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Addendum Rev.2 to Rev. 1 of the 
MC9S08DZ128 Series Data Sheet
This addendum identifies changes to Rev. 1 of the MC9S08DZ128 Series Data Sheet.  The changes 
described in this addendum have not been implemented in the specified pages.

1 MCG Control Register 3 Field Descriptions

The last sentence of bit 4 (DIV32) description should be changed from "Writes to this bit are ignored if 
PLLS bit is set." to "DIV32 must be cleared when the PLL is selected." The correct description should be:

2 Initializing the MCG

The last sentence in the note after step 6 should be removed. The note should be

Location: Table 8-7, Page 176

Field Description

4
DIV32

Divide-by-32 Enable — Controls an additional divide-by-32 factor to the external reference clock for the FLL 
when RANGE bit is set. When the RANGE bit is 0, this bit has no effect. DIV32 must be cleared when the PLL 
is selected.
0 Divide-by-32 is disabled.
1 Divide-by-32 is enabled when RANGE=1.

Location: Section 8.5.1.1, Page 186
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Example # 1: Moving from FEI to PEE Mode: External Crystal = 8 MHz, Bus Frequency = 16 MHz
NOTE

Setting DIV32 (bit 4) in MCGC3 is strongly recommended for FLL external 
modes when using a high frequency range (RANGE = 1) external reference 
clock.

3 Example # 1: Moving from FEI to PEE Mode: External 
Crystal = 8 MHz, Bus Frequency = 16 MHz

The first statement in step 2b should be “BLPE/PBE: MCGC3 = 0x48 (%01001000)”, and the second 
bullet in step 2b should be "DIV32 (bit 4) must be cleared when PLLS is set." The correct content should 
be: 

a) BLPE: If a transition through BLPE mode is desired, first set LP (bit 3) in MCGC2 to 1.

b) BLPE/PBE: MCGC3 = 0x48 (%01001000)

– PLLS (bit 6) set to 1, selects the PLL. At this time, with an RDIV value of %011, the FLL 
reference divider of 256 is switched to the PLL reference divider of 8 (see Table 8-3), 
resulting in a reference frequency of 8 MHz/ 8 = 1 MHz. In BLPE mode,changing the PLLS 
bit only prepares the MCG for PLL usage in PBE mode

– DIV32 (bit 4) must be cleared when PLLS is set.

– VDIV (bits 3-0) set to %1000, or multiply-by-32 because 1 MHz reference * 32= 32MHz. 
In BLPE mode, the configuration of the VDIV bits does not matter because the PLL is 
disabled. Changing them only sets up the multiply value for PLL usage in PBE mode

4 Flowchart of FEI to PEE Mode Transition using an 8 
MHz crystal

The "MCGC3 = $58" in top right box of flowchart should be"MCGC3 = $48". The correct figure should 
be:

Location: Section 8.5.3.1, Page 189

Location: Section 8.5.3.1, Page 190
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Flowchart of FEI to PEE Mode Transition using an 8 MHz crystal
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DC Characteristics
5 DC Characteristics

The minimum value in parameter 24, Bandgap Voltage Reference, from 1.19V to 1.18V. Remove "Temp 
= 25 °C" from footnote 10. The correct rating and footnote 10 should be: 

10 Factory trimmed at VDD = 5.0 V.

6 Oscillator Electrical Specifications

• Update the parameter 1, Oscillator crystal or resonator (EREFS = 1, ERCLKEN = 1), as shown 
below, to correct the maximum high range oscillator frequencies with respect to the HGO bit 
setting. 

• Replace parameter 6, Square wave input clock frequency (EREFS = 0, ERCLKEN = 1), as shown 
below to correct the maximum square wave input clock frequency for FEE or FBE modes.

• Replace footnotes 1 and 2 as shown below to correct the typical characterization voltage and add 
the DIV32 divisor.

Location: Table A-6 Page 424

 Num  C  Characteristic  Symbol  Condition  Min  Typ  Max  Unit

24 P Bandgap Voltage Reference10 VBG 1.18 1.20 1.21 V

Location: Table A-11 Page 435

 Num  C  Rating  Symbol  Min  Typ1

1 Data in Typical column was characterized at 5.0 V, 25° C or is typical recommended value.

 Max  Unit

Oscillator crystal or resonator (EREFS = 1, ERCLKEN = 1)

1  Low range (RANGE = 0) flo 32 — 38.4 kHz

C  High range (RANGE = 1, HGO = 1) 2,3

2 When MCG is configured for FEE or FBE mode, input clock source must be divisible using RDIV and DIV32 to within the range 
of 31.25 kHz to 39.0625 kHz.

fhi-hgo 1 — 16 MHz

 High range (RANGE = 1, HGO = 0)2,3 

3 When MCG is configured for PEE or PBE mode, input clock source must be divisible using RDIV to within the range of 1 MHz 
to 2 MHz.

fhi-lp 1 — 8 MHz

6 T

Square wave input clock frequency (EREFS = 0, ERCLKEN = 1)

FEE or FBE mode 2 0.03125 — 16

PEE or PBE mode3 fextal 1 — 16 MHz

BLPE mode 0 — 40
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MCG Specifications
7 MCG Specifications

The fint_ut in the rating of the fdco_t should be fint_t. The correct rating should be: 

Location: Table A-12 Page 436

 Num  C  Rating  Symbol  Min  Typical  Max  Unit

6
P DCO output 

frequency range - 
trimmed2

Low range (DRS=0, DMX32=0)
fdco_t = 512 X fint_t fdco_t

16 — 20
MHz

P Mid range (DRS=1, DMX32=0)
fdco_t = 1024 X fint_t

32 — 40
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Freescale Semiconductor, Inc.
Data Sheet Addendum

Document Number: MC9S08DZ128AD
Rev.1, 07/2011

Addendum Rev.1 to Rev. 1 of the 
MC9S08DZ128 Series Data Sheet
This addendum identifies changes to Rev. 1 of the MC9S08DZ128 Series Data Sheet.  The changes 
described in this addendum have not been implemented in the specified pages.

1 Pin Availability by Package Pin-Count

Pin assignments for rows numbered 9— 15 in table 2-1 required updating. The correct information should 
be:

2 Edge-Aligned PWM Mode

Location: Table 2-1, Page 34

Pin Number <-- Lowest Priority --> Highest

100 64 48 Port
Pin/Interrupt Alt 1 Alt 2

9 7 4 VDD

10 8 5 VSS

11 9 6 PTG0 EXTAL
12 10 7 PTG1 XTAL
13 11 8 RESET
14 — — PTJ2 PIJ2 TPM3CH2
15 — — PTJ3 PIJ3 TPM3CH3

Location: Section 16.4.2.3, Page 373
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Edge-Aligned PWM Mode
The following text should be added to the end of Section 16.4.2.3:

Writing to TPMxSC cancels any values written to TPMxMODH and/or TPMxMODL and resets the 
coherency mechanism for the modulo registers. Writing to TPMxCnSC cancels any values written to the 
channel value registers and resets the coherency mechanism for TPMxCnVH:TPMxCnVL. 
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8-Bit HCS08 Central Processor Unit (CPU)
• 40-MHz HCS08 CPU (20-MHz bus)

• HC08 instruction set with added BGND instruction

• Support for up to 32 interrupt/reset sources

On-Chip Memory
• FLASH read/program/erase over full operating voltage

and temperature

• EEPROM in-circuit programmable memory; 8-byte
single-page or 4-byte dual-page erase sector; Program
and Erase while executing FLASH; Erase abort

• Random-access memory (RAM)

Power-Saving Modes
• Two very low power stop modes

• Reduced power wait mode

• Very low power real time interrupt for use in run, wait,
and stop

Clock Source Options
• Oscillator (XOSC) — Loop-control Pierce oscillator;

Crystal or ceramic resonator range of 31.25 kHz to
38.4 kHz or 1 MHz to 16 MHz

• Multi-purpose Clock Generator (MCG) — PLL and
FLL modes; reference clock with nonvolatile trim
(0.2% resolution, 1.5% tolerance over temperature with
internal temperature compensation); External reference
with oscillator/resonator options

System Protection
• Watchdog computer operating properly (COP) reset

with option to run from backup dedicated 1-kHz
internal clock source or bus clock; with optional
windowed operation

• Low-voltage detection with reset or interrupt; selectable
trip points

• Illegal opcode detection with reset

• Illegal address detection with reset

• FLASH and EEPROM block protect

• Loss-of-lock protection

Development Support
• Single-wire background debug interface

• On-chip, in-circuit emulation (ICE) with real-time bus
capture

Peripherals
• ADC — 24-channel, 12-bit resolution, 2.5 µs

conversion time, automatic compare function,
temperature sensor, internal bandgap reference channel

• ACMPx — Two analog comparators with selectable
interrupt on rising, falling, or either edge of comparator
output; compare option to fixed internal bandgap
reference voltage; runs in stop3 mode

• MSCAN — CAN protocol - Version 2.0 A, B; standard
and extended data frames; Support for remote frames;
Five receive buffers with FIFO storage scheme; Flexible
identifier acceptance filters programmable as: 2 x
32-bit, 4 x 16-bit, or 8 x 8-bit

• SCIx — Two SCIs supporting LIN 2.0 Protocol and
SAE J2602 protocols; Full duplex non-return to zero
(NRZ); Master extended break generation; Slave
extended break detection; Wakeup on active edge

• SPIx — Up to two SPIs; Full-duplex or single-wire
bidirectional; Double-buffered transmit and receive;
Master or Slave mode; MSB-first or LSB-first shifting

• IICx — Up to two IICs; Up to 100 kbps with maximum
bus loading; Multi-master operation; Programmable
slave address; General Call Address; Interrupt driven
byte-by-byte data transfer

• TPMx — One 6-channel (TPM1), one 2-channel
(TPM2) and one 4-channel (TPM3); Selectable input
capture, output compare, or buffered edge- and
center-aligned PWM on each channel.

• RTC — (Real-time counter) 8-bit modulus counter with
binary or decimal based prescaler; Real-time clock
capabilities using external crystal and RTC for precise
time base, time-of-day, calendar or task scheduling
functions; Free running on-chip low power oscillator
(1 kHz) for cyclic wake-up without external
components

Input/Output
• Up to 87 general-purpose input/output (I/O) pins and

1 input-only pin

• Up to 32 interrupt pins with selectable polarity on each
pin

• Hysteresis and configurable pull device on all input
pins.

• Configurable slew rate and drive strength on all output
pins.

Package Options
• 100-pin low-profile quad flat-pack(LQFP) — 14x14

mm

• 64-pin low-profile quad flat-pack (LQFP) — 10x10 mm

• 48-pin low-profile quad flat-pack (LQFP) — 7x7 mm

MC9S08
DZ128

MC9S08
DZ96

MC9S08
DV128

MC9S08
DV96

FLASH 128K 96K 128K 96K

EEPROM 2K 2K — —

RAM 8K 6K 6K 4K

MC9S08DZ128 Series Features
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Chapter 1
Device Overview
MC9S08DZ128 Series devices are members of the low-cost, high-performance HCS08 Family of 8-bit
microcontroller units (MCUs). All MCUs in the family use the enhanced HCS08 core and are available
with a variety of modules, memory sizes, memory types, and package types.

1.1 Devices in the MC9S08DZ128 Series
This data sheet covers members of the MC9S08DZ128 Series of MCUs:

• MC9S08DZ128

• MC9S08DZ96

• MC9S08DV128

• MC9S08DV96

Table 1-1 summarizes the feature set available in the MC9S08DZ128 Series.
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Chapter 7
Central Processor Unit (S08CPUV5)

7.1 Introduction
This section provides summary information about the registers, addressing modes, and instruction set of
the CPU of the HCS08 Family. For a more detailed discussion, refer to the HCS08 Family Reference
Manual, volume 1, Freescale Semiconductor document order number HCS08RMV1/D.

The HCS08 CPU is fully source- and object-code-compatible with the M68HC08 CPU. Several
instructions and enhanced addressing modes were added to improve C compiler efficiency and to support
a new background debug system which replaces the monitor mode of earlier M68HC08 microcontrollers
(MCU).

7.1.1 Features

Features of the HCS08 CPU include:

• Object code fully upward-compatible with M68HC05 and M68HC08 Families

• 64-KB CPU address space with banked memory management unit for greater than 64 KB

• 16-bit stack pointer (any size stack anywhere in 64-KB CPU address space)

• 16-bit index register (H:X) with powerful indexed addressing modes

• 8-bit accumulator (A)

• Many instructions treat X as a second general-purpose 8-bit register

• Seven addressing modes:

— Inherent — Operands in internal registers

— Relative — 8-bit signed offset to branch destination

— Immediate — Operand in next object code byte(s)

— Direct — Operand in memory at 0x0000–0x00FF

— Extended — Operand anywhere in 64-Kbyte address space

— Indexed relative to H:X — Five submodes including auto increment

— Indexed relative to SP — Improves C efficiency dramatically

• Memory-to-memory data move instructions with four address mode combinations

• Overflow, half-carry, negative, zero, and carry condition codes support conditional branching on
the results of signed, unsigned, and binary-coded decimal (BCD) operations

• Efficient bit manipulation instructions

• Fast 8-bit by 8-bit multiply and 16-bit by 8-bit divide instructions

• STOP and WAIT instructions to invoke low-power operating modes
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Chapter 8
Multi-Purpose Clock Generator (S08MCGV2)

8.1 Introduction
The multi-purpose clock generator (MCG) module provides several clock source choices for the MCU.
The module contains a frequency-locked loop (FLL) and a phase-locked loop (PLL) that are controllable
by either an internal or an external reference clock. The module can select either of the FLL or PLL clocks,
or either of the internal or external reference clocks as a source for the MCU system clock. Whichever
clock source is chosen, it is passed through a reduced bus divider which allows a lower output clock
frequency to be derived. The MCG also controls an external oscillator (XOSC) for the use of a crystal or
resonator as the external reference clock.

All devices in the MC9S08DZ128 Series feature the MCG module.

NOTE
Refer to Section 1.3, “System Clock Distribution,” for detailed view of the
distribution of clock sources throughout the chip.
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8.1.1 Features

Key features of the MCG module are:

• Frequency-locked loop (FLL)

— Internal or external reference can be used to control the FLL

• Phase-locked loop (PLL)

— Voltage-controlled oscillator (VCO)

— Modulo VCO frequency divider

— Phase/Frequency detector

— Integrated loop filter

— Lock detector with interrupt capability

• Internal reference clock

— Nine trim bits for accuracy

— Can be selected as the clock source for the MCU

• External reference clock

— Control for external oscillator

— Clock monitor with reset capability

— Can be selected as the clock source for the MCU

• Reference divider is provided

• Clock source selected can be divided down by 1, 2, 4, or 8

• BDC clock (MCGLCLK) is provided as a constant divide by 2 of the DCO output whether in an
FLL or PLL mode.

• Two selectable digitally controlled oscillators (DCOs) optimized for different frequency ranges.

• Option to maximize DCO output frequency for a 32,768 Hz external reference clock source.
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Chapter 9
5-V Analog Comparator (S08ACMPV3)

9.1 Introduction
The analog comparator module (ACMP) provides a circuit for comparing two analog input voltages or for
comparing one analog input voltage to an internal reference voltage. The comparator circuit is designed to
operate across the full range of the supply voltage (rail-to-rail operation).

All MC9S08DZ128 Series MCUs have two full function ACMPs. MCUs in the 48-pin package have two
ACMPs, but the output of ACMP2 is not accessible.

NOTE
MC9S08DZ128 Series devices operate at a higher voltage range (2.7 V to
5.5 V) and do not include stop1 mode. Please ignore references to stop1.

ACMP2O is not available in the 48-pin package.

9.1.1 ACMP Configuration Information

When using the bandgap reference voltage for input to ACMP+, the user must enable the bandgap buffer
by setting BGBE =1 in SPMSC1 see Section 5.8.7, “System Power Management Status and Control 1
Register (SPMSC1).” For value of bandgap voltage reference see Appendix A, “Electrical Characteristics”
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9.1.2 Features

The ACMP has the following features:

• Full rail to rail supply operation.

• Selectable interrupt on rising edge, falling edge, or either rising or falling edges of comparator
output.

• Option to compare to fixed internal bandgap reference voltage.

• Option to allow comparator output to be visible on a pin, ACMPxO.

• Can operate in stop3 mode

9.1.3 Modes of Operation

This section defines the ACMP operation in wait, stop and background debug modes.

9.1.3.1 ACMP in Wait Mode

The ACMP continues to run in wait mode if enabled before executing the WAIT instruction. Therefore,
the ACMP can be used to bring the MCU out of wait mode if the ACMP interrupt, ACIE is enabled. For
lowest possible current consumption, the ACMP should be disabled by software if not required as an
interrupt source during wait mode.

9.1.3.2 ACMP in Stop Modes

9.1.3.2.1 Stop3 Mode Operation

The ACMP continues to operate in Stop3 mode if enabled and compare operation remains active. If
ACOPE is enabled, comparator output operates as in the normal operating mode and comparator output is
placed onto the external pin. The MCU is brought out of stop when a compare event occurs and ACIE is
enabled; ACF flag sets accordingly.

If stop is exited with a reset, the ACMP will be put into its reset state.

9.1.3.2.2 Stop2 and Stop1 Mode Operation

During either Stop2 and Stop1 mode, the ACMP module will be fully powered down. Upon wake-up from
Stop2 or Stop1 mode, the ACMP module will be in the reset state.

9.1.3.3 ACMP in Active Background Mode

When the microcontroller is in active background mode, the ACMP will continue to operate normally.

9.1.4 Block Diagram

The block diagram for the Analog Comparator module is shown Figure 9-2.
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Chapter 10
Analog-to-Digital Converter (S08ADC12V1)

10.1 Introduction
The 12-bit analog-to-digital converter (ADC) is a successive approximation ADC designed for operation
within an integrated microcontroller system-on-chip.

NOTE
MC9S08DZ128 Series devices operate at a higher voltage range (2.7 V to
5.5 V) and do not include stop1 mode. Please ignore references to stop1.

The ADC channel assignments, alternate clock function, and hardware trigger function are configured as
described in Section 10.1.1, “Channel Assignments.”

10.1.1 Channel Assignments

NOTE
The ADC channel assignments for the MC9S08DZ128 Series devices are
shown in Table 10-1. Reserved channels convert to an unknown value.

This chapter shows bits for all S08ADC12V1 channels. MC9S08DZ128
Series MCUs do not use all of these channels. All bits corresponding to
channels that are not available on a device are reserved.

10.1.2 Analog Power and Ground Signal Names

References to VDDAD and VSSAD in this chapter correspond to signals VDDA and VSSA, respectively.
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10.1.3 Alternate Clock

The ADC module is capable of performing conversions using the MCU bus clock, the bus clock divided
by two, the local asynchronous clock (ADACK) within the module, or the alternate clock, ALTCLK. The
alternate clock for the MC9S08DZ128 Series MCU devices is the external reference clock
(MCGERCLK).

The selected clock source must run at a frequency such that the ADC conversion clock (ADCK) runs at a
frequency within its specified range (fADCK) after being divided down from the ALTCLK input as
determined by the ADIV bits.

ALTCLK is active while the MCU is in wait mode provided the conditions described above are met. This
allows ALTCLK to be used as the conversion clock source for the ADC while the MCU is in wait mode.

ALTCLK cannot be used as the ADC conversion clock source while the MCU is in either stop2 or stop3.

10.1.4 Hardware Trigger

The ADC hardware trigger, ADHWT, is the output from the real time counter (RTC) overflow or the
external interrupt request (IRQ) pin. The source is selected by the ADC hardware trigger select bit,

Table 10-1. ADC Channel Assignment

Notes:
1 For information, see Section 10.1.5, “Temperature Sensor”.
2 Requires BGBE =1 in SPMSC1 see Section 5.8.7, “System Power Management Status and Control 1 Register

(SPMSC1)”. For value of bandgap voltage reference see Section A.6, “DC Characteristics”.

ADCH Channel Input

00000 AD0 PTA0/ADP0/MCLK

00001 AD1 PTA1/ADP1/ACMP1+

00010 AD2 PTA2/ADP2/ACMP1P-

00011 AD3 PTA3/ADP3/ACMP1O

00100 AD4 PTA4/ADP4

00101 AD5 PTA5/ADP5

00110 AD6 PTA6/ADP6

00111 AD7 PTA7/ADP7

01000 AD8 PTB0/ADP8

01001 AD9 PTB1/ADP9

01010 AD10 PTB2/ADP10

01011 AD11 PTB3/ADP11

01100 AD12 PTB4/ADP12

01101 AD13 PTB5/ADP13

01110 AD14 PTB6/ADP14

01111 AD15 PTB7/ADP15

10000 AD16 PTC0/ADP16

10001 AD17 PTC1/ADP17

10010 AD18 PTC2/ADP18

10011 AD19 PTC3/ADP19

10100 AD20 PTC4/ADP20

10101 AD21 PTC5/ADP21

10110 AD22 PTC6/ADP22

10111 AD23 PTC7/ADP23

11000– AD24 through AD25 Reserved

11001

11010 AD26 Temperature Sensor1

11011 AD27 Internal Bandgap2

11100 VREFH VREFH

11101 VREFH VREFH

11110 VREFL VREFL

11111 Module Disabled None

ADCH Channel Input
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ADHTS, in the SOPT2 register. The RTC or IRQ can be configured to cause a hardware trigger in run,
wait, and stop3 modes.

10.1.5 Temperature Sensor

To use the on-chip temperature sensor, the user must perform the following:

• Configure ADC for long sample with a maximum of 1 MHz clock

• Convert the bandgap voltage reference channel (AD27)

— By converting the digital value of the bandgap voltage reference channel using the value of
VBG the user can determine VDD. For value of bandgap voltage, see Section A.6, “DC
Characteristics”.

• Convert the temperature sensor channel (AD26)

— By using the calculated value of VDD, convert the digital value of AD26 into a voltage, VTEMP

Equation 10-1 provides an approximate transfer function of the temperature sensor.

Temp = 25 - ((VTEMP -VTEMP25) ÷ m) Eqn. 10-1

where:

— VTEMP is the voltage of the temperature sensor channel at the ambient temperature.

— VTEMP25 is the voltage of the temperature sensor channel at 25°C.

— m is the hot or cold voltage versus temperature slope in V/°C.

For temperature calculations, use the VTEMP25 and m values from the ADC Electricals table.

In application code, the user reads the temperature sensor channel, calculates VTEMP, and compares to
VTEMP25. If VTEMP is greater than VTEMP25 the cold slope value is applied in Equation 10-1. If VTEMP is
less than VTEMP25 the hot slope value is applied in Equation 10-1.

To improve accuracy the user should calibrate the bandgap voltage reference and temperature sensor.

Calibrating at 25°C will improve accuracy to – 4.5°C.

Calibration at three points, -40°C, 25°C, and 125°C will improve accuracy to – 2.5°C. Once calibration
has been completed, the user will need to calculate the slope for both hot and cold. In application code, the
user would then calculate the temperature using Equation 10-1 as detailed above and then determine if the
temperature is above or below 25°C. Once determined if the temperature is above or below 25°C, the user
can recalculate the temperature using the hot or cold slope value obtained during calibration.
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10.1.6 Features

Features of the ADC module include:

• Linear successive approximation algorithm with 12-bit resolution

• Up to 28 analog inputs

• Output formatted in 12-, 10-, or 8-bit right-justified unsigned format

• Single or continuous conversion (automatic return to idle after single conversion)

• Configurable sample time and conversion speed/power

• Conversion complete flag and interrupt

• Input clock selectable from up to four sources

• Operation in wait or stop3 modes for lower noise operation

• Asynchronous clock source for lower noise operation

• Selectable asynchronous hardware conversion trigger

• Automatic compare with interrupt for less-than, or greater-than or equal-to, programmable value

• Temperature sensor

10.1.7 ADC Module Block Diagram

Figure 10-2 provides a block diagram of the ADC module.
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Chapter 11
Inter-Integrated Circuit (S08IICV2)

11.1 Introduction
The inter-integrated circuit (IIC) provides a method of communication between a number of devices. The
interface is designed to operate up to 100 kbps with maximum bus loading and timing. The device is
capable of operating at higher baud rates, up to a maximum of clock/20, with reduced bus loading. The
maximum communication length and the number of devices that can be connected are limited by a
maximum bus capacitance of 400 pF.

All MC9S08DZ128 Series MCUs in the 100-pin package have two IICs; devices in the 64-pin and 48-pin
packages have one IIC.

NOTE
MC9S08DZ128 Series devices operate at a higher voltage range (2.7 V to
5.5 V) and do not include stop1 mode. Please ignore references to stop1.

11.1.1 IIC1 Configuration Information

The IIC1 module pins, SDA1 and SCL1 can be repositioned under software control using IIC1PS in
SOPT1 as shown in Table 11-1. IIC1PS in SOPT1 selects which general-purpose I/O ports are associated
with the IIC1 operation.

Table 11-1. IIC1 Position Options

IIC1PS in SOPT1 Port Pin for SCL1 Port Pin for SDA1

0 (default) PTF2 PTF3

1 PTE4 PTE5
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11.1.2 Features

The IIC includes these distinctive features:
• Compatible with IIC bus standard
• Multi-master operation
• Software programmable for one of 64 different serial clock frequencies
• Software selectable acknowledge bit
• Interrupt driven byte-by-byte data transfer
• Arbitration lost interrupt with automatic mode switching from master to slave
• Calling address identification interrupt
• Start and stop signal generation/detection
• Repeated start signal generation
• Acknowledge bit generation/detection
• Bus busy detection
• General call recognition
• 10-bit address extension

11.1.3 Modes of Operation

A brief description of the IIC in the various MCU modes is given here.
• Run mode — This is the basic mode of operation. To conserve power in this mode, disable the

module.
• Wait mode — The module continues to operate while the MCU is in wait mode and can provide

a wake-up interrupt.
• Stop mode — The IIC is inactive in stop3 mode for reduced power consumption. The stop

instruction does not affect IIC register states. Stop2 resets the register contents.
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Chapter 12
Freescale’s Controller Area Network (S08MSCANV1)

12.1 Introduction
Freescale’s controller area network (MSCAN) is a communication controller implementing the CAN
2.0A/B protocol as defined in the Bosch specification dated September 1991. To fully understand the
MSCAN specification, it is recommended that the Bosch specification be read first to gain familiarity with
the terms and concepts contained within this document.

Though not exclusively intended for automotive applications, CAN protocol is designed to meet the
specific requirements of a vehicle serial data bus: real-time processing, reliable operation in the EMI
environment of a vehicle, cost-effectiveness, and required bandwidth.

MSCAN uses an advanced buffer arrangement resulting in predictable real-time behavior and simplified
application software.

The MSCAN module is available in all devices in the MC9S08DZ128 Series.
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12.1.1 Features

The basic features of the MSCAN are as follows:
• Implementation of the CAN protocol — Version 2.0A/B

— Standard and extended data frames
— Zero to eight bytes data length
— Programmable bit rate up to 1 Mbps1

— Support for remote frames
• Five receive buffers with FIFO storage scheme
• Three transmit buffers with internal prioritization using a “local priority” concept
• Flexible maskable identifier filter supports two full-size (32-bit) extended identifier filters, or four

16-bit filters, or eight 8-bit filters
• Programmable wakeup functionality with integrated low-pass filter
• Programmable loopback mode supports self-test operation
• Programmable listen-only mode for monitoring of CAN bus
• Programmable bus-off recovery functionality
• Separate signalling and interrupt capabilities for all CAN receiver and transmitter error states

(warning, error passive, bus-off)
• Programmable MSCAN clock source either bus clock or oscillator clock
• Internal timer for time-stamping of received and transmitted messages
• Three low-power modes: sleep, power down, and MSCAN enable
• Global initialization of configuration registers

12.1.2 Modes of Operation

The following modes of operation are specific to the MSCAN. See Section 12.5, “Functional Description,”
for details.

• Listen-Only Mode
• MSCAN Sleep Mode
• MSCAN Initialization Mode
• MSCAN Power Down Mode
• Loopback Self Test Mode

1. Depending on the actual bit timing and the clock jitter of the PLL.
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Chapter 13
Serial Peripheral Interface (S08SPIV3)

13.1 Introduction
The serial peripheral interface (SPI) module provides for full-duplex, synchronous, serial communication
between the MCU and peripheral devices. These peripheral devices can include other microcontrollers,
analog-to-digital converters, shift registers, sensors, memories, etc.

The SPI runs at a baud rate up to the bus clock divided by two in master mode and up to the bus clock
divided by four in slave mode. Software can poll the status flags, or SPI operation can be interrupt driven.

All MC9S08DZ128 Series MCUs in the 100-pin package have two SPIs; devices in the 64-pin and 48-pin
packages have one SPI.
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13.1.1 Features

Features of the SPI module include:

• Master or slave mode operation

• Full-duplex or single-wire bidirectional option

• Programmable transmit bit rate

• Double-buffered transmit and receive

• Serial clock phase and polarity options

• Slave select output

• Selectable MSB-first or LSB-first shifting

13.1.2 Block Diagrams

This section includes block diagrams showing SPI system connections, the internal organization of the SPI
module, and the SPI clock dividers that control the master mode bit rate.

13.1.2.1 SPI System Block Diagram

Figure 13-2 shows the SPI modules of two MCUs connected in a master-slave arrangement. The master
device initiates all SPI data transfers. During a transfer, the master shifts data out (on the MOSI pin) to the
slave while simultaneously shifting data in (on the MISO pin) from the slave. The transfer effectively
exchanges the data that was in the SPI shift registers of the two SPI systems. The SPSCK signal is a clock
output from the master and an input to the slave. The slave device must be selected by a low level on the
slave select input (SS pin). In this system, the master device has configured its SS pin as an optional slave
select output.

Figure 13-2. SPI System Connections
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Chapter 14
Serial Communications Interface (S08SCIV4)

14.1 Introduction
All MCUs in the MC9S08DZ128 Series include SCI1 and SCI2.

NOTE
MC9S08DZ128 Series devices operate at a higher voltage range (2.7 V to
5.5 V) and do not include stop1 mode. Please ignore references to stop1.

14.1.1 SCI2 Configuration Information

The SCI2 module pins, TxD2 and RxD2 can be repositioned under software control using SCI2PS in
SOPT1 as shown in Table 14-1. SCI2PS in SOPT1 selects which general-purpose I/O ports are associated
with the SCI2 operation.

Table 14-1. SCI2 Position Options

SCI2PS in SOPT1 Port Pin for TXD2 Port Pin for RxD2

0 (default) PTF0 PTF1

1 PTE6 PTE7
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14.1.2 Features

Features of SCI module include:

• Full-duplex, standard non-return-to-zero (NRZ) format

• Double-buffered transmitter and receiver with separate enables

• Programmable baud rates (13-bit modulo divider)

• Interrupt-driven or polled operation:

— Transmit data register empty and transmission complete

— Receive data register full

— Receive overrun, parity error, framing error, and noise error

— Idle receiver detect

— Active edge on receive pin

— Break detect supporting LIN

• Hardware parity generation and checking

• Programmable 8-bit or 9-bit character length

• Receiver wakeup by idle-line or address-mark

• Optional 13-bit break character generation / 11-bit break character detection

• Selectable transmitter output polarity

14.1.3 Modes of Operation

See Section 14.3, “Functional Description,” For details concerning SCI operation in these modes:

• 8- and 9-bit data modes

• Stop mode operation

• Loop mode

• Single-wire mode
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Chapter 15
Real-Time Counter (S08RTCV1)

15.1 Introduction
The RTC module consists of one 8-bit counter, one 8-bit comparator, several binary-based and
decimal-based prescaler dividers, three clock sources, and one programmable periodic interrupt. This
module can be used for time-of-day, calendar or any task scheduling functions. It can also serve as a cyclic
wake up from low power modes without the need of external components.

All devices in the MC9S08DZ128 Series feature the RTC.

15.1.1 RTC Clock Signal Names

References to ERCLK and IRCLK in this chapter correspond to signals MCGERCLK and MCGIRCLK,
respectively.
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15.1.2 Features

Features of the RTC module include:

• 8-bit up-counter

— 8-bit modulo match limit

— Software controllable periodic interrupt on match

• Three software selectable clock sources for input to prescaler with selectable binary-based and
decimal-based divider values

— 1-kHz internal low-power oscillator (LPO)

— External clock (ERCLK)

— 32-kHz internal clock (IRCLK)

15.1.3 Modes of Operation

This section defines the operation in stop, wait and background debug modes.

15.1.3.1 Wait Mode

The RTC continues to run in wait mode if enabled before executing the appropriate instruction. Therefore,
the RTC can bring the MCU out of wait mode if the real-time interrupt is enabled. For lowest possible
current consumption, the RTC should be stopped by software if not needed as an interrupt source during
wait mode.

15.1.3.2 Stop Modes

The RTC continues to run in stop2 or stop3 mode if the RTC is enabled before executing the STOP
instruction. Therefore, the RTC can bring the MCU out of stop modes with no external components, if the
real-time interrupt is enabled.

The LPO clock can be used in stop2 and stop3 modes. ERCLK and IRCLK clocks are only available in
stop3 mode.

Power consumption is lower when all clock sources are disabled, but in that case, the real-time interrupt
cannot wake up the MCU from stop modes.

15.1.3.3 Active Background Mode

The RTC suspends all counting during active background mode until the microcontroller returns to normal
user operating mode. Counting resumes from the suspended value as long as the RTCMOD register is not
written and the RTCPS and RTCLKS bits are not altered.
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Chapter 16
Timer Pulse-Width Modulator (S08TPMV3)

16.1 Introduction
The TPM uses one input/output (I/O) pin per channel, TPMxCHn, where x is the TPM number (for
example, 1 or 2) and n is the channel number (for example, 0–4). The TPM shares its I/O pins with
general-purpose I/O port pins (refer to the Pins and Connections chapter for more information).

NOTE
MC9S08DZ128 Series MCUs have three TPM modules. TPM3 channels
are not bonded out in the 64-pin and 48-pin packages.
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16.1.1 Features

The TPM includes these distinctive features:
• One to eight channels:

— Each channel may be input capture, output compare, or edge-aligned PWM
— Rising-Edge, falling-edge, or any-edge input capture trigger
— Set, clear, or toggle output compare action
— Selectable polarity on PWM outputs

• Module may be configured for buffered, center-aligned pulse-width-modulation (CPWM) on all
channels

• Timer clock source selectable as prescaled bus clock, fixed system clock, or an external clock pin
— Prescale taps for divide-by 1, 2, 4, 8, 16, 32, 64, or 128
— Fixed system clock source are synchronized to the bus clock by an on-chip synchronization

circuit
— External clock pin may be shared with any timer channel pin or a separated input pin

• 16-bit free-running or modulo up/down count operation
• Timer system enable
• One interrupt per channel plus terminal count interrupt

16.1.2 Modes of Operation

In general, TPM channels may be independently configured to operate in input capture, output compare,
or edge-aligned PWM modes. A control bit allows the whole TPM (all channels) to switch to
center-aligned PWM mode. When center-aligned PWM mode is selected, input capture, output compare,
and edge-aligned PWM functions are not available on any channels of this TPM module.

When the microcontroller is in active BDM background or BDM foreground mode, the TPM temporarily
suspends all counting until the microcontroller returns to normal user operating mode. During stop mode,
all system clocks, including the main oscillator, are stopped; therefore, the TPM is effectively disabled
until clocks resume. During wait mode, the TPM continues to operate normally. Provided the TPM does
not need to produce a real time reference or provide the interrupt source(s) needed to wake the MCU from
wait mode, the user can save power by disabling TPM functions before entering wait mode.

• Input capture mode
When a selected edge event occurs on the associated MCU pin, the current value of the 16-bit timer
counter is captured into the channel value register and an interrupt flag bit is set. Rising edges,
falling edges, any edge, or no edge (disable channel) may be selected as the active edge which
triggers the input capture.

• Output compare mode
When the value in the timer counter register matches the channel value register, an interrupt flag
bit is set, and a selected output action is forced on the associated MCU pin. The output compare
action may be selected to force the pin to zero, force the pin to one, toggle the pin, or ignore the
pin (used for software timing functions).
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Chapter 17
Development Support

17.1 Introduction
Development support systems in the HCS08 include the background debug controller (BDC) and the
on-chip debug module (DBG). The BDC provides a single-wire debug interface to the target MCU that
provides a convenient interface for programming the on-chip FLASH and other nonvolatile memories. The
BDC is also the primary debug interface for development and allows non-intrusive access to memory data
and traditional debug features such as CPU register modify, breakpoints, and single instruction trace
commands.

In the HCS08 Family, address and data bus signals are not available on external pins (not even in test
modes). Debug is done through commands fed into the target MCU via the single-wire background debug
interface. The debug module provides a means to selectively trigger and capture bus information so an
external development system can reconstruct what happened inside the MCU on a cycle-by-cycle basis
without having external access to the address and data signals.

17.1.1 Forcing Active Background

The method for forcing active background mode depends on the specific HCS08 derivative. For the
MC9S08DZ128 Series, you can force active background after a power-on reset by holding the BKGD pin
low as the device exits the reset condition. You can also force active background by driving BKGD low
immediately after a serial background command that writes a one to the BDFR bit in the SBDFR register.
Other causes of reset including an external pin reset or an internally generated error reset ignore the state
of the BKGD pin and reset into normal user mode. If no debug pod is connected to the BKGD pin, the
MCU will always reset into normal operating mode.
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17.1.2 Features

Features of the BDC module include:

• Single pin for mode selection and background communications
• BDC registers are not located in the memory map
• SYNC command to determine target communications rate
• Non-intrusive commands for memory access
• Active background mode commands for CPU register access
• GO and TRACE1 commands
• BACKGROUND command can wake CPU from stop or wait modes
• One hardware address breakpoint built into BDC
• Oscillator runs in stop mode, if BDC enabled
• COP watchdog disabled while in active background mode

17.2 Background Debug Controller (BDC)
All MCUs in the HCS08 Family contain a single-wire background debug interface that supports in-circuit
programming of on-chip nonvolatile memory and sophisticated non-intrusive debug capabilities. Unlike
debug interfaces on earlier 8-bit MCUs, this system does not interfere with normal application resources.
It does not use any user memory or locations in the memory map and does not share any on-chip
peripherals.

BDC commands are divided into two groups:

• Active background mode commands require that the target MCU is in active background mode (the
user program is not running). Active background mode commands allow the CPU registers to be
read or written, and allow the user to trace one user instruction at a time, or GO to the user program
from active background mode.

• Non-intrusive commands can be executed at any time even while the user’s program is running.
Non-intrusive commands allow a user to read or write MCU memory locations or access status and
control registers within the background debug controller.

Typically, a relatively simple interface pod is used to translate commands from a host computer into
commands for the custom serial interface to the single-wire background debug system. Depending on the
development tool vendor, this interface pod may use a standard RS-232 serial port, a parallel printer port,
or some other type of communications such as a universal serial bus (USB) to communicate between the
host PC and the pod. The pod typically connects to the target system with ground, the BKGD pin, RESET,
and sometimes VDD. An open-drain connection to reset allows the host to force a target system reset,
which is useful to regain control of a lost target system or to control startup of a target system before the
on-chip nonvolatile memory has been programmed. Sometimes VDD can be used to allow the pod to use
power from the target system to avoid the need for a separate power supply. However, if the pod is powered
separately, it can be connected to a running target system without forcing a target system reset or otherwise
disturbing the running application program.
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Chapter 18
Debug Module (S08DBGV3) (128K)

18.1 Introduction
The DBG module implements an on-chip ICE (in-circuit emulation) system and allows non-intrusive
debug of application software by providing an on-chip trace buffer with flexible triggering capability. The
trigger also can provide extended breakpoint capacity. The on-chip ICE system is optimized for the HCS08
8-bit architecture and supports 64K bytes or 128K bytes of memory space.

18.1.1 Features

The on-chip ICE system includes these distinctive features:
• Three comparators (A, B, and C) with ability to match addresses in 128K space

— Dual mode, Comparators A and B used to compare addresses
— Full mode, Comparator A compares address and Comparator B compares data
— Can be used as triggers and/or breakpoints
— Comparator C can be used as a normal hardware breakpoint
— Loop1 capture mode, Comparator C is used to track most recent COF event captured into FIFO

• Tag and Force type breakpoints
• Nine trigger modes

— A
— A Or B
— A Then B
— A And B, where B is data (Full mode)
— A And Not B, where B is data (Full mode)
— Event Only B, store data
— A Then Event Only B, store data
— Inside Range, A � Address � B
— Outside Range, Address < � or Address > B

• FIFO for storing change of flow information and event only data
— Source address of conditional branches taken
— Destination address of indirect JMP and JSR instruction
— Destination address of interrupts, RTI, RTC, and RTS instruction
— Data associated with Event B trigger modes
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Appendix A
Electrical Characteristics

A.1 Introduction
This section contains the most accurate electrical and timing information for the MC9S08DZ128 Series of
microcontrollers available at the time of publication.

A.2 Parameter Classification
The electrical parameters shown in this supplement are guaranteed by various methods. To give the
customer a better understanding the following classification is used and the parameters are tagged
accordingly in the tables where appropriate:

NOTE
The classification is shown in the column labeled “C” in the parameter
tables where appropriate.

A.3 Absolute Maximum Ratings
Absolute maximum ratings are stress ratings only, and functional operation at the maxima is not
guaranteed. Stress beyond the limits specified in Table A-2 may affect device reliability or cause
permanent damage to the device. For functional operating conditions, refer to the remaining tables in this
section.

This device contains circuitry protecting against damage due to high static voltage or electrical fields;
however, it is advised that normal precautions be taken to avoid application of any voltages higher than

Table A-1. Parameter Classifications

P Those parameters are guaranteed during production testing on each individual device.

C
Those parameters are achieved by the design characterization by measuring a
statistically relevant sample size across process variations.

T
Those parameters are achieved by design characterization on a small sample size from
typical devices under typical conditions unless otherwise noted. All values shown in
the typical column are within this category.

D Those parameters are derived mainly from simulations.
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