | Bit 0xC8
OxFFC6, OXxFFC7 CRG PLL lock | Bit CRGINT (LOCKIE) 0xC6
OxFFC4, OxFFC5 CRG Self Clock Mode | Bit CRGINT (SCMIE) 0xC4
OxFFC2, OXxFFC3 FLASH Double Fault Detect | Bit FCNFG (DFDIE) 0xC2
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Table 1-12. Interrupt Vector Locations (continued)

Vector Interrupt CCR Local HPRIO Value
Address Source Mask Enable to Elevate
O0xFFCO, OxFFC1 IIC Bus | Bit IBCR (IBIE) 0xCO
OxFFBE, OXFFBF SPI1 | Bit SPICR1 (SPIE, SPTIE) OxBE
OxFFBC, OxFFBD SPI2 | Bit SPICR1 (SPIE, SPTIE) 0xBC
OxFFBA, OxFFBB EEPROM command | Bit ECNFG (CCIE, CBEIE) OxBA
OxFFB8, OxFFB9 FLASH command | Bit FCNFG (CCIE, CBEIE) 0xB8
OxFFB6, OXFFB7 CANO wake-up | Bit CANORIER (WUPIE) 0xB6
OxFFB4, OXFFB5 CANO errors | Bit CANORIER (CSCIE, OVRIE) 0xB4
OxFFB2, OXFFB3 CANO receive | Bit CANORIER (RXFIE) 0xB2
OxFFBO, OxFFB1 CANO transmit | Bit CANOTIER (TXEIE2-TXEIEO) 0xBO
OxFFAE, OXFFAF | Bit OxAE
OXFFAC, OXFFAD | Bit OxAC
OXFFAA, OXFFAB | Bit OxAA
OxFFA8, OXFFA9 | Bit OxA8
OxFFAG6, OXFFA7 | Bit OxA6
OxFFA4, OXFFA5 | Bit OxA4
Reserved Reserved
OxFFA2, OXFFA3 | Bit OxA2
OxFFAO, OxFFA1 | Bit O0xAO0
OxFF9E, OxFF9F | Bit Ox9E
OxFF9C, OxFF9D | Bit 0x9C
OxFF9A, OxFF9B | Bit Ox9A
OxFF98, OxFF99 | Bit 0x98
OxFF96, OxXFF97 CAN4 wake-up | Bit CAN4RIER (WUPIE) 0x96
0xFF94, OxFF95 CAN4 errors | Bit CAN4RIER (CSCIE, OVRIE) 0x94
O0xFF92, OxFF93 CAN4 receive | Bit CAN4RIER (RXFIE) 0x92
0xFF90, OxFF91 CAN4 transmit | Bit CANATIER (TXEIE2-TXEIEO) 0x90
OxFF8E, OxXFF8F Port P | Bit PIEP (PIEP7-0) Ox8E
OxFF8C, OXFF8D PWM Emergency Shutdown | Bit PWMSDN (PWMIE) 0x8C
OxFF8A, OxFF8B VREG Low Voltage Interrupt | Bit CTRLO (LVIE) Ox8A
OxFF80 - OxFF89 Reserved | Bit Reserved 0x80 - 0x89
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Resets are a subset of the interrupts featured inTable 1-12. The different sources capable of generating a
system reset are summarized in Table 1-13.

Table 1-13. Reset Summary

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

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

1.6.2.1 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 description chapters for register reset states.

Refer to the PIM block description chapter for reset configurations of all peripheral module ports.

Refer to Table 1-5 for locations of the memories depending on the operating mode after reset.

The RAM array is not automatically initialized out of reset.

1.7  ATD External Trigger Input Connection
The ATD module includes external trigger input ETRIG. On MC9S12K G128, the ETRIG input is tied to

GND.
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Chapter 2
128 Kbyte ECC Flash Module (S12FTS128K1ECCV1)

Table 2-1. FTS128K1ECC Revision History

l\\l/Err?boenr ReE\)/;st:eon Author Description of Changes
V01.01 | 01JULO3 1. Update Protection Address Range Tables.
2. Update Protection Scenarios Flgure.
V01.02 | 04APRO05 1. Reformat document.
V01.03 | 15SEP06 1. Add address range restriction to data compress command.
2. Describe algorithm for data compress command.
3. Add note about margin read during data compress command.

2.1 Introduction

This document describes the FTS128K1ECC module that includes a 128Kbyte Flash (nonvolatile)
memory with built-in Error Code Correction (ECC). The Flash memory may be read as either bytes,
aligned words, or misaligned words. Read access time is one bus cycle for bytes and aligned words, and
two bus cycles for misaligned words.

The Flash memory is ideal for program and data storage for single-supply applications allowing for field
reprogramming without requiring external voltage sources for program or erase. Program and erase
functions are controlled by a command driven interface. The Flash module supports both block erase and
sector erase. An erased bit reads 1 and a programmed bit reads 0. The high voltage required to program
and erase the Flash memory is generated internally. It is not possible to read from a Flash block while it is
being erased or programmed.

The ECC logic is included in the Flash module with the program and erase operations automatically

generating the ECC parity bits. The ECC logic implements a modified Hamming code capable of

correcting single bit faults and detecting double bit faults in each word of the Flash memory.
CAUTION

A Flash word must be in the erased state before being programmed.
Cumulative programming of bits within a Flash word is not allowed and will
result in invalid data stored.

2.1.1 Glossary

Command Write Sequence — A three-step MCU instruction sequence to execute built-in algorithms
(including program and erase) on the Flash memory.
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2.1.2 Features

» 128 Kbytes of Flash memory comprised of one 128 Kbyte block divided into 128 sectors of 1024
bytes with every word (two bytes) accompanied by 6 ECC parity bits

» Single bit fault correction per word during read operations

* Automated program and erase algorithm with generation of ECC parity bits

* Interrupts on Flash command completion, command buffer empty and double bit fault detection

» Fast sector erase and word program operation

» 2-stage command pipeline for faster multi-word program times

» Sector erase abort feature for critical interrupt response

» Flexible protection scheme to prevent accidental program or erase

» Single power supply for all Flash operations including program and erase

» Security feature to prevent unauthorized access to the Flash memory

» Code integrity check using built-in data compression

2.1.3 Modes of Operation

Program, erase, erase verify, and data compress operations (please refer to Section 2.4.1 for details).

2.1.4 Block Diagram

A block diagram of the Flash module is shown in Figure 2-1.
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FTS128K1ECC
Command
Interface
Command Pipeline
comm?2 comml
command addr2 1 —p) addrl Flash Block
Interrupt data2 datal _
Request 64K * 22 Bits
-
<> sector 0
Protection sector 1
Double Fault :
Detect Interrupt
Request ) sector 127
- Error Detection
and Correction
Security
Oscillator
Clock Clock

> Divider FCLK

Figure 2-1. FTS128K1ECC Block Diagram

2.2  External Signal Description

The Flash module contains no signals that connect off-chip.

2.3 Memory Map and Register Definition

This subsection describes the memory map and registers for the Flash module.

2.3.1 Module Memory Map

The Flash memory map is shown in Figure 2-2. The HCS12 architecture places the Flash memory
addresses between 0x4000 and OxFFFF which corresponds to three 16-Kbyte pages. The content of the
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HCS12 core PPAGE register is used to map the logical middle page ranging from address 0x8000 to
OxBFFF to any physical 16 Kbyte page in the Flash memory. By placing 0x3E or 0x3F in the HCS12 Core
PPAGE register, the associated 16 Kbyte pages appear twice in the MCU memory map.

The FPROT register, described in Section 2.3.2.5, “Flash Protection Register (FPROT)”, can be set to
globally protect a Flash block. However, three separate memory regions, one growing upward from the
first address in the next-to-last page in the Flash block (called the lower region), one growing downward
from the last address in the last page in the Flash block (called the higher region), and the remaining
addresses in the Flash block, can be activated for protection. The Flash locations of these protectable
regions are shown in Table 2-3. The higher address region is mainly targeted to hold the boot loader code
because it covers the vector space. The lower address region can be used for EEPROM emulation in an
MCU without an EEPROM module because it can remain unprotected while the remaining addresses are
protected from program or erase.

Security information that allows the MCU to restrict access to the Flash module is stored in the Flash
configuration field, described in Table 2-2.

Table 2-2. Flash Configuration Field

Unpaged Flash Paged Flash Address Size Description
Address (PPAGE 0x3F) (bytes) P
OxFF0O0 - OXFFQO7 0xBFO00-0xBF07 8 Backdoor Comparison Key
Refer to Section Section 2.6.1,
“Unsecuring the MCU using
Backdoor Key Access”
O0xFFO08 - OXxFFOC 0xBF08-0xBFOC 5 Reserved
OxFFOD 0xBFOD 1 Flash Protection byte
Refer to Section 2.3.2.5, “Flash
Protection Register (FPROT)”
OxFFOE OxBFOE 1 Reserved
OxFFOF 0xBFOF 1 Flash Security byte
Refer to Section 2.3.2.2, “Flash
Security Register (FSEC)”
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(16 bytes)

MODULE BASE + 0x0000
Flash Registers
MODULE BASE + 0x000F

FLASH_START = 0x4000

0x4400
0x4800

ox5000 | Flash Protected Low Sectors
1, 2, 4, 8 Kbytes

0x6000 OvAE

0x8000

16K PAGED
MEMORY

Flash Block

0x38 | 0x39 | Ox3A | 0x3B | 0x3C | O0x3D | Ox3E | Ox3F

0xC000

Nv2C Flash Protected High Sectors
OXEO00 |—UIXSH— ~ 54 8 16 Kbytes

0xFO00

0xF800
FLASH_END = OXFFFF -

I

O0XFFOO0 - OxFFOF, Flash Configuration Field

Note: 0x38-0x3F correspond to the PPAGE register content

Figure 2-2. Flash Memory Map
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Table 2-3. Detailed Flash Memory Map Summary

MCU Address PPAGE Protectable Lower Protectable Block Relative
Range Range Higher Range Address?
0x4000-0x7FFF Unpaged 0x4000-0x43FF N.A. 0x18000-0x1BFFF

(Ox3E)

0x4000-0x47FF
0x4000-0x4FFF
0x4000-0x5FFF

0x8000-0xBFFF 0x38 N.A. N.A. 0x00000-0x03FFF
0x39 N.A. N.A. 0x04000-0x07FFF
O0x3A N.A. N.A. 0x08000-0xOBFFF
0x3B N.A. N.A. 0x0C000-0OxOFFFF
0x3C N.A. N.A. 0x10000-0x13FFF
0x3D N.A. N.A. 0x14000-0x17FFF
Ox3E 0x8000-0x83FF N.A. 0x18000-0x1BFFF

0x8000-0x87FF
0x8000-0x8FFF
0x8000-0x9FFF
Ox3F N.A. 0xB800-0xBFFF 0x1C000-Ox1FFFF
0xB000-0xBFFF

OXAQ00-OXBFFF
0x8000-0XBFFF
0xCO00-OxFFFF | Unpaged NA. OXF800-OXFFFF | OXL1CO00-OXLFFFF
(0x3F) 0XF000-OXFFFF
OXE000-OXFFFF
0XC000-OXFFFF

1 Block Relative Address for 128 Kbyte Flash block consists of 17 address bits.

The Flash module also contains a set of 16 control and status registers located in address space module
base + 0x0000 to module base + 0x000F. A summary of these registers is given in Table 2-4 while their
accessibility in normal and special modes is detailed in Section 2.3.2, “Register Descriptions”.

Table 2-4. Flash Register Map

MODULE Use Normal Mode
BASE + Access
0x0000 Flash Clock Divider Register (FCLKDIV) R/W
0x0001 Flash Security Register (FSEC) R
0x0002 Flash Test Mode Register (FTSTMOD) R/W
0x0003 Flash Configuration Register (FCNFG) R/W
0x0004 Flash Protection Register (FPROT) R/W
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Table 2-4. Flash Register Map

0x0005 Flash Status Register (FSTAT) R/W
0x0006 Flash Command Register (FCMD) R/W
0x0007 RESERVED1! R
0x0008 Flash High Address Register (FADDRHI) R
0x0009 Flash Low Address Register (FADDRLO) R
0x000A Flash High Data Register (FDATAHI) R
0x000B Flash Low Data Register (FDATALO) R
0x000C |RESERVED2! R
0x000D RESERVED3! R
Ox000E | RESERVED4! R
0x000F RESERVED5! R

1 Intended for factory test purposes only.
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2.3.2 Register Descriptions
Register Bit 7 6 5 4 3 2 1 Bit 0
Name
0x0000 R | FDIVLD
ECLKDIV PRDIVS | FDIV5 FDIV4 FDIV3 FDIV2 FDIV1 FDIVO
W
0x0001 R KEYEN RNV5 RNV4 RNV3 RNV2 SEC
FSEC W
0x0002 R 0 0 0 0 0 0 0 0
FTSTMOD W
0x0003 R 0 0 0 0 0
FCNEG CBEIE CCIE | KEYACC
W
0x0004 R RNV6
EPROT FPOPEN FPHDIS FPHS FPLDIS FPLS
W
0x0005 R CCIF 0 BLANK 0 0
ESTAT CBEIF PVIOL | ACCERR
W
0x0006 R 0
CMDB
FCMD W
0x0007 R NV7 NV6 NV5 NV4 NV3 NV2 NV1 NVO
FCTL W
0x0008 R FADDRHI
FADDRHI W | | |
0x0009 R FADDRLO
FADDRLO W | | |
0x000A R FDATAHI
FDATAHI W | | |
0x000B R FDATALO
FDATALO W | | |
0x000C R 0 0 0 0 0 0 0 0
RESERVED1 W
I:I = Unimplemented or Reserved
Figure 2-3. FTS128K1ECC Register Summary
MC9S12KG128 Data Sheet, Rev. 1.16
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Register Bit 7 6 5 4 3 2 1 Bit 0
Name

0x000D R 0 0 0 0 0 0 0 0
RESERVED?

0X000E R 0 0 0 0 0 0 0 0
RESERVED3

0X000F R 0 0 0 0 0 0 0 0
RESERVED4

I:I = Unimplemented or Reserved

Figure 2-3. FTS128K1ECC Register Summary (continued)

2.3.2.1 Flash Clock Divider Register (FCLKDIV)

The FCLKDIV register is used to control timed events in program and erase algorithms.

Module Base + 0x0000

7 6 5 4 3 2 1 0
R| FDIVLD
PRDIV8 FDIV5 FDIV4 FDIV3 FDIV2 FDIV1 FDIVO
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 2-4. Flash Clock Divider Register (FCLKDIV)

All bits in the FCLKDIV register are readable, bits 6-0 are write once and bit 7 is not writable.

Table 2-5. FCLKDIV Field Descriptions

Field Description

7 Clock Divider Loaded.
FDIVLD |0 Register has not been written.
1 Register has been written to since the last reset.

6 Enable Prescalar by 8.
PRDIV8 |0 The oscillator clock is directly fed into the clock divider.
1 The oscillator clock is divided by 8 before feeding into the clock divider.

5-0 Clock Divider Bits — The combination of PRDIV8 and FDIV[5:0] must divide the oscillator clock down to a
FDIV[5:0] [frequency of 150 kHz—200 kHz. The maximum divide ratio is 512. Please refer to Section 2.4.1.1, “Writing the
FCLKDIV Register” for more information.
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2.3.2.2

Flash Security Register (FSEC)

The FSEC register holds all bits associated with the security of the MCU and Flash module.

Module Base + 0x0001

7 6 5 4 3 2 1 0
R KEYEN RNV5 RNV4 RNV3 RNV2 SEC
w
Reset F F F F F F F F

= Unimplemented or Reserved

Figure 2-5. Flash Security Register (FSEC)

All bits in the FSEC register are readable but are not writable.

The FSEC register isloaded from the Flash Configuration Field at address $FFOF during the reset
sequence, indicated by F in Figure 2-5. If the DFDIF flag in the FSTAT register is set while reading the
security field location during the reset sequence, al bitsin the FSEC register will be set to leave the module
in a secured state with backdoor key access disabled.

Table 2-6. FSEC Field Descriptions

Field Description
1-0 Backdoor Key Security Enable Bits —The KEYEN]1:0] bits define the enabling of backdoor key access to the
KEYENI1:0] | Flash module as shown in Table 2-7.
5-2 Reserved Nonvolatile Bits — The RNV[5:2] bits must remain in the erased 1 state for future enhancements.
RNV[5:2]
1-0 Flash Security Bits — The SEC[1:0] bits define the security state of the MCU as shown in Table 2-8. If the Flash
SEC[1:0] |module is unsecured using backdoor key access, the SEC bits are forced to 10.

Table 2-7. Flash KEYEN States

KEYENT[1:0] Status of Backdoor Key Access
00 DISABLED
01! DISABLED
10 ENABLED
11 DISABLED

1 preferred KEYEN state to disable Backdoor Key Access.
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Table 2-8. Flash Security States

SEC[1:0] Status of Security
00 SECURED
01! SECURED
10 UNSECURED
11 SECURED

1 Preferred SEC state to set MCU to secured state.
The security function in the Flash module is described in Section 2.6, “Flash Module Security”.
2.3.2.3 Flash Test Mode Register (FTSTMOD)
The FTSTMOD register is used to control Flash test features.

Module Base + 0x0002

7 6 5 4 3 2 1 0
R 0 0 0 0 0 0 0
FDFD
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 2-6. Flash Test Mode Register (FTSTMOD)

FDFD is readable and writable while all remaining bits read 0 and are not writable in normal mode.

Table 2-9. FTSTMOD Field Descriptions

Field Description

3 Force Double Fault Detect — The FDFD bit allows the user to simulate a double bit fault during Flash array
FDFD read operations and check the associated interrupt routine. The FDFD bit is cleared by writing a O to FDFD.
0 Flash array read operations will set the DFDIF flag in the FSTAT register only if a double bit fault is detected.
1 Any Flash array read operation will force the DFDIF flag in the FSTAT register to be set and an interrupt will
be generated as long as the DFDIE interrupt enable in the FCNFG register is set.

2.3.24 Flash Configuration Register (FCNFG)
The FCNFG register enables the Flash interrupts and gates the security backdoor writes.
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Module Base + 0x0003

7 6 5 4 3 2 1 0
R 0 0 0
CBEIE CCIE KEYACC BKSEL
w
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 2-7. Flash Configuration Register (FCNFG)

CBEIE, CCIE, KEYACC and DFDIE bits are readable and writable while all remaining bits read 0 and
are not writable. KEYACC isonly writable if KEY EN (see Section 2.3.2.2) is set to the enabled state.

Table 2-10. FCNFG Field Descriptions

Field Description
7 Command Buffer Empty Interrupt Enable — The CBEIE bit enables an interrupt in case of an empty command
CBEIE buffer in the Flash module.
0 Command buffer empty interrupt disabled.
1 Aninterrupt will be requested whenever the CBEIF flag (see Section 2.3.2.7, “Flash Status Register (FSTAT)")
is set.
6 Command Complete Interrupt Enable — The CCIE bit enables an interrupt in case all commands have been
CCIE completed in the Flash module.
0 Command complete interrupt disabled.
1 Aninterrupt will be requested whenever the CCIF flag (see Section 2.3.2.7, “Flash Status Register (FSTAT)”)
is set.
5 Enable Security Key Writing
KEYACC |0 Flash writes are interpreted as the start of a command write sequence.
1 Writes to Flash array are interpreted as keys to open the backdoor. Reads of the Flash array return invalid
data.
3 Double Fault Detect Interrupt Enable — The DFDIE bit enables an interrupt in case a double bit fault is
DFDIE detected during a Flash block operation.
0 Double bit fault detect interrupt disabled.
1 Aninterrupt will be requested whenever the DFDIF flag is set (see Section 2.3.2.7, “Flash Status Register
(FSTAT)").
2.3.2.5 Flash Protection Register (FPROT)

The FPROT register defines which Flash sectors are protected against program or erase operations.

All bits in the FPROT register are readable and writable with restrictions except for RNV[6] which is only
readable (see Section 2.3.2.6, “Flash Protection Restrictions™).

During reset, the FPROT register is loaded from the Flash Configuration Field at address OxFFOD. To
change the Flash protection that will be loaded during the reset sequence, the upper sector of the Flash
memory must be unprotected, then the Flash Protect/Security byte located as described in Table 2-2 must
be reprogrammed. If the DFDIF flag in the FSTAT register is set while reading the protection field location
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during the reset sequence, the FPOPEN bit will be cleared and remaining bits in the FPROT register will
be set to leave the Flash block fully protected.

Trying to alter data in any of the protected areas in the Flash block will result in a protection violation error
and the PVIOL flag will be set in the FSTAT register. A mass erase of the Flash block is not possible if
any of the contained Flash sectors are protected.

Table 2-11. FPROT Field Descriptions

Field Description
7 Protection Function Bit — The FPOPEN bit determines the protection function for program or erase as shown
FPOPEN |in Table 2-12.

0 FPHDIS and FPLDIS bits define unprotected address ranges as specified by the corresponding FPHS[1:0]
and FPLS[1:0] bits. For an MCU without an EEPROM module, the FPOPEN clear state allows the main part
of the Flash block to be protected while a small address range can remain unprotected for EEPROM
emulation.

1 FPHDIS and FPLDIS bits enable protection for the address range specified by the corresponding FPHS[1:0]
and FPLS[1:0] bits.

6 Reserved Nonvolatile Bit — The RNV[6] bit must remain in the erased state 1 for future enhancements.
RNV[6]
5 Flash Protection Higher Address Range Disable — The FPHDIS bit determines whether there is a
FPHDIS | protected/unprotected area in the higher address space of the Flash block.
0 Protection/Unprotection enabled
1 Protection/Unprotection disabled
4:3 Flash Protection Higher Address Size — The FPHS[1:0] bits determine the size of the protected/unprotected
FPHS[1:0] |area as shown in Table 2-13. The FPHS[1:0] bits can only be written to while the FPHDIS bit is set.
2 Flash Protection Lower address range Disable — The FPLDIS bit determines whether there is a
FPLDIS protected/unprotected area in the lower address space of the Flash block.
0 Protection/Unprotection enabled
1 Protection/Unprotection disabled
1:0 Flash Protection Lower Address Size — The FPLS[1:0] bits determine the size of the protected/unprotected
FPLS[1:0] |area as shown in Table 2-14. The FPLS[1:0] bits can only be written to while the FPLDIS bit is set.

Table 2-12. Flash Protection Function

FPOPEN FPHDIS FPLDIS Functionl
1 1 1 No Protection
1 1 0 Protected Low Range
1 0 1 Protected High Range
1 0 0 Protected High and Low Ranges
0 1 1 Full Block Protected
0 1 0 Unprotected Low Range
0 0 1 Unprotected High Range
0 0 0 Unprotected High and Low Ranges

1 For range sizes, refer to and .
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Table 2-13. Flash Protection Higher Address Range

FPHS[1:0] AddLrjgss??Z(lnge Addrzzgelgange Protected Size
00 0xF800-0xFFFF 0x3F: 0xC800-0xCFFF 2 Kbytes
01 OxFO000-0OxFFFF 0x3F: 0xC000-0xCFFF 4 Kbytes
10 OXEO000-OxFFFF 0x3F: 0xB0O00-0xCFFF 8 Kbytes
11 0xC000-OxFFFF Ox3F: 0x8000-0xCFFF 16 Kbytes
Table 2-14. Flash Protection Lower Address Range
FPLS[1:0] AddLrJQEsangdnge Addrzzsigngange Protected Size
00 0x4000-0x43FF 0x3E: 0x8000-0x83FF 1 Kbyte
01 0x4000-0x47FF Ox3E: 0x8000-0x87FF 2 Kbytes
10 0x4000-0x4FFF Ox3E: 0x8000-0x8FFF 4 Kbytes
11 0x4000-0x5FFF Ox3E: 0x8000-0x9FFF 8 Kbytes

All possible Flash protection scenarios are illustrated in Figure 2-8. Although the protection scheme is
loaded from the Flash array after reset, it can be changed by the user. This protection scheme can be used
by applications requiring re-programming in single-chip mode while providing as much protection as
possible if re-programming is not required.
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FPHDIS=1 FPHDIS=1 FPHDIS=0 FPHDIS=0
FPLDIS=1 FPLDIS=0 FPLDIS=1 FPLDIS=0
Scenario 7 6 5 4
PPAGE 0x38-0x3D<
i
V7 At o
T 2/
& TR
PPAGE 0x3E-0x3F<
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N NV
T
L o
Scenario 3 3 2 1 0 =
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Unprotected region VA dpgf)ifgctlegyrggfg with size
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not defined by FPLS, FPHS t\ defined by FPHS

Figure 2-8. Flash Protection Scenarios
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2.3.2.6 Flash Protection Restrictions

The general guideline is that Flash protection can only be added and not removed. Table 2-15 specifies all
valid transitions between Flash protection scenarios. Any attempt to write an invalid scenario to the
FPROT register will be ignored and the FPROT register will remain unchanged. The contents of the
FPROT register reflect the active protection scenario. See the FPHS and FPLS descriptions for additional
restrictions.

Table 2-15. Flash Protection Scenario Transitions

1

From To Protection Scenario
Protection

Scenario 0 1 2 3 4 5 6 7
0 X X X X
1 X
2 X X
3 X
4 X X
5 X X X X
6 X X X
7 X X X X X X X X

1 Allowed transitions marked with X.

2.3.2.7 Flash Status Register (FSTAT)
The FSTAT register defines the operational status of the module.

Module Base + 0x0005

7 6 5 4 3 2 1 0
R CCIF BLANK 0 0
CBEIF PVIOL ACCERR DFDIF
w
Reset 1 1 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 2-9. Flash Status Register (FSTAT - Normal Mode)
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Module Base + 0x0005

7 6 5 4 3 2 1 0
R CCIF BLANK 0
CBEIF PVIOL ACCERR DFDIF FAIL
w
Reset 1 1 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 2-10. Flash Status Register (FSTAT - Special Mode)

CBEIF, PVIOL, ACCERR and DFDIF are readable and writable, CCIF and BLANK are readable and not
writable, remaining bits read 0 and are not writable in normal mode. FAIL is readable and writable in
special mode. FAIL must be clear when starting a command write sequence.

Table 2-16. FSTAT Field Descriptions

Field Description

7 Command Buffer Empty Interrupt Flag — The CBEIF flag indicates that the address, data and command
CBEIF buffers are empty so that a new command write sequence can be started. The CBEIF flag is cleared by writing
a 1to CBEIF. Writing a 0 to the CBEIF flag has no effect on CBEIF. Writing a 0 to CBEIF after writing an aligned
word to the Flash address space but before CBEIF is cleared will abort a command write sequence and cause
the ACCERR flag to be set. Writing a 0 to CBEIF outside of a command write sequence will not set the ACCERR
flag. The CBEIF flag is used together with the CBEIE bit in the FCNFG register to generate an interrupt request
(see Figure 2-31).

0 Buffers are full.
1 Buffers are ready to accept a new command.

6 Command Complete Interrupt Flag — The CCIF flag indicates that there are no more commands pending. The
CCIF CCIF flag is cleared when CBEIF is clear and sets automatically upon completion of all active and pending
commands. The CCIF flag does not set when an active commands completes and a pending command is
fetched from the command buffer. Writing to the CCIF flag has no effect on CCIF. The CCIF flag is used together
with the CCIE bit in the FCNFG register to generate an interrupt request (see Figure 2-31).

0 Command in progress.
1 All commands are completed.

5 Protection Violation Flag — The PVIOL flag indicates an attempt was made to program or erase an address
PVIOL in a protected area of the Flash block during a command write sequence. The PVIOL flag is cleared by writing a
1to PVIOL. Writing a 0 to the PVIOL flag has no effect on PVIOL. While PVIOL is set, it is not possible to launch
a command or start a command write sequence.

0 No failure.
1 A protection violation has occurred.

4 Access Error Flag — The ACCERR flag indicates an illegal access to the Flash array caused by either a
ACCERR |violation of the command write sequence, issuing an illegal command (illegal combination of the CMDBX bits in
the FCMD register), launching the sector erase abort command terminating a sector erase operation early,
detection of a double fault or the execution of a CPU STOP instruction while a command is executing (CCIF =
0). The ACCERR flag is cleared by writing a 1 to ACCERR. Writing a 0 to the ACCERR flag has no effect on
ACCERR. While ACCERR is set, it is not possible to launch a command or start a command write sequence. If
ACCERR is set by the detection of a double fault, an erase verify operation or a data compress operation, any
buffered command will not launch.

0 No access error detected.
1 Access error has occurred.
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Table 2-16. FSTAT Field Descriptions

Field Description

3 Double Fault Detect Interrupt Flag — The DFDIF flag indicates that one of the following Flash block operations
DFDIF has detected a double bit fault in the stored parity and data bits.
e Array Read.
» Erase Verify.
» Data Compress.
* Reset Sequence (reads of the protection and security fields stored in the Flash memory).
When the DFDIF flag is set during a Flash array read operation, the data read from the Flash module are the
data bits read out of the Flash array without correction and should be considered invalid. When the DFDIF flag
is set during a Flash array read, erase verify, data compress or reset sequence operation, the Flash block
address containing the parity and data bits that caused the DFDIF flag to set will be stored in the FADDR register
and the parity bits will be stored in the FDATA register. The DFDIF flag is cleared by writing a 1 to the ACCERR
bit which is set when the DFDIF flag is set. Writing a O to the DFDIF flag has no effect on DFDIF. The DFDIF flag
is used together with the DFDIE enable bit to generate an interrupt request (see Figure 2-31). While DFDIF is
set, Flash array read operations are allowed. If DFDIF is not cleared and another double bit fault is detected, the
FADDR and FDATA registers will maintain the contents from the fault that caused the DFDIF bit to set.
0 No double bit fault detected.
1 Double bit fault detected.

2 Erase Verify Operation Status Flag — When the CCIF flag is set after completion of an erase verify command,
BLANK the BLANK flag indicates the result of the erase verify operation. The BLANK flag is cleared by the Flash module
when CBEIF is cleared as part of a new valid command write sequence. Writing to the BLANK flag has no effect
on BLANK.

0 Flash block verified as not erased.
1 Flash block verified as erased.

1 Flag Indicating a Failed Flash Operation — The FAIL flag will set if the erase verify operation fails (Flash block
FAIL verified as not erased). The FAIL flag will also set if a double bit fault is detected during an array read, erase
verify, or data compress operation. The FAIL flag is cleared by writing a 1 to FAIL. Writing a O to the FAIL flag
has no effect on FAIL.

0 Flash operation completed without error.
1 Flash operation failed.

2.3.2.8 Flash Command Register (FCMD)
The FCMD register is the Flash command register.

Module Base + 0x0006

7 6 5 4 \ 3 2 1 0
R 0
CMDB
W
Reset 0 0 0 0 \ 0 0 0 0

I:Iz Unimplemented or Reserved

Figure 2-11. Flash Command Register (FCMD - NVM User Mode)

All CMDB bits are readable and writable during a command write sequence while bit 7 reads 0 and is not
writable.
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Table 2-17. FCMD Field Descriptions

Field Description

6-0 Flash Command — Valid Flash commands are shown in Table 2-18. Writing any command other than those
CMDBJ6:0] |listed in Table 2-18 sets the ACCERR flag in the FSTAT register.

Table 2-18. Valid Flash Command List

CMDB|[6:0] NVM Command
0x05 Erase Verify
0x06 Data Compress
0x20 Word Program
0x40 Sector Erase
0x41 Mass Erase
0x47 Sector Erase Abort

2.3.2.9 RESERVED1

This register is reserved for factory testing and is not accessible.
Module Base + 0x0007

7
R 0 0 0 0 0 0
w

Reset 0 0 0 0 0 0 0 0

I:I = Unimplemented or Reserved

Figure 2-12. RESERVED1

All bits read 0 and are not writable.

Table 2-19. FCTL Field Descriptions

Field Description

7-0 Nonvolatile Bits — The NV[7:0] bits are available as nonvolatile bits. Refer to the Device User Guide for proper
NV[7:0] use of the NV bits.

2.3.2.10 Flash Address Registers (FADDR)
The FADDRHI and FADDRLO registers are the Flash address registers.
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Module Base + 0x0008

7 6 5 4 3 2 1 0
R FADDRHI
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 2-13. Flash Address High Register (FADDRHI)

Module Base + 0x0009

7 6 5 4 3 2 1 0
R FADDRLO
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 2-14. Flash Address Low Register (FADDRLO)

All FADDRHI and FADDRLO bits are readable but are not writable. After an array write as part of a
command write sequence, the FADDR registers will contain the mapped MCU address written. If a double
bit fault is detected, as indicated by the setting of the DFDIF bit in the FSTAT register, the faulty Flash
block address is stored in the FADDR registers as a word address. The faulty Flash block address remains
readable until the start of the next command write sequence. The mapping of the FADDR registers to the
MCU address is shown in Figure 2-15 and Figure 2-16.

Byte Select

MCU Address 1 | o |aB13laB12|AB11]AB10| AB9 | ABS|AB7|ABG |ABS [AB4|ABR3|AB2|ABL|ABO

PPAGE Register 1] 1| 1 [Pixe|pixa|pixo

[ W

FADDR Register FADDRHI[7:0] FADDRLO[7:0]

Figure 2-15. FADDR to MCU Address Mapping (Paged)
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Byte Select

MCU Address (0x4000-0x7FFF) 0 | 1 |AB13AB12|AB11|AB10| ABY | ABS |AB7|AB6 | ABS |AB4|AB3 | AB2 |AB1|ABO

AA A A A A A A A A A A

FADDR Register 101 FADDRHI[4:0] FADDRLO[7:0]

YYYYVYYYVYVYYVY VY

MCU Address (OXC()()()-OXFFFF) 1 | 1 |AB13JAB12JAB11/AB10| ABY | AB8 |AB7 |AB6 [ ABS | AB4 |AB3 |AB2|AB1|ABO

Byte Select

Figure 2-16. FADDR to MCU Address Mapping (Unpaged)

2.3.2.11 Flash Data Registers (FDATA)
The FDATAHI and FDATALO registers are the Flash data registers.

Module Base + 0x000A

7 6 5 4 3 2 1 0
R FDATAHI
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 2-17. Flash Data High Register (FDATAHI)

Module Base + 0x000B

7 6 5 4 3 2 1 0
R FDATALO
W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 2-18. Flash Data Low Register (FDATALO)

All FDATAHI and FDATALO bits are readable but are not writable. After an array write as part of a

command write sequence, the FDATA registers will contain the data written. At the completion of a data
compress operation, the resulting 16-bit signature is stored in the FDATA registers. The data compression
signature is readable in the FDATA registers until a new command write sequence is started or a double bit
fault is detected in a Flash array read operation. If a double bit fault is detected during a Flash array read,
erase verify or data compress operation, the parity bits stored in the Flash array at the failed location will
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be stored in the lower six bits of FDATALO. The faulty parity bits remain readable until the start of the
next command write sequence.

2.3.2.12 RESERVED2
This register is reserved for factory testing and is not accessible.

Module Base + 0x000C

7 6 5 4 3 2 1 0
R 0 0 0 0 0 0 0 0
\W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 2-19. RESERVED?2

All bits read 0 and are not writable.

2.3.2.13 RESERVEDS

This register is reserved for factory testing and is not accessible.

Module Base + 0x000D

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

Figure 2-20. RESERVED3

All bits read 0 and are not writable.

2.3.2.14 RESERVEDA4

This register is reserved for factory testing and is not accessible.

Module Base + 0x000E

7 6 5 4 3 2 1 0
R 0 0 0 0 0 0 0 0
\W
Reset 0 0 0 0 0 0 0 0
= Unimplemented or Reserved

Figure 2-21. RESERVED4
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All bits read 0 and are not writable.

2.3.2.15 RESERVEDS

This register is reserved for factory testing and is not accessible.

Module Base + 0x000F

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

Figure 2-22. RESERVED5

All bits read 0 and are not writable.

2.4  Functional Description

2.4.1 Flash Command Operations

Write and read operations are both used for the program, erase, erase verify, and data compress algorithms
described in this subsection. The program and erase algorithms are time controlled by a state machine
whose timebase, FCLK, is derived from the oscillator clock via a programmable divider. The command
register as well as the associated address and data registers operate as a buffer and a register (2-stage FIFO)
so that a second command along with the necessary data and address can be stored to the buffer while the
first command remains in progress. This pipelined operation allows a time optimization when
programming more than one word on a specific row in the Flash block as the high voltage generation can
be kept active in between two programming commands. The pipelined operation also allows a
simplification of command launching. Buffer empty as well as command completion are signalled by flags
in the Flash status register with interrupts generated, if enabled.

The next paragraphs describe:
1. How to write the FCLKDIV register.
2. Command write sequences used to program, erase, and verify the Flash memory.
3. Valid Flash commands.
4. Effects resulting from illegal Flash command write sequences or aborting Flash operations.

24.1.1 Writing the FCLKDIV Register

Prior to issuing any program, erase, erase verify, or data compress command, it is first necessary to write
the FCLKDIV register to divide the oscillator clock down to within the 150 kHz to 200 kHz range.
Because the program and erase timings are also a function of the bus clock, the FCLKDIV determination
must take this information into account.

MC9S12KG128 Data Sheet, Rev. 1.16

Freescale Semiconductor 95



V¥ ¢
i

Chapter 2 128 Kbyte ECC Flash Module (S12FTS128K1ECCV1)

If we define:
* FCLK as the clock of the Flash timing control block,

» Tbus as the period of the bus clock, and
» INT(x) as taking the integer part of x (e.g. INT(4.323)=4).

Then, FCLKDIV register bits PRDIV8 and FDIV[5:0] are to be set as described in Figure 2-23.

For example, if the oscillator clock frequency is 950 kHz and the bus clock frequency is 10 MHz,
FCLKDIV bits FDIV[5:0] must be set to 4 (000100) and bit PRDIVS set to 0. The resulting FCLK
frequency is then 190 kHz. As a result, the Flash program and erase algorithm timings are increased over
the optimum target by:

(200 — 190)/200 x 100 = 5%
CAUTION

Program and erase command execution time will increase proportionally
with the period of FCLK. Because of the impact of clock synchronization
on the accuracy of the functional timings, programming or erasing the Flash
memory cannot be performed if the bus clock runs at less than 1 MHz.
Programming or erasing the Flash memory with FCLK < 150 kHz must be
avoided. Setting FCLKDIV to a value such that FCLK < 150 kHz can
destroy the Flash memory due to overstress. Setting FCLKDIV to a value
such that (1/FCLK + Tbus) < 5us can result in incomplete programming or
erasure of the Flash memory cells.

If the FCLKDIV register is written, the FDIVLD bit is set automatically. If the FDIVLD bit is 0, the
FCLKDIV register has not been written since the last reset. Flash commands will not be executed if the
FCLKDIV register has not been written to.
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START

ALL COMMANDS IMPOSSIBLE

YES

PRDIV8=0 (reset)

OSCILLATOR
CLOCK
> 12.8 MHZ?

PRDIV8=1 .
PRDCLK=oscillator_clock/g | |[PRDCLK=oscillator_clock

- |

NO

PRDCLK[MHZz]*(5+Tbus[us])
an integer?

Y

FDIV[5:0]=INT(PRDCLK[MHz]*(5+Tbus[us]))

FDIV[5:0]=PRDCLK[MHZz]*(5+Tbus[us])-1

<

TRY TO DECREASE Tbus

FCLK=(PRDCLK)/(1+FDIV[5:0])

A

1/FCLK[MHZz] + Tbus[us] > 5 vES
AND Hel=

FCLK > g.15 MHz

END

YES

FDIV[5:0] > 4?

ALL COMMANDS IMPOSSIBLE

Figure 2-23. Determination Procedure for PRDIV8 and FDIV Bits
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2.4.1.2 Command Write Sequence

The Flash command controller is used to supervise the command write sequence to execute program,
erase, erase verify, and data compress algorithms.

Before starting a command write sequence, the ACCERR and PVIOL flags in the FSTAT register must be
clear (see Section 2.3.2.7, “Flash Status Register (FSTAT)”) and the CBEIF flag must be tested to
determine the state of the address, data, and command buffers. If the CBEIF flag is set, indicating the
buffers are empty, a new command write sequence can be started. If the CBEIF flag is clear, indicating the
buffers are not available, a new command write sequence will overwrite the contents of the address, data,
and command buffers.

A command write sequence consists of three steps which must be strictly adhered to with writes to the
Flash module not permitted between the steps. However, Flash register and array reads are allowed during
a command write sequence. A command write sequence consists of the following steps:

1. Write an aligned data word to a valid Flash array address. The address and data will be stored in
the address and data buffers, respectively. If the CBEIF flag is clear when the Flash array write
occurs, the contents of the address and data buffers will be overwritten and the CBEIF flag will be
set.

2. Write a valid command to the FCMD register.

a) For the erase verify command (see Section 2.4.1.3.1, “Erase Verify Command”), the contents
of the data buffer are ignored and all address bits in the address buffer are ignored.

b) For the data compress command (see Section 2.4.1.3.2, “Data Compress Command”), the
contents of the data buffer represents the number of consecutive words to read for data
compression and the contents of the address buffer represents the starting address.

c) For the program command (see Section 2.4.1.3.3, “Program Command”), the contents of the
data buffer will be programmed to the address specified in the address buffer with all address
bits valid.

d) For the sector erase command (see Section 2.4.1.3.4, “Sector Erase Command”), the contents
of the data buffer are ignored and address bits [9:0] contained in the address buffer are ignored.

e) Forthe mass erase command (see Section 2.4.1.3.5, “Mass Erase Command”), the contents of
the data buffer and address buffer are ignored.

f) For the sector erase abort command (see Section 2.4.1.3.6, “Sector Erase Abort Command”),
the contents of the data buffer and address buffer are ignored.

3. Clear the CBEIF flag by writing a 1 to CBEIF to launch the command. When the CBEIF flag is
cleared, the CCIF flag is cleared on the same bus cycle by internal hardware indicating that the
command was successfully launched. For all command write sequences except data compress and
sector erase abort, the CBEIF flag will set four bus cycles after the CCIF flag is cleared indicating
that the address, data, and command buffers are ready for a new command write sequence to begin.
For data compress and sector erase abort operations, the CBEIF flag will remain clear until the
operation completes.

A command write sequence can be aborted prior to clearing the CBEIF flag by writing a 0 to the CBEIF
flag and will result in the ACCERR flag being set.
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Except for the sector erase abort command, a buffered command will wait for the active operation to be
completed before being launched. The sector erase abort command is launched when the CBEIF flag is
cleared as part of a sector erase abort command write sequence. After a command is launched, the
completion of the command operation is indicated by the setting of the CCIF flag. The CCIF flag only sets
when all active and buffered commands have been completed.

2.4.1.3 Valid Flash Commands

Table 2-20 summarizes the valid Flash commands along with the effects of the commands on the Flash
block.

Table 2-20. Valid Flash Command Description

FCMDB NVM Function on Flash Memory
Command

0x05 Erase Verify all memory bytes in the Flash block are erased. If the Flash block is erased, the BLANK
Verify flag in the FSTAT register will set upon command completion.

0x06 Data Compress data from a selected portion of the Flash block. The resulting signature is stored in
Compress |the FDATA register.

0x20 Program | Program a word (two bytes) in the Flash block.

0x40 Sector |Erase all memory bytes in a sector of the Flash block.
Erase
0x41 Mass Erase all memory bytes in the Flash block. A mass erase of the full Flash block is only possible
Erase when FPLDIS, FPHDIS, and FPOPEN bits in the FPROT register are set prior to launching the
command.
0x47 Sector [ Abort the sector erase operation. The sector erase operation will terminate according to a set

Erase procedure. The Flash sector must not be considered erased if the ACCERR flag is set upon
Abort command completion.

CAUTION

A Flash word must be in the erased state before being programmed.
Cumulative programming of bits within a Flash word is not allowed and will
result in invalid data stored.
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24.1.3.1 Erase Verify Command

The erase verify operation is used to confirm that a Flash block is erased. After launching the erase verify
command, the CCIF flag in the FSTAT register will set after the operation has completed unless a second
command has been buffered. The number of bus cycles required to execute the erase verify operation is
equal to the number of addresses in the Flash block plus 12 bus cycles as measured from the time the
CBEIF flag is cleared until the CCIF flag is set. The result of the erase verify operation is reflected in the
state of the BLANK flag in the FSTAT register. If the BLANK flag is set in the FSTAT register, the Flash
memory is erased.

If the ECC logic detects a double bit fault during the erase verify operation, the operation will terminate
immediately and set the DFDIF and ACCERR flags in the FSTAT register. The faulty address will be
stored in the FADDR registers and the ECC parity bits read at the faulty address will be stored in the
FDATALO register. The CCIF flag will set after the DFDIF flag is set and the faulty information is stored
in the FADDR and FDATALO registers.
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Read: Register FCLKDIV

Clock Register
Loaded
Check

Access
Error Check

Bit Polling for
Command

Completion Check

Double Bit
Fault Detection
Check

Blank
Status Check

no

yes Write: Register FCLKDIV

v

Write: Flash Block Address -
and Dummy Data

NOTE: command write sequence
aborted by writing 0x00 to
FSTAT register.

Write: Register FCMD
Erase Verify Command 0x05

NOTE: command write sequence
aborted by writing 0x00 to
FSTAT register.

Write: Register FSTAT
Clear bit CBEIF 0x80

Read: Register FSTAT

Write: Register FSTAT
Clear bit ACCERR 0x10

yes

Read: Register FSTAT

Write: Register FSTAT
Clear bit DFDIF 0x08

'

Mass Erase Flash Block |

i

Flash Block not erased |

EXIT

Figure 2-24. Example Erase Verify Command Flow
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2.4.1.3.2 Data Compress Command

The data compress command is used to check Flash code integrity by compressing data from a selected
portion of the Flash block into a signature analyzer. The starting address for the data compress operation
is defined by the address written during the command write sequence. The number of consecutive word
addresses compressed is defined by the data written during the command write sequence. The number of
words that can be compressed in a single data compress operation ranges from 1 to 16,384. After launching
the data compress command, the CCIF flag in the FSTAT register will set after the data compress
operation has completed. The number of bus cycles required to execute the data compress operation is
equal to two times the number of addresses read plus 20 bus cycles as measured from the time the CBEIF
flag is cleared until the CCIF flag is set. After the CCIF flag is set, the signature generated by the data
compress operation is available in the FDATA register. The signature in the FDATA register can be
compared to the expected signature to determine the integrity of the selected data stored in the Flash block.
If the last address of the Flash block is reached during the data compress operation, data compression will
continue with the starting address of the Flash block.

NOTE

Since the FDATA register (or data buffer) is written to as part of the data
compress operation, a command write sequence is not allowed to be
buffered behind a data compress command write sequence. The CBEIF flag
will not set after launching the data compress command to indicate that a
command must not be buffered behind it. If an attempt is made to start a new
command write sequence with a data compress operation active, the
ACCERR flag in the FSTAT register will be set. A new command write
sequence must only be started after reading the signature stored in the
FDATA register. A Flash array read that generates a double bit fault will
overwrite the contents of the FDATA register.

In order to take corrective action, it is recommended that the data compress command be executed on a
Flash sector or subset of a Flash sector. If the data compress operation on a Flash sector returns an invalid
signature, the Flash sector should be erased using the sector erase command and then reprogrammed using
the program command.

NOTE

During the data compress operation, the Flash array is read with a
sense-amp margin setting that is different from the normal array read
setting. Therefore, if the data compress operation returns an invalid
signature, the section of the Flash array compressed may still be functional.
The failing section of the Flash array could be validated using normal array
read operations.

The data compress command can be used to verify that a sector or sequential set of sectors are erased.

If the ECC logic detects a double bit fault during the data compress operation, the operation will terminate
immediately and set the DFDIF and ACCERR flags in the FSTAT register. The faulty address will be
stored in the FADDR registers and the ECC parity bits read at the faulty address will be stored in the
FDATALO register. The CCIF flag will set after the DFDIF flag is set and the faulty information is stored
in the FADDR and FDATALO registers.
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Read: Register FCLKDIV

Clock Register

Loaded no
Check
yes Write: Register FCLKDIV
Write: Flash address to start
1.| compression and number of -
word addresses to compress (max 16,384)
[
it ; NOTE: command write sequence
Write: Register FCMD o
2. Data Compress Command 0x06 qul_l:ot‘_?_drgg’/igg;[.lng 0x00 to
[
. - NOTE: command write sequence
3. \é\{r'te'b%eggg::':osggr aborted by writing 0x00 to
ear bi X FSTAT register.
|
Read: Register FSTAT
Write: Register FSTAT
Clear bit ACCERR 0x10
Access yes

Error Check

Bit Polling for
Command
Completion Check

Read: Register FSTAT

S Write: Register FSTAT

Fault Detection rite: Register

Check Clear bit DFDIF 0x08 .
Read: Register FDATA
Data Compress Signature

Signature

Signature
Valid?

Erase and Reprogram

Compared to Flash Region Compressed

Known Value

yes¢

EXIT

Figure 2-25. Example Data Compress Command Flow
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Data Compress Operation

The Flash module contains a 16-bit multiple-input signature register (MISR) to generate a 16-bit signature
based on selected Flash array data. The final signature, which is stored in the FDATA register, is based on
the following logic equation which is executed on every data compression cycle during the operation:

MISR[15:0] = {MISR[14:0], "MISR[15,4,2,1]} » DATA[15:0]

Egn. 2-1

where MISR is the content of the internal signature register and DATA is the data to be compressed as
shown in Figure 2-26.

DATA[0] DATA[1] DATA[2] DATA[3] DATA[4] DATA([5] DATA[15]
=D Q=>@—1D QPP—1D QPP—D Q>P—D QI PP—D Q —@—=PQ
MO M1 M2 M3 M4 M5 M15
> > > > > > >
& & &
@ = Exclusive-OR
MISR[15:0] = Q[15:0]
Figure 2-26. 16-Bit MISR Diagram
During the data compress operation, the following steps are executed:
1. MISR is reset to OXFFFF.
2. DATA from the selected Flash array data range is read and compressed into the MISR with address
incrementing.
3. DATA from the selected Flash array data range is read and compressed into the MISR with address
decrementing.
4. The contents of the MISR are written to the FDATA register.
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2.4.1.3.3 Program Command

The program command is used to program a previously erased word in the Flash memory using an

embedded algorithm. If the word to be programmed is in a protected area of the Flash block, the PVIOL
flag in the FSTAT register will set and the program command will not launch. After the program command
has successfully launched, the CCIF flag in the FSTAT register will set after the program operation has

completed unless a second command has been buffered.

A summary of the launching of a program operation is shown in Figure 2-27.

| Read: Register FCLKDIV |

Clock Register

Loaded Bit FDIVLD set?
Check
yes Write: Register FCLKDIV
Write: Flash Address and
1 Program Data <
[
. ; NOTE: command write sequence
Write: Register FCMD P
2. aborted by writing 0x00 to
Program Comrl"nand 0x20 FSTAT register.
. - NOTE: command write sequence
3. \c/:\llrlte.l;?_teggltzeﬁzFOS‘g%T aborted by writing 0x00 to
ear bi X FSTAT register.
|
Read: Register FSTAT
Protection Write: Register FSTAT

Clear bit PVIOL 0x20 —

Violation Check

Access Write: Register FSTAT
Error Check Clear bit ACCERR 0x10 —
yes
Address, Data, Bit yes
Command CBEIF
Set?

Buffer Empty Check
no

Bit Polling for
Command
Completion Check

Read: Register FSTAT

yes‘

EXIT

Figure 2-27. Example Program Command Flow
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24134

Sector Erase Command

The sector erase command is used to erase the addressed sector in the Flash memory using an embedded
algorithm. If the Flash sector to be erased is in a protected area of the Flash block, the PVIOL flag in the
FSTAT register will set and the sector erase command will not launch. After the sector erase command
has successfully launched, the CCIF flag in the FSTAT register will set after the sector erase operation has
completed unless a second command has been buffered.

| Read: Register FCLKDIV |

Clock Register

Loaded Bit FDIVLD set?

Check
yes Write: Register FCLKDIV
1. | Write: Flash Sector Address -
*| and Dummy Data
[
o ) NOTE: command write sequence
Write: Register FCMD oy
2. aborted by writing 0x00 to
Sector Erase Cllommand 0x40 FSTAT register.
— - NOTE: command write sequence
3. \éf”te'tf{tegESLFoSTgﬁT aborted by writing 0x00 to
ear bl X FSTAT register.
|
Read: Register FSTAT
Protection Write: Register FSTAT

Violation Check Clear bit PVIOL 0x20 >

Access Write: Register FSTAT

Error Check Clear bit ACCERR 0x10 >
yes
Address, Data, .
Command Next Write?
Buffer Empty Check
no

Bit Polling for
Command
Completion Check

Read: Register FSTAT

EXIT

Figure 2-28. Example Sector Erase Command Flow
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Chapter 2 128 Kbyte ECC Flash Module (S12FTS128K1ECCV1)

The mass erase command is used to erase a Flash memory block using an embedded algorithm. If the Flash
block to be erased contains any protected area, the PVIOL flag in the FSTAT register will set and the mass
erase command will not launch. After the mass erase command has successfully launched, the CCIF flag
in the FSTAT register will set after the mass erase operation has completed unless a second command has

been buffered.

| Read: Register FCLKDIV

Clock Register

Bit FDIVLD set?

yes

Write: Register FCLKDIV

L]

Write: Flash Block Address
and Dummy Data

-

Write: Register FCMD
Mass Erase Command 0x41

NOTE: command write sequence
aborted by writing 0x00 to
FSTAT register.

Write: Register FSTAT
Clear bit CBEIF 0x80

NOTE: command write sequence
aborted by writing 0x00 to
FSTAT register.

Read: Register FSTAT

Loaded
Check
1.
2.
3.
Protection

Violation Check

Access
Error Check

Address, Data,
Command

Buffer Empty Check

Bit Polling for
Command

Completion Check

Write: Register FSTAT
Clear bit PVIOL 0x20 ‘ »

Write: Register FSTAT
Clear bit ACCERR 0x10 ' »

yes

no

Next Write?

EXIT

Read: Register FSTAT

Figure 2-29. Example Mass Erase Command Flow
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24.1.3.6 Sector Erase Abort Command

The sector erase abort command is used to terminate the sector erase operation so that other sectors in the
Flash block are available for read and program operations without waiting for the sector erase operation
to complete. If the sector erase abort command is launched resulting in the early termination of an active
sector erase operation, the ACCERR flag will set after the operation completes as indicated by the CCIF
flag being set. The ACCERR flag sets to inform the user that the sector may not be fully erased and a new
sector erase command must be launched before programming any location in that specific sector. If the
sector erase abort command is launched but the active sector erase operation completes normally, the
ACCERR flag will not set upon completion of the operation as indicated by the CCIF flag being set.
Therefore, if the ACCERR flag is not set after the sector erase abort command has completed, the sector
being erased when the abort command was launched is fully erased. The maximum number of cycles
required to abort a sector erase operation is equal to four FCLK periods (see Section 2.4.1.1, “Writing the
FCLKDIV Register”) plus five bus cycles as measured from the time the CBEIF flag is cleared until the
CCIF flag is set.

NOTE

Since the ACCERR bit in the FSTAT register may be set at the completion
of the sector erase abort operation, a command write sequence is not
allowed to be buffered behind a sector erase abort command write sequence.
The CBEIF flag will not set after launching the sector erase abort command
to indicate that a command must not be buffered behind it. If an attempt is
made to start a new command write sequence with a sector erase abort
operation active, the ACCERR flag in the FSTAT register will be set. A new
command write sequence may be started after clearing the ACCERR flag, if
set.

NOTE

The sector erase abort command must be used sparingly because a sector
erase operation that is aborted counts as a complete program/erase cycle.
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Execute Sector Erase Command Flow

Bit Polling for
Command
Completion Check

no

1 Write: Dummy'FIash Address
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NOTE: command write sequence
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i |
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aborted by writing 0x00 to 3 | Write: Register FSTAT
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Figure 2-30. Example Sector Erase Abort Command Flow
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24.1.4 lllegal Flash Operations

The ACCERR flag will be set during the command write sequence if any of the following illegal steps are
performed, causing the command write sequence to immediately abort:
1. Writing to a Flash address before initializing the FCLKDIV register.
Writing a byte or misaligned word to a valid Flash address.
Starting a command write sequence while a data compress operation is active.
Starting a command write sequence while a sector erase abort operation is active.
Writing a second word to a Flash address in the same command write sequence.
Writing to any Flash register other than FCMD after writing a word to a Flash address.
Writing a second command to the FCMD register in the same command write sequence.
Writing an invalid command to the FCMD register.

When security is enabled, writing a command other than mass erase to the FCMD register when
the write originates from a non-secure memory location or from the Background Debug Mode.
10. Writing to any Flash register other than FSTAT (to clear CBEIF) after writing to the FCMD
register.

11. Writing a 0 to the CBEIF flag in the FSTAT register to abort a command write sequence.

A S IR

The ACCERR flag will not be set if any Flash register is read during a valid command write sequence.

The ACCERR flag will also be set if any of the following events occur:

1. Launching the sector erase abort command while a sector erase operation is active which results in
the early termination of the sector erase operation (see Section 2.4.1.3.6, “Sector Erase Abort
Command”)

2. A double bit fault is detected in any of the following Flash operations:
a) Array read
b) Erase Verify
c) Data Compress
d) Reset Sequence Array Read (Configuration Field)
3. The MCU enters stop mode and a program or erase operation is in progress. The operation is
aborted immediately and any pending command is purged (see Section 2.5.2, “Stop Mode”).

If the Flash memory is read during execution of an algorithm (i.e., CCIF flag in the FSTAT register is low),
the read operation will return invalid data and the ACCERR flag will not be set.

If the ACCERR flag is set in the FSTAT register, the user must clear the ACCERR flag before starting
another command write sequence (see Section 2.3.2.7, “Flash Status Register (FSTAT)”).

The PVIOL flag will be set after the command is written to the FCMD register during a command write
sequence if any of the following illegal operations are attempted, causing the command write sequence to
immediately abort:

1. Writing the program command if the address written in the command write sequence was in a
protected area of the Flash memory.
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2. Writing the sector erase command if the address written in the command write sequence was in a
protected area of the Flash memory.

3. Writing the mass erase command while any Flash protection is enabled.

If the PVIOL flag is set in the FSTAT register, the user must clear the PVIOL flag before starting another
command write sequence (see Section 2.3.2.7, “Flash Status Register (FSTAT)”).

2.5 Operating Modes

251 Wait Mode

If a command is active (CCIF = 0) when the MCU enters wait mode, the active command and any buffered
command will be completed.

The Flash module can recover the MCU from wait mode if the CBEIF and CCIF interrupts are enabled
(Section 2.8, “Interrupts”).

2.5.2 Stop Mode

If a command is active (CCIF = 0) when the MCU enters stop mode, the operation will be aborted and, if
the operation is program or erase, the Flash array data being programmed or erased may be corrupted and
the CCIF and ACCERR flags will be set. If active, the high voltage circuitry to the Flash memory will
immediately be switched off when entering stop mode. Upon exit from stop mode, the CBEIF flag is set
and any buffered command will not be launched. The ACCERR flag must be cleared before starting a
command write sequence (see Section 2.4.1.2, “Command Write Sequence”).

NOTE

As active commands are immediately aborted when the MCU enters stop
mode, it is strongly recommended that the user does not use the STOP
instruction during program or erase operations.

2.5.3 Background Debug Mode

In background debug mode (BDM), the FPROT register is writable. If the MCU is unsecured, then all
Flash commands listed in Table 2-20 can be executed.

2.6  Flash Module Security

The Flash module provides the necessary security information to the MCU. After each reset, the Flash
module determines the security state of the MCU as defined in Section 2.3.2.2, “Flash Security Register
(FSEC)”.

The contents of the Flash security byte at 0xFFOF in the Flash configuration field must be changed directly
by programming O0xFFOF when the MCU is unsecured and the higher address sector is unprotected. If the
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Flash security byte remains in a secured state, any reset will cause the MCU to initialize to a secure
operating mode.

2.6.1 Unsecuring the MCU using Backdoor Key Access

The MCU may be unsecured by using the backdoor key access feature which requires knowledge of the
contents of the backdoor keys (four 16-bit words programmed at addresses OxFFO0—-0xFFO07). If the
KEYEN][1:0] bits are in the enabled state (see Section 2.3.2.2, “Flash Security Register (FSEC)”) and the
KEYACC bit is set, a write to a backdoor key address in the Flash memory triggers a comparison between
the written data and the backdoor key data stored in the Flash memory. If all four words of data are written
to the correct addresses in the correct order and the data matches the backdoor keys stored in the Flash
memory, the MCU will be unsecured. The data must be written to the backdoor keys sequentially starting
with 0xFF00—0xFFO01 and ending with 0xFF06—0xFF07. 0x0000 and OxFFFF are not permitted as
backdoor keys. While the KEYACC bit is set, reads of the Flash memory will return invalid data.

The user code stored in the Flash memory must have a method of receiving the backdoor key from an
external stimulus. This external stimulus would typically be through one of the on-chip serial ports.

If the KEYEN][1:0] bits are in the enabled state (see Section 2.3.2.2, “Flash Security Register (FSEC)”),
the MCU can be unsecured by the backdoor access sequence described below:
1. Set the KEYACC bit in the Flash configuration register (FCNFG).

2. Write the correct four 16-bit words to Flash addresses OxFFO0—OxFF07 sequentially starting with
0xFFO00.

3. Clear the KEYACC bit.

4. If all four 16-bit words match the backdoor keys stored in Flash addresses 0OxFF00—-0xFFO07, the
MCU is unsecured and the SEC[1:0] bits in the FSEC register are forced to the unsecure state of
1:0.

The backdoor key access sequence is monitored by an internal security state machine. An illegal operation
during the backdoor key access sequence will cause the security state machine to lock, leaving the MCU
in the secured state. A reset of the MCU will cause the security state machine to exit the lock state and
allow a new backdoor key access sequence to be attempted. The following operations during the backdoor
key access sequence will lock the security state machine:

1. Ifany of the four 16-bit words does not match the backdoor keys programmed in the Flash array.
Double bit faults detected while reading the backdoor keys from the Flash array are ignored.

If the four 16-bit words are written in the wrong sequence.

If more than four 16-bit words are written.

If any of the four 16-bit words written are 0x0000 or OxFFFF.

If the KEYACC bit does not remain set while the four 16-bit words are written.
6. If any two of the four 16-bit words are written on successive MCU clock cycles.

Al

After the backdoor keys have been correctly matched, the MCU will be unsecured. After the MCU is
unsecured, the Flash security byte can be programmed to the unsecure state, if desired.
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In the unsecure state, the user has full control of the contents of the backdoor keys by programming
addresses 0xFFO0—0xFF07 in the Flash configuration field.

The security as defined in the Flash security byte (OxFFOF) is not changed by using the backdoor key
access sequence to unsecure. The backdoor keys stored in addresses 0OxFFO0—0xFF07 are unaffected by
the backdoor key access sequence. After the next reset of the MCU, the security state of the Flash module
is determined by the Flash security byte (OxFFOF). The backdoor key access sequence has no effect on the
program and erase protections defined in the Flash protection register.

It is not possible to unsecure the MCU in special single-chip mode by using the backdoor key access
sequence via the background debug mode (BDM).

2.6.2 Unsecuring the Flash Module in Special Single-Chip Mode using
BDM

The MCU can be unsecured in special single-chip mode by erasing the Flash module by the following
method :

* Reset the MCU into special single-chip mode, delay while the erase test is performed by the BDM

secure ROM, send BDM commands to disable protection in the Flash module, and execute a mass
erase command write sequence to erase the Flash memory.

After the CCIF flag sets to indicate that the mass operation has completed, reset the MCU into special
single-chip mode. The BDM secure ROM will verify that the Flash memory is erased and will assert the
UNSEC bit in the BDM status register. This BDM action will cause the MCU to override the Flash security
state and the MCU will be unsecured. All BDM commands will be enabled and the Flash security byte
may be programmed to the unsecure state by the following method:
* Send BDM commands to execute a word program sequence to program the Flash security byte to
the unsecured state and reset the MCU.

2.7 Resets

2.7.1 Flash Reset Sequence

On each reset, the Flash module executes a reset sequence to hold CPU activity while loading the following
registers from the Flash memory according to Table 2-2:

» FPROT — Flash Protection Register (see Section 2.3.2.5).

If a double bit fault is detected during the read of the protection field as part of the reset sequence,
the FPOPEN bit in the FPROT register will be clear and remaining bits will be set leaving the Flash
block fully protected from program and erase.

» FSEC — Flash Security Register (see Section 2.3.2.2).

If a double bit fault is detected during the read of the security field as part of the reset sequence, all
bits in the FSEC register will be set leaving the Flash module in a secure state with Backdoor Key
Access disabled.
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If a double bit fault is detected during array reads as part of the reset sequence, the ACCERR flag will set
in the FSTAT register.

2.7.2 Reset While Flash Command Active

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

2.8

The Flash module can generate an interrupt when all Flash command operations have completed, when the
Flash address, data, and command buffers are empty, or when a Flash array read or operation has detected

Interrupts

a double bit fault.

Table 2-21. Flash Interrupt Sources

Interrupt Source Interrupt Flag Local Enable Global (CCR)
Mask

Flash Address, Data and Command CBEIF CBEIE 1-Bit
Buffers empty (FSTAT register) (FCNFG register)

CCIF CCIE .

All Flash commands completed (FSTAT register) (FCNFG register) I-Bit

Flash array read or verify operation DFDIF DFDIE 1-Bit
detected a double bit fault (FSTAT register) (FCNFG register)

NOTE
Vector addresses and their relative interrupt priority are determined at the

MCU level.

2.8.1
The logic used for generating interrupts is shown in Figure 2-31.

The Flash module uses the CBEIF and CCIF flags in combination with the CBIE and CCIE enable bits to
generate the Flash command interrupt request. The Flash module uses the DFDIF flag in combination with
the DFDIE enable bit to generate the Flash double fault detect interrupt request.

Description of Flash Interrupt Operation
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CBEI F —
CBEIE —

Fl ash Conmand | nterrupt Request

COF —
coE — |

Fl ash Doubl e Fault Detect Interrupt Request

3
4

Figure 2-31. Flash Interrupt Implementation

For a detailed description of the register bits, refer to Section 2.3.2.4, “Flash Configuration Register
(FCNFQG)” and Section 2.3.2.7, “Flash Status Register (FSTAT)”.
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Chapter 3
2 Kbyte EEPROM Module (S12EETS2KV1)

3.1 Introduction

This document describes the EETS2K module which is a 2 Kbyte EEPROM (nonvolatile) memory. The
EETS2K block uses a small sector Flash memory to emulate EEPROM functionality. It is an array of
electrically erasable and programmable, nonvolatile memory. The EEPROM memory is organized as 1024
rows of 2 bytes (1 word). The EEPROM memory’s erase sector size is 2 rows or 2 words (4 bytes).

The EEPROM memory may be read as either bytes, aligned words, or misaligned words. Read access time
is one bus cycle for byte and aligned word, and two bus cycles for misaligned words.

Program and erase functions are controlled by a command driven interface. Both sector erase and mass
erase of the entire EEPROM memory are supported. An erased bit reads 1 and a programmed bit reads 0.
The high voltage required to program and erase is generated internally by on-chip charge pumps.

It is not possible to read from the EEPROM memory while it is being erased or programmed.

The EEPROM memory is ideal for data storage for single-supply applications allowing for field
reprogramming without requiring external programming voltage sources.
CAUTION

An EEPROM word must be in the erased state before being programmed.
Cumulative programming of bits within a word is not allowed.

3.1.1 Glossary

Command Write Sequence — A three-step MCU instruction sequence to program, erase, or erase verify
the EEPROM.

3.1.2 Features

+ 2 Kbytes of EEPROM memory

* Minimum erase sector of 4 bytes

* Automated program and erase algorithms

* Interrupts on EEPROM command completion and command buffer empty

» Fast sector erase and word program operation

» 2-stage command pipeline

» Flexible protection scheme for protection against accidental program or erase
» Single power supply program and erase
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3.1.3 Modes of Operation

Program and erase operation (please refer to Section 3.4.1 for details).

3.1.4 Block Diagram
Figure 3-1 shows a block diagram of the EETS2K module.

EETS2K
Command EEPROM Array
Interface 1024 * 16 Bits
N N o
Registers N—V .
rowl
1
- : |
Command Pipeline 1073 Command
comm?2 comml (I:otmplet?
addr2 | addrl memp
data2 datal
Command
Buffer Empty
Interrupt
Oscillator Clock
Clock I Divider EECLK

Figure 3-1. EETS2K Block Diagram

3.2  External Signal Description

The EETS2K module contains no signals that connect off chip.

3.3 Memory Map and Register Definition

This section describes the EETS2K memory map and registers.

3.3.1 Module Memory Map

Figure 3-2 shows the EETS2K memory map. Location of the EEPROM array in the MCU memory map
is defined in the Device Overview chapter and is reflected in the INITEE register contents defined in the
INT block description chapter. Shown within the EEPROM array are: a protection/reserved field and
user-defined EEPROM protected sectors. The 16-byte protection/reserved field is located in the EEPROM
array from address 0x07F0 to 0x07FF. A description of this protection/reserved field is given in Table 3-1.
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Table 3-1. EEPROM Protection/Reserved Field

Address Offset (BSyItZ:s) Description

0x07F0 — Ox07FC 13 Reserved
0x07FD 1 EEPROM protection byte

O0x07FE — OX07FF 2 Reserved

The EEPROM module has hardware interlocks which protect data from accidental corruption. A protected
sector is located at the higher address end of the EEPROM array, just below address 0x07FF. The protected
sector in the EEPROM array can be sized from 64 bytes to 512 bytes. In addition, the EPOPEN bit in the
EPROT register, described in Section 3.3.2.5, “EEPROM Protection Register (EPROT)”, can be set to
globally protect the entire EEPROM array.

Chip security is defined at the MCU level.

(12 BYTES)

MODULE BASE + 0x0000
EEPROM Registers

MODULE BASE + 0x000B

EEPROM BASE + 0x0000

1536 BYTES

EEPROM ARRAY

0x0600 5
0x0640
0x0680
0x06CO0

0x0700 EEPROM Protected High Sectors
X0 " 64,128, 192, 256, 320, 384, 448, 512 bytes
0x0740

0x0780
0x07CO
EEPROM BASE + 0x07FF -

™

0x07F0 — Ox07FF, EEPROM Protection/Reserved Field
Figure 3-2. EEPROM Memory Map
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The EEPROM module also contains a set of 12 control and status registers located in address space module
base + 0x0000 to module base + 0x000B.

Table 3-2 gives an overview of all EETS2K registers.

Table 3-2. EEPROM Register Map

Module Register Name Normal Mode
Base + Access
0x0000 EEPROM Clock Divider Register (ECLKDIV) R/W
0x0001 |RESERVED1! R
0x0002 RESERVED2! R
0x0003 EEPROM Configuration Register (ECNFG) R/W
0x0004 EEPROM Protection Register (EPROT) R/W
0x0005 EEPROM Status Register (ESTAT) R/W
0x0006 EEPROM Command Register (ECMD) R/W
0x0007 |RESERVED3! R
0x0008 EEPROM High Address Register (EADDRH]I) R/W
0x0009 EEPROM Low Address Register (EADDRLO) R/W
0x000A EEPROM High Data Register (EDATAHI) R/W
0x000B EEPROM Low Data Register (EDATALO) R/W

1 Intended for factory test purposes only.
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3.3.2 Register Descriptions

Register Bit 7 6 5 4 3 2 1 Bit 0
Name
0x0000 R| EDIVLD
ECLKDIV W PRDIV8 | EDIV5 EDIV4 EDIV3 EDIV2 EDIV1 EDIVO
0x0001 R 0 0 0 0 0 0 0 0
RESERVEDL
0x0002 R 0 0 0 0 0 0 0 0
RESERVED2
0x0003 R 0 0 0 0 0 0
ECNFG w| CBEE CCIE
0x0004 R NV6 NV5 NV4
EPROT W | EPOPEN EPDIS EP2 EP1 EPO
0x0005 R CCIF 0 BLANK 0 0
ESTAT w| CBEF PVIOL | ACCERR
0x0006 R 0 0 0 0
ECMD W CMDB6 | CMDBS5 CMDB2 CMDBO
0x0007 R 0 0 0 0 0 0 0 0
RESERVED3
0x0008 R 0 0 0 0 0 0
EADDRHI W EABHI
0x0009 R
EADDRLO W EABLO
0X000A R o
EDATAHI W
0x000B R
EDATALO W EDLO

I:I = Unimplemented or Reserved

Figure 3-3. EETS2K Register Summary

3.3.2.1 EEPROM Clock Divider Register (ECLKDIV)

The ECLKDIV register is used to control timed events in program and erase algorithms.
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Module Base + 0x0000

7 6 5 4 3 2 1 0
R| EDIVLD
PRDIV8 EDIV5 EDIV4 EDIV3 EDIV2 EDIV1 EDIVO
w
Reset 0 0 0 0 0 0 0 0

:z Unimplemented or Reserved

Figure 3-4. EEPROM Clock Divider Register (ECLKDIV)

All bits in the ECLKDIV register are readable while bits 6-0 are write once and bit 7 is not writable.
Table 3-3. ECLKDIV Field Descriptions

Field Description

7 Clock Divider Loaded
EDIVLD |0 Register has not been written.
1 Register has been written to since the last reset.

6 Enable Prescaler by 8
PRDIV8 |0 The oscillator clock is directly fed into the ECLKDIV divider.
1 The oscillator clock is divided by 8 before feeding into the clock divider.

5:0 Clock Divider Bits — The combination of PRDIV8 and EDIV[5:0] must divide the oscillator clock down to a
EDIV[5:0] |frequency of 150 kHz — 200 kHz. The maximum divide ratio is 512. Please refer to Section 3.4.1.1, “Writing the
ECLKDIV Register” for more information.

3.3.2.2 RESERVED1
This register is reserved for factory testing and is not accessible to the user.

Module Base + 0x0001

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

W
Reset 0 0 0 0 0 0 0 0

I:I = Unimplemented or Reserved

Figure 3-5. RESERVED1

All bits read 0 and are not writable.

3.3.2.3 RESERVED2

This register is reserved for factory testing and is not accessible to the user.
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Module Base + 0x0002

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

w
Reset 0 0 0 0 0 0 0 0

:z Unimplemented or Reserved

Figure 3-6. RESERVED2

All bits read 0 and are not writable.

3.3.2.4

EEPROM Configuration Register (ECNFG)

The ECNFG register enables the EEPROM interrupts.

Module Base + 0x0003

7 6 5 4 3 2 1 0
R 0 0 0 0 0 0
CBEIE CCIE
w
Reset 0 0 0 0 0 0 0 0

I:Iz Unimplemented or Reserved

Figure 3-7. EEPROM Configuration Register (ECNFG)

CBEIE and CCIE bits are readable and writable while bits 5-0 read 0 and are not writable.

Table 3-4. ECNFG Field Descriptions

Field Description
7 Command Buffer Empty Interrupt Enable — The CBEIE bit enables the interrupts in case of an empty
CBEIE command buffer in the EEPROM.
0 Command buffer empty interrupts disabled.
1 Aninterrupt will be requested whenever the CBEIF flag is set (see Section 3.3.2.6, “EEPROM Status Register
(ESTAT)").
6 Command Complete Interrupt Enable — The CCIE bit enables the interrupts in case of all commands being
CCIE completed in the EEPROM.
0 Command complete interrupts disabled.
1 Aninterrupt will be requested whenever the CCIF flag is set (see Section 3.3.2.6, “EEPROM Status Register
(ESTAT)").
3.3.25 EEPROM Protection Register (EPROT)

The EPROT register defines which EEPROM sectors are protected against program or erase.
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Module Base + 0x0004

7 6 5 4 3 2 1 0
R NV6 NV5 NV4
EPOPEN EPDIS EP2 EP1 EPO
W
Reset F F F F F F F F

:z Unimplemented or Reserved

Figure 3-8. EEPROM Protection Register (EPROT)

The EPROT register is loaded from EEPROM array address 0x07FD during reset, as indicated by the F in
Figure 3-8.

All bits in the EPROT register are readable. Bits NV[6:4] are not writable. The EPOPEN and EPDIS bits
in the EPROT register can only be written to the protected state (i.e., 0). The EP[2:0] bits can be written
anytime until bit EPDIS is cleared. If the EPOPEN bit is cleared, then the state of the EPDIS and EP[2:0]
bits is irrelevant.

To change the EEPROM protection that will be loaded on reset, the upper sector of EEPROM must first
be unprotected, then the EEPROM protect byte located at address 0x07FD must be written to.

A protected EEPROM sector is disabled by the EPDIS bit while the size of the protected sector is defined
by the EP bits in the EPROT register.

Trying to alter any of the protected areas will result in a protect violation error and PVIOL flag will be set
in the ESTAT register. A mass erase of a whole EEPROM block is only possible when protection is fully
disabled by setting the EPOPEN and EPDIS bits. An attempt to mass erase an EEPROM block while
protection is enabled will set the PVIOL flag in the ESTAT register.

Table 3-5. EPROT Field Descriptions

Field Description

7 Opens EEPROM for Program or Erase

EPOPEN |0 The whole EEPROM array is protected. In this case, the EPDIS and EP bits within the protection register are
ignored.
1 The EEPROM sectors not protected are enabled for program or erase.
6:4 Nonvolatile Flag Bits — These three bits are available to the user as nonvolatile flags.

NV[6:4]

3 EEPROM Protection Address Range Disable — The EPDIS bit determines whether there is a protected area

EPDIS in the space of the EEPROM address map.
0 Protection enabled
1 Protection disabled

2:0 EEPROM Protection Address Size — The EP[2:0] bits determine the size of the protected sector. Refer to
EP[2:0] Table 3-6.
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Table 3-6. EEPROM Address Range Protection

EP[2:0] Adgrrg;’zclt?igwge Protected Size
000 0x07C0-0x07FF 64 bytes
001 0x0780-0x07FF 128 bytes
010 0x0740-0x07FF 192 bytes
011 0x0700-0x07FF 256 bytes
100 0x06C0-0x07FF 320 bytes
101 0x0680-0x07FF 384 bytes
110 0x0640-0x07FF 448 bytes
111 0x0600-0x07FF 512 bytes

3.3.2.6 EEPROM Status Register (ESTAT)

The ESTAT register defines the EEPROM state machine command status and EEPROM array access,
protection and erase verify status.

Module Base + 0x0005

7 6 5 4 3 2 1 0
R CCIF 0 BLANK 0 0
CBEIF PVIOL ACCERR
w
Reset 1 1 0 0 0 0 0 0

I:Iz Unimplemented or Reserved

Figure 3-9. EEPROM Status Register (ESTAT - Normal Mode)

Module Base + 0x0005

7 6 5 4 3 2 1 0
R CCIF 0 BLANK DONE
CBEIF PVIOL ACCERR FAIL
w
Reset 1 1 0 0 0 0 0 1

I:I: Unimplemented or Reserved

Figure 3-10. EEPROM Status Register (ESTAT - Special Mode)

CBEIF, PVIOL, and ACCERR bits are readable and writable, CCIF and BLANK bits are readable but not
writable, remaining bits read 0 and are not writable in normal mode. FAIL is readable and writable in
special mode. FAIL must be clear when starting a command write sequence. DONE is readable but not
writable in special mode.
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Table 3-7. ESTAT Field Descriptions

Field Description
7 Command Buffer Empty Interrupt Flag — The CBEIF flag indicates that the address, data, and command
CBEIF buffers are empty so that a new command sequence can be started. The CBEIF flag is cleared by writing a 1 to
CBEIF. Writing a 0 to the CBEIF flag has no effect on CBEIF. Writing a 0 to CBEIF after writing an aligned word
to the EEPROM address space but before CBEIF is cleared will abort a command sequence and cause the
ACCERR flag in the ESTAT register to be set. Writing a 0 to CBEIF outside of a command sequence will not set
the ACCERR flag. The CBEIF flag is used together with the CBEIE bit in the ECNFG register to generate an
interrupt request.
0 Buffers are full
1 Buffers are ready to accept a new command
6 Command Complete Interrupt Flag — The CCIF flag indicates that there are no more commands pending. The
CCIF CCIF flag is cleared when CBEIF is cleared and sets automatically upon completion of all active and pending
commands. The CCIF flag does not set when an active command completes and a pending command is fetched
from the command buffer. Writing to the CCIF flag has no effect. The CCIF flag is used together with the CCIE
bit in the ECNFG register to generate an interrupt request.
0 Command in progress
1 All commands are completed
5 Protection Violation — The PVIOL flag indicates an attempt was made to program or erase an address in a
PVIOL protected EEPROM memory area (Section 3.4.1.4, “lllegal EEPROM Operations”). The PVIOL flag is cleared by
writing a 1 to PVIOL. Writing a 0 to the PVIOL flag has no effect on PVIOL. While PVIOL is set, it is not possible
to launch another command in the EEPROM.
0 No failure
1 A protection violation has occurred
4 EEPROM Access Error — The ACCERR flag indicates an illegal access to the selected EEPROM array
ACCERR | (Section 3.4.1.4, “lllegal EEPROM Operations). This can be either a violation of the command sequence, issuing
an illegal command (illegal combination of the CMDBX bits in the ECMD register) or the execution of a CPU
STOP instruction while a command is executing (CCIF = 0). The ACCERR flag is cleared by writing a 1 to
ACCERR. Writing a 0 to the ACCERR flag has no effect on ACCERR. While ACCERR is set, it is not possible to
launch another command in the EEPROM.
0 No failure
1 Access error has occurred
2 Array Has Been Verified as Erased — The BLANK flag indicates that an erase verify command has checked
BLANK the EEPROM array and found it to be erased. The BLANK flag is cleared by hardware when CBEIF is cleared
as part of a new valid command sequence. Writing to the BLANK flag has no effect on BLANK.
0 If an erase verify command has been requested and the CCIF flag is set, then a 0 in BLANK indicates array
is not erased
1 EEPROM array verifies as erased
1 Flag Indicating a Failed EEPROM Operation — The FAIL flag will set if the erase verify operation fails
FAIL (EEPROM block verified as not erased). The FAIL flag is cleared writing a 1 to FAIL. Writing a 0 to the FAIL flag
has no effect on FAIL.
0 EEPROM operation completed without error
1 EEPROM operation failed
0 Flag Indicating a Completed EEPROM Operation
DONE 0 EEPROM operation is active (program, erase, erase verify)
1 EEPROM operation not active
3.3.2.7 EEPROM Command Register (ECMD)

The ECMD register defines the EEPROM commands.
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Module Base + 0x0006

7 6 5 4 3 2 1 0
R 0 0 0 0
CMDB6 CMDBS CMDB2 CMDBO
w
Reset 0 0 0 0 0 0 0 0

:z Unimplemented or Reserved

Figure 3-11. EEPROM Command Register (ECMD)

CMDB6, CMDBS5, CMDB2, and CMDBO bits are readable and writable during a command sequence
while bits 7, 4, 3, and 1 read 0 and are not writable.

Table 3-8. ECMD Field Descriptions

Field Description

6,5,2,0 [EEPROM Command — Valid EEPROM commands are shown in Table 3-9. Any other command written than
CMDBJ6:5] |those mentioned in Table 3-9 sets the ACCERR bit in the ESTAT register.

CMDB2

CMDBO

Table 3-9. Valid EEPROM Command List

Command Meaning
0x05 Erase verify
0x20 Word program
0x40 Sector erase
0x41 Mass erase
0x60 Sector modify

3.3.2.8 RESERVEDS3

This register is reserved for factory testing and is not accessible to the user.

Module Base + 0x0007

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

w
Reset 0 0 0 0 0 0 0 0

I:Iz Unimplemented or Reserved

Figure 3-12. RESERVED3

All bits read 0 and are not writable.

MC9S12KG128 Data Sheet, Rev. 1.16

Freescale Semiconductor 127



Chapter 3 2 Kbhyte EEPROM Module (S12EETS2KV1)
3.3.2.9 EEPROM Address Register (EADDR)
EADDRHI and EADDRLO are the EEPROM address registers.

Module Base + 0x0008

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

I:I: Unimplemented or Reserved

Figure 3-13. EEPROM Address High Register (EADDRHI)

Module Base + 0x0009

7 6 5 4 ‘ 3 2 1 0
R
EABLO
W
Reset 0 0 0 0 ‘ 0 0 0 0

Figure 3-14. EEPROM Address Low Register (EADDRLO)
In normal modes, all EADDRHI and EADDRLO bits read 0 and are not writable.

In special modes, all EADDRHI and EADDRLO bits are readable and writable except EADDRHI[7:2]
which are not writable and always read 0.

For sector erase, the MCU address bits AB[1:0] are ignored.

For mass erase, any address within the block is valid to start the command.
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3.3.2.10 EEPROM Data Register (EDATA)
EDATAHI and EDATALO are the EEPROM data registers.

Module Base + 0x000A

7 6 5 4 ‘ 3 2 1 0
R
EDHI
W
Reset 0 0 0 0 ‘ 0 0 0 0

Figure 3-15. EEPROM Data High Register (EDATAHI)

Module Base + 0x000B

7 6 5 4 ‘ 3 2 1 0
R
EDLO
W
Reset 0 0 0 0 ‘ 0 0 0 0

Figure 3-16. EEPROM Data Low Register (EDATALO)

In normal modes, all EDATAHI and EDATALO bits read 0 and are not writable.
In special modes, all EDATAHI and EDATALO bits are readable and writable.

3.4  Functional Description

3.4.1 Program and Erase Operation

Write and read operations are both used for the program and erase algorithms described in this subsection.
These algorithms are controlled by a state machine whose timebase, EECLK, is derived from the oscillator
clock via a programmable divider. The command register as well as the associated address and data
registers operate as a buffer and a register (2-stage FIFO) so that a new command along with the necessary
data and address can be stored to the buffer while the previous command is remains in progress. The
pipelined operation allows a simplification of command launching. Buffer empty as well as command
completion are signalled by flags in the EEPROM status register. Interrupts for the EEPROM will be
generated if enabled.

The next four subsections describe:
* How to write the ECLKDIV register.
* Command write sequences used to program, erase, and verify the EEPROM memory.
* Valid EEPROM commands.
* Errors resulting from illegal EEPROM operations.

MC9S12KG128 Data Sheet, Rev. 1.16

Freescale Semiconductor 129



Chapter 3 2 Kbhyte EEPROM Module (S12EETS2KV1)

34.1.1 Writing the ECLKDIV Register

Prior to issuing any program or erase command, it is first necessary to write the ECLKDIV register to
divide the oscillator down to within 150 kHz to 200 kHz range. The program and erase timings are also a
function of the bus clock, such that the ECLKDIV determination must take this information into account.
If we define:

» EECLK as the clock of the EEPROM timing control block
» Tbus as the period of the bus clock

« INT(x) as taking the integer part of x (e.g., INT(4.323)=4), then ECLKDIV register bits PRDIVS§
and EDIV[5:0] are to be set as described in Figure 3-17.

For example, if the oscillator clock is 950 kHz and the bus clock is 10 MHz, ECLKDIV bits EDIV[5:0]
must be set to 4 (binary 000100) and bit PRDIVS set to 0. The resulting EECLK is then 190 kHz. As a
result, the EEPROM algorithm timings are increased over optimum target by:

(200 — 190)/200 x 100 = 5%

Command execution time will increase proportionally with the period of EECLK.

CAUTION

Because of the impact of clock synchronization on the accuracy of the
functional timings, programming or erasing the EEPROM cannot be
performed if the bus clock runs at less than 1 MHz. Programming the
EEPROM with an oscillator clock < 150 kHz must be avoided. Setting
ECLKDIV to a value such that EECLK < 150 kHz can reduce the lifetime
of the EEPROM due to overstress. Setting ECLKDIV to a value such that
(1/EECLK+Tbus) < 5us can result in incomplete programming or erasure
of the memory array cells.

If the ECLKDIV register is written, the bit EDIVLD is set automatically. If this bit is 0, the register has
not been written since the last reset. EEPROM commands will not be executed if this register has not been
written to.
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NO
PROGRAM/ERASE IMPOSSIBLE

yes

PRDIV8 = 0 (reset)

OSCILLATOR
CLOCK
> 12.8 MHz?

PRDIV8 = 1 _ .
PRDCLK = oscillator clock/8 PRDCLK = oscillator clock

NO

PRDCLK[MHz]*(5+Tbus[us])
an integer?

EDIV[5:0] = INT(PRDCLK[MHz]*(5+Tbus[us]))

EDIV[5:0] = PRDCLK[MHz]*(5+Tbus[us])-1

TRY TO DECREASE Thus

EECLK = (PRDCLK)/(1+EDIV[5:0])

1/EECLK [MHz] + Tbus[ms] 25
AND

EECLK > 0.15 MHz

YES

EDIV[5:0] = 4?

PROGRAM/ERASE IMPOSSIBLE

Figure 3-17. PRDIV8 and EDIV Bits Determination Procedure
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3.4.1.2 Command Write Sequence

The EEPROM command controller is used to supervise the command write sequence to execute program,
erase, mass erase, sector modify, and erase verify operations. Before starting a command write sequence,
it is necessary to check that there is no pending access error or protection violation (the ACCERR and
PVIOL flags must be cleared in the ESTAT register).

After this initial step, the CBEIF flag must be tested to ensure that the address, data and command buffers
are empty. If so, the command sequence can be started. The following 3-step command write sequence
must be strictly adhered to and no intermediate access to the EEPROM array is permitted between the 3
steps. It is possible to read any EEPROM register during a command sequence. The command write
sequence is as follows:

1. Write an aligned word to be to a valid EEPROM array address. The address and data will be stored
in internal buffers.

— For program and sector modify, all address and data bits are valid.
— For erase, the value of the data bytes are ignored.

— For mass erase and erase verify, the address can be anywhere in the available address space of
the array.

— For sector erase, the address bits[1:0] are ignored.
Write a valid command, listed in Table 3-10, to the ECMD register.

3. Clear the CBEIF flag by writing a 1 to CBEIF to launch the command. When the CBEIF flag is
cleared, the CCIF flag is cleared by hardware indicating that the command was successfully
launched. The CBEIF flag will be set again indicating the address, data, and command buffers are
ready for a new command write sequence to begin.

The completion of the command is indicated by the CCIF flag setting. The CCIF flag only sets when all
active and pending commands have been completed.

The EEPROM command controller will flag errors in command write sequences by means of the
ACCERR (access error) and PVIOL (protection violation) flags in the ESTAT register. An erroneous
command write sequence will abort and set the appropriate flag. If set, the user must clear the ACCERR
or PVIOL flags before commencing another command write sequence. By writing a 0 to the CBEIF flag
the command sequence can be aborted after the word write to the EEPROM address space or after writing
a command to the ECMD register and before the command is launched. Writing a 0 to the CBEIF flag in
this way will set the ACCERR flag.

A summary of the launching of a program operation is shown in Figure 3-18. For other operations, the user
writes the appropriate command to the ECMD register.
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| Read: Register ECLKDIV |

Clock Register

Written Bit EDIVLD set?
Check
yes Write: Register ECLKDIV
Write: Array Address and
1 Program Data <
[
e ; NOTE: command sequence
Write: Register ECMD 7
2. Program Command 0x20 E%ql%?rdrggi;‘tlgﬂng 0x00 to
[
. - NOTE: command sequence
3. \(’:Vl”te' Register ESTAT aborted by writing 0x00 to
ear bit CBEIF 0x80 ESTAT register.
|
Read: Register ESTAT
Protection Write: Register ESTAT 3
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Error Check Clear bit ACCERR 0x10 >
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Command Next Write?
Buffer Empty Check
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Command

Completion Check

EXIT

Read: Register ESTAT

Figure 3-18. Example Program Command Flow
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3.4.1.3 Valid EEPROM Commands

Table 3-10 summarizes the valid EEPROM commands. Also shown are the effects of the commands on
the EEPROM array.
Table 3-10. Valid EEPROM Commands

ECMD Meaning Function on EEPROM Array

0x05 Erase Verify | Verify all memory bytes of the EEPROM array are erased. If the array is erased, the BLANK bit
will set in the ESTAT register upon command completion.

0x20 Program Program a word (two bytes).

0x40 Sector Erase | Erase two words (four bytes) of EEPROM array.

0x41 Mass Erase Erase all of the EEPROM array. A mass erase of the full array is only possible when EPDIS and
EPOPEN are set.

0x60 Sector Modify | Erase two words of EEPROM, re-program one word.

CAUTION

An EEPROM word must be in an erased state before being programmed.
Cumulative programming of bits within a word is not allowed.

The sector modify command (0x60) is a two-step command which first erases a sector (2 words) of the
EEPROM array and then re-programs one of the words in that sector. The EEPROM sector which is erased
by the sector modify command is the sector containing the address of the aligned array write which starts
the valid command sequence. That same address is re-programmed with the data which is written. By
launching a sector modify command and then pipelining a program command it is possible to completely
replace the contents of an EEPROM sector.

3.4.1.4 lllegal EEPROM Operations

The ACCERR flag will be set during the command write sequence if any of the following illegal
operations are performed causing the command write sequence to immediately abort:

1. Writing to the EEPROM address space before initializing ECLKDIV.

2. Writing a misaligned word or a byte to the valid EEPROM address space.
3. Writing to the EEPROM address space while CBEIF is not set.
4

Writing a second word to the EEPROM address space before executing a program or erase
command on the previously written word.

5. Writing to any EEPROM register other than ECMD after writing a word to the EEPROM address
space.

6. Writing a second command to the ECMD register before executing the previously written
command.

Writing an invalid command to the ECMD register in normal mode.

8. Writing to any EEPROM register other than ESTAT (to clear CBEIF) after writing to the command
register (ECMD).
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9. The part enters stop mode and a program or erase command is in progress. The command is aborted
and any pending command is killed.

10. A 0 is written to the CBEIF bit in the ESTAT register.
The ACCERR flag will not be set if any EEPROM register is read during the command sequence.

If the EEPROM array is read during execution of an algorithm (i.e., CCIF bit in the ESTAT register is
low), the read will return non-valid data and the ACCERR flag will not be set.

When an ACCERR flag is set in the ESTAT register, the command state machine is locked. It is not
possible to launch another command until the ACCERR flag is cleared.

The PVIOL flag will be set during the command write sequence after the word write to the EEPROM
address space and the command sequence will be aborted if any of the following illegal operations are
performed.

1. Writing a EEPROM address to program in a protected area of the EEPROM.
2. Writing a EEPROM address to erase in a protected area of the EEPROM.
3. Writing the mass erase command to ECMD while any protection is enabled.

When the PVIOL flag is set in the ESTAT register the command state machine is locked. It is not possible
to launch another command until the PVIOL flag is cleared.

3.5 Operating Modes

35.1 Wait Mode

If an EEPROM command is active (CCIF = 0) when the MCU enters wait mode, that command and any
pending command will be completed.

The EETS2K module can recover the MCU from wait mode if the interrupts are enabled (see Section 3.7,
“Interrupts”).

3.5.2 Stop Mode

If a command is active (CCIF = 0) when the MCU enters stop mode, the operation will be aborted and if
the operation is program, erase, or sector modify, the data being programmed or erased may be corrupted
and the CCIF and ACCERR flags will be set. If active, the high voltage circuitry to the EEPROM array
will be switched off when entering stop mode. Upon exit from stop mode, the CBEIF flag is set and any
pending command will not be launched. The ACCERR flag must be cleared before starting a new
command write sequence.

NOTE

As active commands are immediately aborted when the MCU enters stop
mode, it is strongly recommended that the user does not use the STOP
instruction during program, erase, or sector modify operations.
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3.5.3 Background Debug Mode

In background debug mode (BDM), the EPROT register is writable. If the chip is unsecured then all
EEPROM commands listed in Table 3-10 can be executed. If the chip is secured in special single-chip
mode, then the only possible command to execute is mass erase.

3.6 Resets

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

3.7 Interrupts

The EEPROM module can generate an interrupt when all EEPROM commands are completed or the
address, data, and command buffers are empty.

Table 3-11. EEPROM Interrupt Sources

Interrupt Source Interrupt Flag Local Enable Global (CCR) Mask
EEPROM address, data and CBEIF CBEIE | Bit
command buffers empty (ESTAT register)

All commands are completed CCIF CCIE | Bit
on EEPROM (ESTAT register)
NOTE
Vector addresses and their relative interrupt priority are determined at the
MCU level.

For a detailed description of the register bits, refer to Section 3.3.2.4, “EEPROM Configuration Register
(ECNFG)” and Section 3.3.2.6, “EEPROM Status Register (ESTAT)”.
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Port Integration Module (PIMOKG128V1)

4.1 Introduction

The Port Integration Module (PIM) establishes the interface between the peripheral modules and the /O

pins for ports H, J, M, P, S and T.

This section covers:

» Port H associated with the two SPI modules — SPI1 and SPI2. These ports can also be used as

external interrupt sources.

» Port J associated with 1 IIC module and the CAN4 module, which can also be used as an external

interrupt source

» Port M associated with 2 CAN modules — CANO and CAN4, the SPI module associated with port

S

* Port P connected to either the PWM or the two SPI modules associated with Port H, which also can

be used as an external interrupt source
» Port S associated with 2 SCI and 1 SPI module
e Port T connected to TIM module

Each I/0 pin can be configured by several registers in order to select data direction and drive strength, to
enable and select pull-up or pull-down resistors. On certain pins also interrupts can be enabled which result

in status flags.

The I/O’s of 2 CAN and all 3 SPI modules can be routed from their default location to determined pins.

41.1 Features

A standard port has the following minimum features:
* Input/output selection
* 3.3V/5V output drive with two selectable drive strength
» 3.3V/5V 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

MC9S12KG128 Data Sheet, Rev. 1.16
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4.1.2 Block Diagram
Figure 4-1 is a block diagram of the PIM9KG128.
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Figure 4-1. PIM9KG128 Block Diagram
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External Signal Description

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

4.2.1

Signal Properties

Table 4-1 shows all the pins and their functions that are controlled by the PIM9KG128. If there is more
than one function associated with a pin, the priority is indicated by the position in the table from top
(highest priority) to down (lowest priority). All pins have reset state as input.

Table 4-1. Pin Functions and Priorities (Sheet 1 of 4)

Pin Pin Function N Pull Pin_
Port Name and Priority Description Mode Function
after Reset | after Reset
Port T PT[7:0] I0CJ[7:0] Timer Channels 7 to O Hi-Z GPIO
GPIO General-purpose 1/0
Port S PS7 SSO0 Serial Peripheral Interface O slave select output in Pull-up GPIO
master mode, input in slave mode or master mode.
GPIO General-purpose /0
PS6 SCKO Serial Peripheral Interface 0 serial clock pin
GPIO General-purpose /0
PS5 MOSIO Serial Peripheral Interface 0 master out/slave in pin
GPIO General-purpose /10
PS4 MISO0 Serial Peripheral Interface 0 master in/slave out pin
GPIO General-purpose /0
PS3 TXD1 Serial Communication Interface 1 transmit pin
GPIO General-purpose /10
PS2 RXD1 Serial Communication Interface 1 receive pin
GPIO General-purpose /0
PS1 TXDO Serial Communication Interface 0 transmit pin
GPIO General-purpose /0
PSO RXDO Serial Communication Interface 0 receive pin
GPIO General-purpose /0
MC9S12KG128 Data Sheet, Rev. 1.16
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Table 4-1. Pin Functions and Priorities (Sheet 2 of 4)

Pin Pin Function . Pull Pin_
Port Name and Priority Description Mode Function
after Reset | after Reset
g TXCAN4 MSCAN4 transmit pin
GPIO General-purpose /0
M6 RXCAN4 MSCAN4 receive pin
GPIO General-purpose /0
TXCANO MSCANO transmit pin
PMS TXCAN4 MSCAN4 transmit pin
SCKO Serial Peripheral Interface 0 serial clock pin
GPIO General-purpose /0
RXCANO MSCANO receive pin
PMA RXCAN4 MSCAN4 receive pin
MOSIO Serial Peripheral Interface 0 master out/slave in pin
Port M GPIO General-purpose 1/0 Hi-Z GPIO
TXCANO MSCANO transmit pin
PM3 SSOL Serial Peripher_al Interface O slave select output in
master mode, input for slave mode or master mode.
GPIO General-purpose 1/0
RXCANO MSCANO receive pin
PM2 MISO0? Serial Peripheral Interface 0 master in/slave out pin
GPIO General-purpose /0
ML TXCANO MSCANO transmit pin
GPIO General-purpose /0
MO RXCANO MSCANO receive pin
GPIO General-purpose /0
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Table 4-1. Pin Functions and Priorities (Sheet 3 of 4)

Pin Pin Function . Pull Pin_
Port Name and Priority Description Mode Function
after Reset | after Reset
PWM7 Pulse Width Modulator channel 7
PP7 SCK2 Serial Peripheral Interface 2 serial clock pin
GPIO/KWP7 General-purpose 1/O with interrupt
PWM6 Pulse Width Modulator channel 6
PP6 Ss2 Serial Peripher.al Intgrface 2 slave select output in
master mode, input in slave mode or master mode.
GPIO/KWP6 General-purpose 1/O with interrupt
PWM5 Pulse Width Modulator channel 5
PP5 MOSI2 Serial Peripheral Interface 2 master out/slave in pin
GPIO/KWP5 General-purpose I/O with interrupt
PWM4 Pulse Width Modulator channel 4
PP4 MISO2 Serial Peripheral Interface 2 master in/slave out pin
Port P GPIO/KWP4 General-purpose 1/O with interrupt Hiz GPIO
PWM3 Pulse Width Modulator channel 3
PP3 ss1 Serial Peripher_al Intc_erface 1 slave select output in
master mode, input in slave mode or master mode.
GPIO/KWP3 General-purpose I/O with interrupt
PWM2 Pulse Width Modulator channel 2
PP2 SCK1 Serial Peripheral Interface 1 serial clock pin
GPIO/KWP2 General-purpose 1/O with interrupt
PWM1 Pulse Width Modulator channel 1
PP1 MOSI1 Serial Peripheral Interface 1 master out/slave in pin
GPIO/KWP1 General-purpose I/O with interrupt
PWMO Pulse Width Modulator channel O
PPO MISO1 Serial Peripheral Interface 1 master in/slave out pin
GPIO/KWPO General-purpose 1/O with interrupt
MC9S12KG128 Data Sheet, Rev. 1.16
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Table 4-1. Pin Functions and Priorities (Sheet 4 of 4)

Pin Pin Function Pull Pin
Port Name and Priorit Description Mode Function
y after Reset | after Reset
ss2 Serial Peripheral Interface 2 slave select output in
PH7 master mode, input in slave mode or master mode.
GPIO/KWH7 General-purpose 1/O with interrupt
PHE SCK2 Serial Peripheral Interface 2 serial clock pin
GPIO/KWH6 General-purpose 1/O with interrupt
PHS MOSI2 Serial Peripheral Interface 2 master out/slave in pin
GPIO/KWH5 General-purpose 1/O with interrupt
PHA MISO2 Serial Peripheral Interface 2 master in/slave out pin
GPIO/KWH4 General-purpose 1/O with interrupt .
Port H - - - Hi-Z GPIO
ss1 Serial Peripheral Interface 1 slave select output in
PH3 master mode, input in slave mode or master mode.
GPIO/KWHS3 General-purpose 1/0 with interrupt
PH2 SCK1 Serial Peripheral Interface 1 serial clock pin
GPIO/KWH2 General-purpose 1/0O with interrupt
PH1 MOSI1 Serial Peripheral Interface 1 master out/slave in pin
GPIO/KWH1 General-purpose 1/O with interrupt
PHO MISO1 Serial Peripheral Interface 1 master in/slave out pin
GPIO/KWHO General-purpose 1/O with interrupt
TXCAN4 MSCAN4 transmit pin
PJ7 SCL Inter Integrated Circuit serial clock line
GPIO/KWJ7 General-purpose I/O with interrupt
RXCAN4 MSCAN4 receive pin
Port J — - - Pull-up GPIO
PJ6 SDA Inter Integrated Circuit serial data line
GPIO/KWJ6 General-purpose 1/0O with interrupt
PJ1 GPIO/KWJ1 General-purpose I/O with interrupt
PJO GPIO/KWJ0 General-purpose 1/0 with interrupt

1 1f CANO is routed to PM[3:2] the SPIO can still be used in bidirectional master mode.
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4.3 Memory Map and Register Definition

This section provides a detailed description of all registers. Table 4-2 is a standard memory map of

Chapter 4 Port Integration Module (PIMOKG128V1)

PIM9KG128.
Table 4-2. PIM9KG128 Memory Map

Address Offset Use Access
0x0000 Port T I/0O Register (PTT) R/W
0x0001 Port T Input Register (PTIT) R
0x0002 Port T Data Direction Register (DDRT) R/W
0x0003 Port T Reduced Drive Register (RDRT) R/W
0x0004 Port T Pull Device Enable Register (PERT) R/W
0x0005 Port T Polarity Select Register (PPST) R/W

0x0006 - 0x0007 Reserved —
0x0008 Port S 1/0 Register (PTS) R/W
0x0009 Port S Input Register (PTIS) R
0x000A Port S Data Direction Register (DDRS) R/W
0x000B Port S Reduced Drive Register (RDRS) R/W
0x000C Port S Pull Device Enable Register (PERS) R/W
0x000D Port S Polarity Select Register (PPSS) R/W
0x000E Port S Wired-OR Mode Register (WOMS) R/W
0x000F Reserved —
0x0010 Port M I/O Register (PTM) R/W
0x0011 Port M Input Register (PTIM) R
0x0012 Port M Data Direction Register (DDRM) R/W
0x0013 Port M Reduced Drive Register (RDRM) R/W
0x0014 Port M Pull Device Enable Register (PERM) R/W
0x0015 Port M Polarity Select Register (PPSM) R/W
0x0016 Port M Wired-OR Mode Register (WOMM) R/W
0x0017 Port M Module Routing Register (MODRR) R/W
0x0018 Port P 1/0O Register (PTP) R/W
0x0019 Port P Input Register (PTIP) R
0x001A Port P Data Direction Register (DDRP) R/W
0x001B Port P Reduced Drive Register (RDRP) R/W
0x001C Port P Pull Device Enable Register (PERP) R/W
0x001D Port P Polarity Select Register (PPSP) R/W
O0x001E Port P Interrupt Enable Register (PIEP) R/W
0x001F Port P Interrupt Flag Register (PIFP) R/W
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Table 4-2. PIMO9K G128 Memory Map (continued)

Address Offset Use Access
0x0020 Port H I/0 Register (PTH) R/W
0x0021 Port H Input Register (PTIH) R
0x0022 Port H Data Direction Register (DDRH) R/W
0x0023 Port H Reduced Drive Register (RDRH) R/W
0x0024 Port H Pull Device Enable Register (PERH) R/W
0x0025 Port H Polarity Select Register (PPSH) R/W
0x0026 Port H Interrupt Enable Register (PIEH) R/W
0x0027 Port H Interrupt Flag Register (PIFH) R/W
0x0028 Port J 1/0 Register (PTJ) R/W
0x0029 Port J Input Register (PT1J) R
0x002A Port J Data Direction Register (DDRJ) R/W
0x002B Port J Reduced Drive Register (RDRJ) R/W
0x002C Port J Pull Device Enable Register (PERJ) R/W
0x002D Port J Polarity Select Register (PPSJ) R/W
0x002E Port J Interrupt Enable Register (PIEJ) R/W
0x002F Port J Interrupt Flag Register (PIFJ) R/W

0x0030 - 0x003F Reserved —
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4.3.1

Port T is associated with the 8-channel timer (TIM). Each pin is assigned to these modules according to
the following priority: Timer > general-purpose I/O.

Port T Registers

If the timer is enabled, the timer channels configured for output compare are available on port T pins
PT[7:0].

Refer to the TIM block description chapter for information on enabling and disabling the TIM module.

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

43.1.1 Port T I/O Register (PTT)
Module Base + 0x0000
7 6 5 4 3 2 1 0
R
PTT7 PTT6 PTT5 PTT4 PTT3 PTT2 PTT1 PTTO
W
Timer 10C7 I0OC6 I0C5 10C4 I0C3 10C2 I0OC1 I0CO
Reset 0 0 0 0 0 0 0 0

Figure 4-2. 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.

4.3.1.2 Port T Input Register (PTIT)
Module Base + 0x0001
7 6 5 4 3 2 1 0
R PTIT7 PTIT6 PTIT5 PTIT4 PTIT3 PTIT2 PTIT1 PTITO
W
Reset u u u u u u u u

u = Unaffected by reset

I:I = Reserved or Unimplemented

Figure 4-3. Port T Input Register (PTIT)
Read: Anytime. Write: Never, writes to this register have no effect.

This register always reads back the status of the associated pins.
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4.3.1.3 Port T Data Direction Register (DDRT)

Module Base + 0x0002

7 6 5 4 3 2 1 0
R
W DDRT7 DDRT6 DDRT5 DDRT4 DDRT3 DDRT2 DDRT1 DDRTO
Reset 0 0 0 0 0 0 0 0

Figure 4-4. Port T Data Direction Register (DDRT)
Read: Anytime. Write: Anytime.

This register configures each port T pin as either input or output. The TIM forces the I/O state to be an
output for each timer 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.

Table 4-3. DDRT Field Descriptions

Field Description

7-0 Data Direction Port T
DDRT[7:0] |0 Associated pin is configured as input.
1 Associated pin is configured as output.

4.3.1.4 Port T Reduced Drive Register (RDRT)

Module Base + 0x0003

7 6 5 4 3 2 1 0
RDRT7 RDRT6 RDRT5 RDRT4 RDRT3 RDRT2 RDRT1 RDRTO
Reset 0 0 0 0 0 0 0 0

Figure 4-5. Port T Reduced Drive Register (RDRT)
Read: Anytime. Write: Anytime.

This register configures the drive strength of each port T output pin as either full or reduced. If the port is
used as input this bit is ignored.

Table 4-4. RDRT Field Descriptions

Field Description

7-0 Reduced Drive Port T
RDRT[7:0] |0 Full drive strength at output.
1 Associated pin drives at about 1/6 of the full drive strength.
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4.3.1.5 Port T Pull Device Enable Register (PERT)
Module Base + 0x0004

7 6 5 4 3 2 1 0

R
PERT7 PERT6 PERT5 PERT4 PERT3 PERT2 PERT1 PERTO

w

Reset 0 0 0 0 0 0 0 0

Figure 4-6. Port T Pull Device Enable Register (PERT)

Read: Anytime. Write: Anytime.

This register configures whether a pull-up or a pull-down device is activated, if 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.

Table 4-5. PERT Field Descriptions

Field Description
7-0 Pull Device Enable Port T
PERT[7:0] [0 Pull-up or pull-down device is disabled.
1 Either a pull-up or pull-down device is enabled.
4.3.1.6 Port T Polarity Select Register (PPST)

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 4-7. Port T Polarity Select Register (PPST)

Read: Anytime. Write: Anytime.

This register selects whether a pull-down or a pull-up device is connected to the pin.

Table 4-6. PPST Field Descriptions

Field Description
7-0 Pull Select Port T
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.
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4.3.2 Port S Registers

Port S is associated with the serial peripheral interface (SPI10) and serial communication interfaces (SCI1,
SCI0). Each pin is assigned to these modules according to the following priority: SPI0/SCI1/SCI0 >
general-purpose I/O.

When the SPIO0 is enabled, the PS[7:4] pins become SS0, SCK0, MOSIO0, and MISOO respectively. Refer
to the SPI block description chapter for information on enabling and disabling the SPI0. The SPI0 pins can
be re-routed. Refer to Section 4.3.3.8, “Module Routing Register (MODRR)”.

When the SCII receiver and transmitter are enabled, the PS[3:2] pins become TXD1 and RXD1
respectively. When the SCIO0 receiver and transmitter are enabled, the PS[1:0] pins become TXDO0 and
RXDO respectively. Refer to the SCI block description chapter for information on enabling and disabling
the SCI receiver and transmitter.

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

4.3.2.1 Port S I/0O Register (PTS)

Module Base + 0x0008

7 6 5 4 3 2 1 0
R
PTS7 PTS6 PTSS PTS4 PTS3 PTS2 PTS1 PTSO
w
SPI/SCI SSO SCKO MOSIO MISOO0 TXD1 RXD1 TXDO RXDO
Reset 0 0 0 0 0 0 0 0

Figure 4-8. 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 SPIO function takes precedence over the general-purpose I/O function if the SPIO is enabled.

If enabled, the SCIO(1) transmitter takes precedence over the general-purpose 1/O function, and the
corresponding TXDO(1) pin is configured as an output. If enabled, the SCIO(1) receiver takes precedence
over the general-purpose I/O function, and the corresponding RXDO0(1) pin is configured as an input.
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4.3.2.2 Port S Input Register (PTIS)
Module Base + 0x0009
7 6 5 4 3 2 1 0
R PTIS7 PTIS6 PTIS5 PTIS4 PTIS3 PTIS2 PTIS1 PTISO
W
Reset u u u u u u u u

u = Unaffected by reset

I:Iz Reserved or Unimplemented

Figure 4-9. Port S Input Register (PTIS)
Read: Anytime. Write: Never, writes to this register have no effect.

This register always reads back the status of the associated pins.

4.3.2.3 Port S Data Direction Register (DDRS)

Module Base + 0x000A

7 6 5 4 3 2 1 0
R
W DDRS7 DDRS6 DDRS5 DDRS4 DDRS3 DDRS2 DDRS1 DDRSO
Reset 0 0 0 0 0 0 0 0

Figure 4-10. Port S Data Direction Register (DDRS)
Read: Anytime. Write: Anytime.

This register configures each port S pin as either input or output.

When the SPIO is enabled, the PS[7:4] pins become the SPI bidirectional pins. The associated Data
Direction Register bits have no effect.

When the SCIO(1) transmitter is enabled, the PS[1](PS[3]) pin becomes the TXDO0(1) output pin and the
associated Data Direction Register bit has no effect. When the SCIO(1) receiver is enabled, the
PS[0](PS[2]) pin becomes the RXDO(1) input pin and the associated Data Direction Register bit has no
effect.

If the SPIO, SCIO0 and SCI1 functions are disabled, the corresponding Data Direction Register bit reverts
to control the I/O direction of the associated pin.

Table 4-7. DDRS Field Descriptions

Field Description
7-0 Data Direction Port S
DDRS[7:0] |0 Associated pin is configured as input.
1 Associated pin is configured as output.

MC9S12KG128 Data Sheet, Rev. 1.16

Freescale Semiconductor

149




Chapter 4 Port Integration Module (PIMOKG128V1)
4.3.2.4 Port S Reduced Drive Register (RDRS)

Module Base + 0x000B

7 6 5 4 3 2 1 0
R
RDRS7 RDRS6 RDRS5 RDRS4 RDRS3 RDRS2 RDRS1 RDRSO
Reset 0 0 0 0 0 0 0 0

Figure 4-11. Port S Reduced Drive Register (RDRS)
Read: Anytime. Write: Anytime.

This register configures the drive strength of each port S output pin as either full or reduced. If the port is
used as input this bit is ignored.

Table 4-8. RDRS Field Descriptions

Field Description
7-0 Reduced Drive Port S
RDRS[7:0] |0 Full drive strength at output.
1 Associated pin drives at about 1/6 of the full drive strength.
4.3.2.5 Port S Pull Device Enable Register (PERS)

Module Base + 0x000C

7 6 5 4 3 2 1 0
R
PERS7 PERS6 PERS5 PERS4 PERS3 PERS2 PERS1 PERSO
w
Reset 1 1 1 1 1 1 1 1

Figure 4-12. Port S Pull Device Enable Register (PERS)
Read: Anytime. Write: Anytime.
This register configures whether a pull-up or a pull-down device is activated, if the port 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.

Table 4-9. PERS Field Descriptions

Field Description
7-0 Pull Device Enable Port S
PERS[7:] |0 Pull-up or pull-down device is disabled.
1 Either a pull-up or pull-down device is enabled.
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4.3.2.6 Port S Polarity Select Register (PPSS)
Module Base + 0x000D
7 6 5 4 3 2 1 0
R
PPSS7 PPSS6 PPSS5 PPSS4 PPSS3 PPSS2 PPSS1 PPSSO
\W
Reset 0 0 0 0 0 0 0 0

Figure 4-13. Port S Polarity Select Register (PPSS)
Read: Anytime. Write: Anytime.

This register selects whether a pull-down or a pull-up device is connected to the pin.
Table 4-10. PPSS Field Descriptions

Field Description
7-0 Pull Select Port S
PPSS[7:0] |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.
4.3.2.7 Port S Wired-OR Mode Register (WOMS)

Module Base + 0x000E

7 6 5 4 3 2 1 0
R
WOMS7 WOMS6 WOMS5 WOMS4 WOMS3 WOMS2 WOMS1 WOMSO0
w
Reset 0 0 0 0 0 0 0 0

Figure 4-14. Port S Wired-OR Mode Register (WOMS)
Read: Anytime. Write: Anytime.
This register configures the output pins as wired-OR. If enabled the output is driven active low only

(open-drain). A logic level of “1” is not driven. It applies also to the SPI and SCI outputs and allows a
multipoint connection of several serial modules. This bit has no influence on pins used as inputs.

Table 4-11. WOMS Field Descriptions

Field Description
7-0 Wired-OR Mode Port S
WOMSJ[7:0] |0 Output buffers operate as push-pull outputs.
1 Output buffers operate as open-drain outputs.
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4.3.3

Port M is associated with two Freescale’s scalable controller area network (CAN4, CANO) and one serial
peripheral interface (SPI0) modules. Each pin is assigned to these modules according to the following
priority: CANO > CAN4 > SPI0 > general-purpose 1/0O.

Port M Registers

Refer to the SPI block description chapter for information on enabling and disabling the SPI10. Refer to the
MSCAN block description chapter for information on enabling and disabling CANO or CAN4. The SPIO0,
CANO and CAN4 pins can be re-routed. Refer to Section 4.3.3.8, “Module Routing Register (MODRR)”.

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

4.3.3.1 Port M I/O Register (PTM)

Module Base + 0x0010

7 6 5 4 3 2 1 0
R
W PTM7 PTM6 PTM5 PTM4 PTM3 PTM2 PTM1 PTMO
SPIO SCKO MOSIO SSO MISOO0
CAN4| TXCAN4 RXCAN4 TXCAN4 RXCAN4
CANO TXCANO RXCANO TXCANO | RXCANO | TXCANO RXCANO
Reset 0 0 0 0 0 0 0 0

Figure 4-15. Port M I/O 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.

4.3.3.2 Port M Input Register (PTIM)
Module Base + 0x0011
7 6 5 4 3 2 1 0
R PTIM7 PTIM6 PTIM5 PTIM4 PTIM3 PTIM2 PTIM1 PTIMO
W
Reset u u u u u u u u

u = Unaffected by reset

I:Iz Reserved or Unimplemented

Figure 4-16. Port M Input Register (PTIM)
Read: Anytime. Write: Never, writes to this register have no effect.

This register always reads back the status of the associated pins.
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4.3.3.3 Port M Data Direction Register (DDRM)
Module Base + 0x0012
7 6 5 4 3 2 1 0
VI\Q/ DDRM7 DDRM6 DDRM5 DDRM4 DDRM3 DDRM2 DDRM1 DDRMO
Reset 0 0 0 0 0 0 0 0

Figure 4-17. Port M Data Direction Register (DDRM)
Read: Anytime. Write: Anytime.

This register configures each port M pin as either input or output. The CAN forces the 1/O state to be an
output for each port line associated with an enabled output (TXCAN4 and TXCANO). It also forces the
I/O state to be an input for each port line associated with an enabled input (RXCAN4 and RXCANQO). In
those cases the data direction bits will not change. The DDRM bits revert to controlling the I/O direction
of a pin when the associated peripheral module is disabled.

Table 4-12. DDRM Field Descriptions

Field Description
7-0 Data Direction Port M
DDRM[7:0] |0 Associated pin is configured as input.
1 Associated pin is configured as output.
4.3.3.4 Port M Reduced Drive Register (RDRM)

Module Base + 0x0013

7 6 5 4 3 2 1 0
R
RDRM7 RDRM6 RDRM5 RDRM4 RDRM3 RDRM2 RDRM1 RDRMO
w
Reset 0 0 0 0 0 0 0 0

Figure 4-18. Port M Reduced Drive Register (RDRM)
Read: Anytime. Write: Anytime.

This register configures the drive strength of each port M output pin as either full or reduced. If the port is
used as input this bit is ignored.

Table 4-13. RDRM Field Descriptions

Field Description
7-0 Reduced Drive Port M
RDRM][7:0] |0 Full drive strength at output.

1 Associated pin drives at about 1/6 of the full drive strength.
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4.3.3.5 Port M Pull Device Enable Register (PERM)
Module Base + 0x0014
7 6 5 4 3 2 1 0
R
PERM7 PERM6 PERMb5 PERM4 PERM3 PERM2 PERM1 PERMO
\W
Reset 0 0 0 0 0 0 0 0

Figure 4-19. Port M Pull Device Enable Register (PERM)
Read: Anytime. Write: Anytime.
This register configures whether a pull-up or a pull-down device is activated, if the port is used as input or

wired-OR output. This bit has no effect if the port is used as push-pull output. Out of reset no pull device
is enabled.

Table 4-14. PERM Field Descriptions

Field Description
7-0 Pull Device Enable Port M
PERM][7:0] |0 Pull-up or pull-down device is disabled.
1 Either a pull-up or pull-down device is enabled.

4.3.3.6 Port M Polarity Select Register (PPSM)

Module Base + 0x0015

7 6 5 4 3 2 1 0
PPSM7 PPSM6 PPSM5 PPSM4 PPSM3 PPSM2 PPSM1 PPSMO
Reset 0 0 0 0 0 0 0 0

Figure 4-20. Port M Polarity Select Register (PPSM)
Read: Anytime. Write: Anytime.

This register selects whether a pull-down or a pull-up device is connected to the pin. If CAN is active a
pull-up device can be activated on the receiver inputs, but not a pull-down.

Table 4-15. PPSM Field Descriptions

Field Description
7-0 Pull Select Port M
PPSM[7:0] [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 general purpose, RXCAN input.
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 a general purpose but not as RXCAN.
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4.3.3.7 Port M Wired-OR Mode Register (WOMM)

Module Base + 0x0016

7 6 5 4 3 2 1 0
W WOMM7 WOMM®6 WOMMS5 WOMM4 WOMM3 WOMM2 WOMM1 WOMMO
Reset 0 0 0 0 0 0 0 0

Figure 4-21. Port M Wired-OR Mode Register (WOMM)
Read: Anytime. Write: Anytime.
This register configures the output pins as wired-OR. If enabled the output is driven active low only

(open-drain). A logic level of “1” is not driven. It applies also to the CAN outputs and allows a multipoint
connection of several serial modules. This bit has no influence on pins used as inputs.

Table 4-16. WOMM Field Descriptions

Field Description

7-0 Wired-OR Mode Port M
WOMM([7:0] |0 Output buffers operate as push-pull outputs.
1 Output buffers operate as open-drain outputs.

4.3.3.8 Module Routing Register (MODRR)

Module Base + 0x0017

7

6

5

4

3

2

1

0

R 0
MODRRG6 MODRR5 MODRR4 MODRR3 MODRR2 MODRR1 MODRRO
w
Reset 0 0 0 0 0 0 0 0

I:I = Unimplemented or Reserved

Figure 4-22. Module Routing Register (MODRR)
Read: Anytime. Write: Anytime.
This register configures the re-routing of CANO, CAN4, SPI0, SPI1 and SPI2 on defined port pins.
Table 4-17. MODRR Field Descriptions

Field Description

6 SPI2 Routing Bit — See Table 4-22.
MODRRG6

5 SPI1 Routing Bit — See Table 4-21.
MODRR5

4 SPI0 Routing Bit — See Table 4-20.
MODRR4
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Table 4-17. MODRR Field Descriptions (continued)

Field Description
3-2 CAN4 Routing Bits — See Table 4-19.

MODRR[3:2]
1-0 CANO Routing Bits — See Table 4-18.

MODRR[1:0]

Table 4-18. CANO Routing

MODRR[1] MODRR][0] RXCANO TXCANO
0 0 PMO PM1
0 1 PM2 PM3
1 0 PM4 PM5
1 1 Reserved
Table 4-19. CAN4 Routing
MODRRI[3] MODRR][2] RXCAN4 TXCAN4
0 0 PJ6 PJ7
0 1 PM4 PM5
1 0 PM6 PM7
1 1 Reserved
Table 4-20. SPIO Routing
MODRR[4] MISOO0 MOSIO SCKO SSO
0 PS4 PS5 PS6 PS7
1 PM2 PM4 PM5 PM3
Table 4-21. SPI1 Routing
MODRR][5] MISO1 MOSI1 SCK1 SS1
0 PPO PP1 PP2 PP3
1 PHO PH1 PH2 PH3
Table 4-22. SPI2 Routing
MODRR]6] MISO2 MOSI2 SCK2 SS2
0 PP4 PP5 PP6 PP7
1 PH4 PH5 PH6 PH7
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Table 4-23. Implemented Modules on Derivatives

Number MSCAN Modules SPI Modules

of Modules CANO CAN4 SPIO SPI1 SPI2
3 X X X X X
2 X X X X —
1 X — X — —

If the SPI0 module is routed on PM[5:4] and used in bidirectional master mode with disabled SS output,

PM[3:2] are free to be used with CAN or GPIO.
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4.3.4

Port P is associated with the Pulse Width Modulator (PWM) and two serial peripheral interfaces (SPII,
SPI2). Each pin is assigned to these modules according to the following priority: PWM > SPI2/SP1 >
general-purpose I/O.

Port P Registers

When a PWM channel is enabled, the corresponding pin becomes a PWM output with the exception of of
pin 7 which can be PWM input or output. Refer to the PWM block description chapter for information on
enabling and disabling the PWM channels.

When SPI2 is enabled and the corresponding PWM channels are disabled, the respective pin configuration
for PP[7:4] is determined by several status bits in the SPI2 module. When SPI1 is enabled and the
corresponding PWM channels are disabled, the respective pin configuration for PP[3:0] is determined by
several status bits in the SPI1 module. Refer to the SPI block description chapter for information on
enabling and disabling the SPI. The SPI1 and SPI2 pins can be re-routed. Refer to Section 4.3.3.8,
“Module Routing Register (MODRR)”.

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

4.3.4.1 Port P I/O Register (PTP)

Module Base + 0x0018

7 6 5 4 3 2 1 0
R
wl P PTP6 PTP5 PTP4 PTP3 PTP2 PTP1 PTPO
PWM| PWM7 PWM6 PWM5 PWM4 PWM3 PWM2 PWM1 PWMO
SPI|  SCK2 552 MOSI2 MISO2 Ss1 SCK1 MOSI1 MISO1
Reset 0 0 0 0 0 0 0 0

Figure 4-23. 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.

The PWM function takes precedence over the general purpose I/O function if the associated PWM channel
is enabled. While channels 6-0 are output only if the respective channel is enabled, channel 7 can be PWM
output or input if the shutdown feature is enabled.

The SPI function takes precedence over the general purpose I/O function associated with if enabled. If both
PWM and SPI are enabled the PWM functionality takes precedence.
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4.3.4.2 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 u u u u u u u u

I:Iz Reserved or Unimplemented u = Unaffected by reset

Figure 4-24. 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.

4.3.4.3 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 4-25. Port P Data Direction Register (DDRP)
Read: Anytime. Write: Anytime.

This register configures each port P pin as either input or output.

If the associated PWM channel or SPI module is enabled this register has no effect on the pins. The PWM
forces the I/O state to be an output for each port line associated with an enabled PWM7-0 channel. Channel
7 can force the pin to input if the shutdown feature is enabled. If a SPI module is enabled, the SPI
determines the pin direction

If the PWM, SPI1 and SPI2 functions are disabled, the corresponding Data Direction Register bit reverts
to control the I/O direction of the associated pin.

Table 4-24. DDRP Field Descriptions

Field Description

7-0 Data Direction Port P
DDRP[7:0] |0 Associated pin is configured as input.
1 Associated pin is configured as output.
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4.3.4.4 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 4-26. Port P Reduced Drive Register (RDRP)
Read: Anytime. Write: Anytime.

This register configures the drive strength of each port P output pin as either full or reduced. If the port is
used as input this bit is ignored.

Table 4-25. RDRP Field Descriptions

Field Description
7-0 Reduced Drive Port P
RDRP[7:0] [0 Full drive strength at output.
1 Associated pin drives at about 1/6 of the full drive strength.

4.3.4.5 Port P Pull Device Enable Register (PERP)
Module Base + 0x001C
7 6 5 4 3 2 1 0
VI\?/ PERP7 PERP6 PERP5 PERP4 PERP3 PERP2 PERP1 PERPO
Reset 0 0 0 0 0 0 0 0

Figure 4-27. Port P Pull Device Enable Register (PERP)
Read: Anytime. Write: Anytime.
This register configures whether a pull-up or a pull-down device is activated, if 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.
Table 4-26. PERP Field Descriptions

Field Description
7-0 Pull Device Enable Port P
PERP[7:0] |0 Pull-up or pull-down device is disabled.
1 Either a pull-up or pull-down device is enabled.
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4.3.4.6 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 4-28. Port P Polarity Select Register (PPSP)
Read: Anytime. Write: Anytime.

This register serves a dual purpose by selecting the polarity of the active interrupt edge as well as selecting
a pull-up or pull-down device if enabled.

Table 4-27. PPSP Field Descriptions

Field Description

7-0 Polarity Select Port P

PPSP[7:0] |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.

4.3.4.7 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 4-29. Port P Interrupt Enable Register (PIEP)
Read: Anytime. Write: Anytime.

This register disables or enables on a per pin basis the edge sensitive external interrupt associated with
port P.

Table 4-28. PIEP Field Descriptions

Field Description

7-0 Interrupt Enable Port P
PIEP[7:0] |0 Interruptis disabled (interrupt flag masked).
1 Interruptis enabled.
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4.3.4.8 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 4-30. Port P Interrupt Flag Register (PIFP)
Read: Anytime. Write: Anytime.
Each flag is set by an active edge on the associated input pin. This could be a rising or a falling edge based

on the state of the PPSP register. To clear this flag, write “1” to the corresponding bit in the PIFP register.
Writing a “0” has no effect.

Table 4-29. Field Descriptions

Field Description

7-0 Interrupt Flags Port P

PIFP[7:0] [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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4.3.5

Port H is associated with two serial peripheral interfaces (SPI1, SPI2). Each pin is assigned to these
modules according to the following priority: SPI2/SP1 > general-purpose I/O.

Port H Registers

When SPI2 is enabled, the respective pin configuration for PH[7:4] is determined by several status bits in
the SPI2 module. When SPI1 is enabled, the respective pin configuration for PH[3:0] is determined by
several status bits in the SPI1 module. Refer to the SPI block description chapter for information on
enabling and disabling the SPI. The SPI1 and SPI2 pins can be re-routed. Refer to Section 4.3.3.8,
“Module Routing Register (MODRR)”.

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

4351 Port H I/O Register (PTH)

Module Base + 0x0020

7 6 5 4 3 2 1 0
R
PTH7 PTH6 PTH5 PTH4 PTH3 PTH2 PTH1 PTHO
W
SPI|  SS2 SCK2 MOSI2 MISO2 Ss1 SCK1 MOSI1 MISO1
Reset 0 0 0 0 0 0 0 0

Figure 4-31. Port H I/0O Register (PTH)
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 function takes precedence over the general purpose I/O if enabled..

4.3.5.2 Port H Input Register (PTIH)
Module Base + 0x0021
7 6 5 4 3 2 1 0
R PTIH7 PTIH6 PTIH5 PTIH4 PTIH3 PTIH2 PTIH1 PTIHO
W
Reset u u u u u u u u

u = Unaffected by reset

I:I = Reserved or Unimplemented

Figure 4-32. Port H Input Register (PTIH)
Read: Anytime. Write: Never, writes to this register have no effect.

This register always reads back the status of the associated pins.

MC9S12KG128 Data Sheet, Rev. 1.16

Freescale Semiconductor 163



Chapter 4 Port Integration Module (PIMOKG128V1)

4.3.5.3 Port H Data Direction Register (DDRH)
Module Base + 0x0022
7 6 5 4 3 2 1 0
R
DDRH7 DDRH6 DDRH5 DDRH4 DDRH3 DDRH2 DDRH1 DDRHO
\W
Reset 0 0 0 0 0 0 0 0
Figure 4-33. Port H Data Direction Register (DDRH)
Read: Anytime. Write: Anytime.
This register configures each port H pin as either input or output.
Table 4-30. DDRH Field Descriptions
Field Description
7-0 Data Direction Port H
DDRH]7:0] |0 Associated pin is configured as input.
1 Associated pin is configured as output.
4354 Port H Reduced Drive Register (RDRH)
Module Base + 0x0023
7 6 5 4 3 2 1 0
R
W RDRH7 RDRH6 RDRH5 RDRH4 RDRH3 RDRH2 RDRH1 RDRHO
Reset 0 0 0 0 0 0 0 0

Figure 4-34. Port H Reduced Drive Register (RDRH)
Read: Anytime. Write: Anytime.

This register configures the drive strength of each port H output pin as either full or reduced. If the port is

used as input this bit is ignored.
Table 4-31. RDRH Field Descriptions

Field Description
7-0 Reduced Drive Port H
RDRH[7:0] |0 Full drive strength at output.
1 Associated pin drives at about 1/6 of the full drive strength.

MC9S12KG128 Data Sheet, Rev. 1.16

164

Freescale Semiconductor




Chapter 4 Port Integration Module (PIMOKG128V1)
4.35.5 Port H Pull Device Enable Register (PERH)

Module Base + 0x0024

7 6 5 4 3 2 1 0
R
PERH7 PERHG6 PERHS PERH4 PERHS3 PERH2 PERH1 PERHO
w
Reset 0 0 0 0 0 0 0 0

Figure 4-35. Port H Pull Device Enable Register (PERH)
Read: Anytime. Write: Anytime.

This register configures whether a pull-up or a pull-down device is activated, if 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.

Table 4-32. PERH Field Descriptions

Field Description
7-0 Pull Device Enable Port H
PERH[7:0] |0 Pull-up or pull-down device is disabled.
1 Either a pull-up or pull-down device is enabled.
4.3.5.6 Port H Polarity Select Register (PPSH)
Module Base + 0x0025
7 6 5 4 3 2 1 0
R
PPSH7 PPSH6 PPSH5 PPSH4 PPSH3 PPSH2 PPSH1 PPSHO
w
Reset 0 0 0 0 0 0 0 0

Figure 4-36. Port H Polarity Select Register (PPSH)
Read: Anytime. Write: Anytime.

This register serves a dual purpose by selecting the polarity of the active interrupt edge as well as selecting
a pull-up or pull-down device if enabled.

Table 4-33. PPSH Field Descriptions

Field Description
7-0 Polarity Select Port H
PPSH[7:0] |0 Falling edge on the associated port H pin sets the associated flag bit in the PIFH register. A pull-up device is

connected to the associated port H pin, if enabled by the associated bit in register PERH and if the port is used
as input.

1 Rising edge on the associated port H pin sets the associated flag bit in the PIFH register. A pull-down device
is connected to the associated port H pin, if enabled by the associated bit in register PERH and if the port is
used as input.
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4.3.5.7 Port H Interrupt Enable Register (PIEH)

Module Base + 0x0026

7 6 5 4 3 2 1 0
R
PIEH7 PIEH6 PIEHS5 PIEH4 PIEH3 PIEH2 PIEH1 PIEHO
w
Reset 0 0 0 0 0 0 0 0

Figure 4-37. Port H Interrupt Enable Register (PIEH)
Read: Anytime. Write: Anytime.

This register disables or enables on a per pin basis the edge sensitive external interrupt associated with
port H.

Table 4-34. PIEH Field Descriptions

Field Description
7-0 Interrupt Enable Port H
PIEH[7:0] |0 Interruptis disabled (interrupt flag masked).
1 Interrupt is enabled.
4.3.5.8 Port H Interrupt Flag Register (PIFH)
Module Base + 0x0027
7 6 5 4 3 2 1 0
R
PIFH7 PIFH6 PIFH5 PIFH4 PIFH3 PIFH2 PIFH1 PIFHO
w
Reset 0 0 0 0 0 0 0 0

Figure 4-38. Port H Interrupt Flag Register (PIFH)
Read: Anytime. Write: Anytime.
Each flag is set by an active edge on the associated input pin. This could be a rising or a falling edge based

on the state of the PPSH register. To clear this flag, write “1” to the corresponding bit in the PIFH register.
Writing a “0” has no effect.

Table 4-35. PIFH Field Descriptions

Field Description
7-0 Interrupt Flags Port H
PIFH[7:0] |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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4.3.6 Port J Registers

Port J is associated with Freescale’s scalable controller area network (CAN4) and Inter-I1C bus (IIC)
modules. Each pin is assigned to these modules according to the following priority: CAN4 > I1C >
general-purpose I/O.

The CAN4 function (TXCAN4 and RXCAN4) takes precedence over the IIC and the general purpose I/O
function if the CAN4 module is enabled. Refer to the MSCAN block description chapter for information
on enabling and disabling CAN4.

The IIC function (SCL and SDA) takes precedence over the general purpose I/O function if the IIC is
enabled. If the IIC module takes precedence the SDA and SCL outputs are configured as open drain
outputs. Refer to the IIC block description chapter for information on enabling and disabling the I1C.

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

4.3.6.1 Port J I/O Register (PTJ)

Module Base + 0x0028

7 6 5 3 2 1 0
R 0 0 0
PTJ7 PTJ6 PTJ1 PTJO
w
CAN4| TXCAN4 RXCAN4
lc SCL SDA
Reset 0 0 0 0 0 0 0 0

I:Iz Unimplemented or Reserved

Figure 4-39. 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.

4.3.6.2 Port J Input Register (PTIJ)

Module Base + 0x0029

7 6 5 4 3 2 1 0
R PTIJ7 PTIJ6 0 0 0 0 PTIJ1 PTIJO
W
Reset u u 0 0 0 0 u u

I:I = Reserved or Unimplemented

Figure 4-40. Port J Input Register (PTIJ)
Read: Anytime. Write: Never, writes to this register have no effect.

u = Unaffected by reset

This register always reads back the status of the associated pins.
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4.3.6.3 Port J Data Direction Register (DDRJ)

Module Base + 0x002A

7 6 5 4 3 2 1 0
R 0 0 0 0
DDRJ7 DDRJ6 DDRJ1 DDRJO
W
Reset 0 0 — — — — 0 0

I:Iz Unimplemented or Reserved

Figure 4-41. Port J Data Direction Register (DDRJ)
Read: Anytime. Write: Anytime.

This register configures each port J pin as either input or output.

If enable, CAN4 forces the I/O state to be an output on PJ7 (TXCAN4) and an input on pin PJ6
(RXCAN4). If CAN4 is disabled, the IIC takes control of the I/O if enabled. In these cases the data
direction bits will not change.

The DDRYJ bits revert to controlling the I/O direction of a pin when the associated peripheral module is
disabled.

Table 4-36. Field Descriptions

Field Description

7,6,1,0 [Data Direction Port J
DDRJ[7:6] |0 Associated pin is configured as input.
DDRJ[1:0] |1 Associated pin is configured as output.

4.3.6.4 Port J Reduced Drive Register (RDRJ)

Module Base + 0x002B

7 6 5 4 3 2 1 0
0 0 0
RDRJ7 RDRJ6 RDRJ1 RDRJO
Reset 0 0 — — — — 0 0

I:Iz Unimplemented or Reserved

Figure 4-42. Port J Reduced Drive Register (RDRJ)
Read: Anytime. Write: Anytime.

This register configures the drive strength of each port J output pin as either full or reduced. If the port is
used as input this bit is ignored.

Table 4-37. RDRJ Field Descriptions

Field Description

7,6,1,0 |Reduced Drive PortJ
RDRJ[7:6] |0 Full drive strength at output.
RDRJ[1:0] |1 Associated pin drives at about 1/6 of the full drive strength.
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4.3.6.5 Port J Pull Device Enable Register (PERJ)
Module Base + 0x002C
7 6 5 4 3 2 1 0
R PERJ7 PERJ6 PERJ1 PERJO
Reset 1 1 — — — — 1 1

I:I = Unimplemented or Reserved

Figure 4-43. Port J Pull Device Enable Register (PERJ)

Read: Anytime. Write: Anytime.

This register configures whether a pull-up or a pull-down device is activated, if the port is used as input or
as wired-OR output. This bit has no effect if the port is used as push-pull output. Out of reset a pull-up
device is enabled.

Table 4-38. PERJ Field Descriptions

Field Description
7,6,1,0 [Pull Device Enable Port J
PERJ[7:6] |0 Pull-up or pull-down device is disabled.
PERJ[1:0] |1 Either a pull-up or pull-down device is enabled.
4.3.6.6 Port J Polarity Select Register (PPSJ)

Module Base + 0x002D

Reset

7 6 5 4 3 2 1 0
PPSJ7 PPSJ6 PPSJ1 PPSJO
0 0 — — — — 0 0

I:Iz Unimplemented or Reserved

Figure 4-44. Port J Polarity Select Register (PPSJ)

Read: Anytime. Write: Anytime.

This register serves a dual purpose by selecting the polarity of the active interrupt edge as well as selecting
a pull-up or pull-down device if enabled.

Table 4-39. PPSJ Field Descriptions

Field Description
7,6,1,0 [Polarity Select PortJ
PPSJ[7:6] |0 Falling edge on the associated port J pin sets the associated flag bit in the PIFJ register. A pull-up device is
PPSJ[1:0] 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 or as IIC port.

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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4.3.6.7 Port J Interrupt Enable Register (PIEJ)
Module Base + 0x002E
7 6 5 4 3 2 1 0
R
PIEJ7 PIEJ6 PIEJ1 PIEJO
Reset 0 0 — — — — 0 0

I:I = Unimplemented or Reserved

Figure 4-45. Port J Interrupt Enable Register (PIEJ)

Read: Anytime. Write: Anytime.

This register disables or enables on a per pin basis the edge sensitive external interrupt associated with

port J.
Table 4-40. PIEJ Field Descriptions
Field Description
7,6,1,0 |Interrupt Enable PortJ
PIEJ[7:6] |0 Interruptis disabled (interrupt flag masked).
PIEJ[1:0] |1 Interruptis enabled.
4.3.6.8 Port J Interrupt Flag Register (PIFJ)

Module Base + 0x002F

7 6 1 0
R 0 0 0 0
PIFJ7 PIFJ6 PIFJ1 PIFJO
W
Reset 0 0 — — — — 0 0

I:Iz Unimplemented or Reserved

Figure 4-46. Port J Interrupt Flag Register (PIFJ)

Read: Anytime. Write: Anytime.

Each flag is set by an active edge on the associated input pin. This could be a rising 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.

Table 4-41. PIFJ Field Descriptions

Writing a “1” clears the associated flag.

Field Description
7,6,1,0 |[Interrupt Flags PortJ
PIFJ[7:6] |0 No active edge pending. Writing a “0” has no effect.
PIFJ[1:0] |1 Active edge on the associated bit has occurred (an interrupt will occur if the associated enable bit is set).
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4.4  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. Table 4-42 summarizes the priority in case of multiple enabled modules
trying to control a shared port.

Table 4-42. Summary of Functional Priority

Port Priority?
T TIMER > GPIO
S SCIO0, SCI1, SPIO > GPIO
M CANO > GPIO

CANO (routed) > SPIO (routed) > GPIO
CANO (routed) > CAN4 (routed) > SPIO (routed) > GPIO
CAN4 (routed) > GPIO

P PWM > SPI1, SPI2 > GPIO
H SPI1, SPI2 > GPIO
J CAN4 > lIC > GPIO

1 Highest priority >... > lowest priority

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:
A selected pull-up resistor does not become active while the port is used as a push-pull output.

4.4.1 I/O Register

The I/0 Register holds the value driven out to the pin if the port is used as a general-purpose I/O. Writing
to the I/O Register only has an effect on the pin if the port is used as general-purpose output.

When reading the I/0O Register, the value of each pin is returned if the corresponding Data Direction
Register bit is set to 0 (pin configured as input). If the data direction register bits is set to 1, the content of
the I/O Register bit is returned. This is independent of any other configuration (Figure 4-47).

Due to internal synchronization circuits, it can take up to 2 bus cycles until the correct value is read on the
I/O Register when changing the data direction register.

4.4.2 Input Register

The Input Register is a read-only register and generally returns the value of the pin (Figure 4-47). It can
be used to detect overload or short circuit conditions.

Due to internal synchronization circuits, it can take up to 2 bus cycles until the correct value is read on the
Input Register when changing the Data Direction Register.
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4.4.3 Data Direction Register

The Data Direction Register defines whether the pin is used as an input or an output. A Data Direction
Register bit set to 0 configures the pin as an input. A Data Direction Register bit set to 0 configures the pin
as an output. If a peripheral module controls the pin the contents of the data direction register is ignored
(Figure 4-47).

PTIx

o L]
PTx —‘ 0 Sots

DDRx 0

D|g ita] |[dataout
Module [outputenable

module enable

Figure 4-47. lllustration of 1/0O Pin Functionality

Figure 4-48 shows the state of digital inputs and outputs when an analog module drives the port. When the
analog module is enabled all associated digital output ports are disabled and all associated digital input
ports read “1”.

Module gﬂ?é,%%

2

L — PIMBoundary __

r-————-—-- 1
I I
| Digital q 1 |
Input ‘
P |
I I
Module | [
Enable ' |
I
| Digital | PAD
Analog | Outeut >0 |
T
I I
I I

Figure 4-48. Digital Ports and Analog Module

4.4.4 Reduced Drive Register

If the port is used as an output the Reduced Drive Register allows the configuration of the drive strength.

MC9S12KG128 Data Sheet, Rev. 1.16

172 Freescale Semiconductor



4.4.5

Chapter 4 Port Integration Module (PIMOKG128V1)

Pull Device Enable Register

The Pull Device Enable Register turns on a pull-up or pull-down device. The pull device becomes active
only if the pin is used as an input or as a wired-or output.

4.4.6

Polarity Select Register

The Polarity Select Register selects either a pull-up or pull-down device if enabled. The pull device
becomes active only if the pin is used as an input or as a wired-or output.

4.4.7

Pin Configuration Summary

The following table summarizes the effect on the various configuration bits, data direction (DDR), 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.

2. Select either a pull-up or pull-down device if PE is active.

Table 4-43. Pin Configuration Summary

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

DDR 10 RDR PE PS IEL 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

1 Applicable only on port P, H, 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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4.5 Resets

The reset values of all registers are given in the Register Description in Section 4.3, “Memory Map and

Register Definition”.

45.1 Reset Initialization

All registers including the data registers get set/reset asynchronously. Table 4-44 summarizes the port
properties after reset initialization.

Table 4-44. Port Reset State Summary

Reset States
Port Data Pull Reduced Wired-OR Interrupt
Direction Mode Drive Mode
T Input Hi-Z Disabled N/A N/A
S Input Pull-up Disabled Disabled N/A
M Input Hi-Z Disabled Disabled N/A
P Input Hi-zZ Disabled N/A Disabled
H Input Hi-Z Disabled N/A Disabled
J Input Pull-up Disabled N/A Disabled

4.6 Interrupts

46.1 General

Port P, H and J generate a separate edge sensitive interrupt if enabled. Each port offers I/O pins with edge
triggered interrupt capability 