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Chapter 3  
Modes of Operation

3.1 Introduction
The operating modes of the MC9S08AC60 Series are described in this chapter. Entry into each mode, exit 
from each mode, and functionality while in each of the modes are described.

3.2 Features
• Active background mode for code development

• Wait mode:

— CPU shuts down to conserve power

— System clocks running

— Full voltage regulation maintained

• Stop modes:

— System clocks stopped; voltage regulator in standby

— Stop2 — Partial power down of internal circuits, RAM contents retained

— Stop3 — All internal circuits powered for fast recovery

3.3 Run Mode
This is the normal operating mode for the MC9S08AC60 Series. This mode is selected when the 
BKGD/MS pin is high at the rising edge of reset. In this mode, the CPU executes code from internal 
memory with execution beginning at the address fetched from memory at 0xFFFE:0xFFFF after reset.

3.4 Active Background Mode
The active background mode functions are managed through the background debug controller (BDC) in 
the HCS08 core. The BDC, together with the on-chip ICE debug module (DBG), provide the means for 
analyzing MCU operation during software development.

Active background mode is entered in any of five ways: 

• When the BKGD/MS pin is low at the rising edge of reset

• When a BACKGROUND command is received through the BKGD pin

• When a BGND instruction is executed

• When encountering a BDC breakpoint

• When encountering a DBG breakpoint
MC9S08AC60 Series Data Sheet, Rev. 3
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Chapter 4 Memory
Figure 4-3. Example Erase Verify Command Flow

4.4.4 Burst Program Execution

The burst program command is used to program sequential bytes of data in less time than would be 
required using the standard program command. This is possible because the high voltage to the FLASH 
array does not need to be disabled between program operations. Ordinarily, when a program or erase 
command is issued, an internal charge pump associated with the FLASH memory must be enabled to 
supply high voltage to the array. Upon completion of the command, the charge pump is turned off. When 

Write: Flash Block Address

Write: FCMD register

Write: FSTAT register

1.

2.

3.

Write: FSTAT registeryes

no

Access Error and

noBit Polling for

Read: FSTAT register

yes

Read: FSTAT register

no

START

yes

FCBEF 
Set?

Command

FCCF 
Set?

FACCERR/FPVIOL 
Set?

noErase Verify

yes

EXITFlash Block

FBLANK 
Set?

Write: FCDIV register

Read: FCDIV register

yes

noClock Register FDIVLD 
Set?

NOTE: FCDIV needs to
Written
Check

Protection Violation
Check

Buffer Empty Check

and Dummy Data

Erase Verify Command 0x05

Clear FCBEF 0x80

Clear FACCERR/FPVIOL 0x30

Command Completion
Check

Status

Erased
Flash Block
Not Erased

EXIT

be set after each reset
MC9S08AC60 Series Data Sheet, Rev. 3

54 Freescale Semiconductor
 



Chapter 6 Parallel Input/Output
7 6 5 4 3 2 1 0

R 0
PTGDS6 PTGDS5 PTGDS4 PTGDS3 PTGDS2 PTGDS1 PTGDS0

W

Reset 0 0 0 0 0 0 0 0

Figure 6-36. Output Drive Strength Selection for Port G (PTGDS)

Table 6-35. PTGDS Register Field Descriptions 

Field Description

6:0
PTGDS[6:0]

Output Drive Strength Selection for Port G Bits — Each of these control bits selects between low and high 
output drive for the associated PTG pin.
0 Low output drive enabled for port G bit n.
1 High output drive enabled for port G bit n.
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BPL  rel Branch if Plus (if N = 0) REL 2A rr 3 ppp –  1  1  – –  –  –  –

BRA  rel Branch Always (if I = 1) REL 20 rr 3 ppp –  1  1  – –  –  –  –

BRCLR  n,opr8a,rel Branch if Bit n  in Memory Clear (if (Mn) = 0)

DIR (b0)
DIR (b1)
DIR (b2)
DIR (b3)
DIR (b4)
DIR (b5)
DIR (b6)
DIR (b7)

01
03
05
07
09
0B
0D
0F

dd rr
dd rr
dd rr
dd rr
dd rr
dd rr
dd rr
dd rr

5
5
5
5
5
5
5
5

rpppp
rpppp
rpppp
rpppp
rpppp
rpppp
rpppp
rpppp

–  1  1  – –  –  –  

BRN  rel Branch Never (if I = 0) REL 21 rr 3 ppp –  1  1  – –  –  –  –

BRSET  n,opr8a,rel Branch if Bit n in Memory Set (if (Mn) = 1)

DIR (b0)
DIR (b1)
DIR (b2)
DIR (b3)
DIR (b4)
DIR (b5)
DIR (b6)
DIR (b7)

00
02
04
06
08
0A
0C
0E

dd rr
dd rr
dd rr
dd rr
dd rr
dd rr
dd rr
dd rr

5
5
5
5
5
5
5
5

rpppp
rpppp
rpppp
rpppp
rpppp
rpppp
rpppp
rpppp

–  1  1  – –  –  –  

BSET  n,opr8a Set Bit n in Memory (Mn  1)

DIR (b0)
DIR (b1)
DIR (b2)
DIR (b3)
DIR (b4)
DIR (b5)
DIR (b6)
DIR (b7)

10
12
14
16
18
1A
1C
1E

dd
dd
dd
dd
dd
dd
dd
dd

5
5
5
5
5
5
5
5

rfwpp
rfwpp
rfwpp
rfwpp
rfwpp
rfwpp
rfwpp
rfwpp

–  1  1  – –  –  –  –

BSR  rel

Branch to Subroutine
 PC (PC) + $0002

 push (PCL); SP  (SP) – $0001
 push (PCH); SP  (SP) – $0001

 PC  (PC) + rel

REL AD rr 5 ssppp –  1  1  – –  –  –  –

CBEQ  opr8a,rel
CBEQA  #opr8i,rel
CBEQX  #opr8i,rel
CBEQ  oprx8,X+,rel
CBEQ  ,X+,rel
CBEQ oprx8,SP,rel

Compare and... Branch if (A) = (M)
Branch if (A) = (M)
Branch if (X) = (M)
Branch if (A) = (M)
Branch if (A) = (M)
Branch if (A) = (M)

DIR
IMM
IMM
IX1+
IX+
SP1

31
41
51
61
71

9E 61

dd rr
ii rr
ii rr
ff rr
rr
ff rr

5
4
4
5
5
6

rpppp
pppp
pppp
rpppp
rfppp
prpppp

–  1  1  – –  –  –  –

CLC Clear Carry Bit (C  0) INH 98 1 p –  1  1  – –  –  –  0

CLI Clear Interrupt Mask Bit (I  0) INH 9A 1 p –  1  1  – 0  –  –  –

CLR  opr8a
CLRA
CLRX
CLRH
CLR  oprx8,X
CLR  ,X
CLR  oprx8,SP

Clear M  $00
A  $00
X  $00
H  $00
M  $00
M  $00
M  $00

DIR
INH
INH
INH
IX1
IX
SP1

3F
4F
5F
8C
6F
7F

9E 6F

dd

ff  

ff

5
1
1
1
5
4
6

rfwpp
p
p
p
rfwpp
rfwp
prfwpp

0  1  1  – –  0  1  –

Table 7-2. . Instruction Set Summary (Sheet 3 of 9)

Source
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Details
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Cyclic Redundancy Check (S08CRCV1) 
8.3.2.2 CRC Low Register (CRCL)

8.4 Functional Description
To enable the CRC function, a write to the CRCH register will trigger the first half of the seed mechanism 
which will place the CRCH value directly into bits 15-8 of the CRC generator shift register. The CRC 
generator will then expect a write to CRCL to complete the seed mechanism. 

As soon as the CRCL register is written to, its value will be loaded directly into bits 7-0 of the shift register, 
and the second half of the seed mechanism will be complete. This value in CRCH:CRCL will be the initial 
seed value in the CRC generator. 

Now the first byte of the data on which the CRC calculation will be applied should be written to CRCL. 
This write after the completion of the seed mechanism will trigger the CRC module to begin the CRC 
checking process. The CRC generator will shift the bits in the CRCL register (MSB first) into the shift 
register of the generator. After all 8 bits have been shifted into the CRC generator (in the next bus cycle 
after the data write to CRCL), the result of the shifting, or the value currently in the shift register, can be 
read directly from CRCH:CRCL, and the next data byte to include in the CRC calculation can be written 
to the CRCL register.

This next byte will then also be shifted through the CRC generator’s 16-bit shift register, and after the 
shifting has been completed, the result of this second calculation can be read directly from CRCH:CRCL.

After each byte has finished shifting, a new CRC result will appear in CRCH:CRCL, and an additional 
byte may be written to the CRCL register to be included within the CRC16-CCITT calculation. A new 
CRC result will appear in CRCH:CRCL each time 8-bits have been shifted into the shift register.

To start a new CRC calculation, write to CRCH, and the seed mechanism for a new CRC calculation will 
begin again.

7 6 5 4 3 2 1 0

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

W

Reset 0 0 0 0 0 0 0 0

Figure 8-4. CRC High Register (CRCH)

Table 8-3. Register Field Descriptions 

Field Description

7:0
CRCL

CRCL -- This is the low byte of the 16-bit CRC register. Normally, a write to CRCL will cause the CRC generator to 
begin clocking through the 16-bit CRC generator. As a special case, if a write to CRCH has occurred previously, a 
subsequent write to CRCL will load the value in the register as the low byte of a 16-bit seed value directly into bits 
7-0 of the shift register in the CRC generator. A read of CRCL will read bits 7-0 of the current CRC calculation result 
directly out of the shift register in the CRC generator. 
MC9S08AC60 Series Data Sheet, Rev. 3
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Chapter 9  
Analog-to-Digital Converter (S08ADC10V1)

9.1 Overview
The 10-bit analog-to-digital converter (ADC) is a successive approximation ADC designed for operation 
within an integrated microcontroller system-on-chip. The ADC module design supports up to 28 separate 
analog inputs (AD0-AD27). Only 18 (AD0-AD15, AD26, and AD27) of the possible inputs are 
implemented on the MC9S08AC60 Series Family of MCUs. These inputs are selected by the ADCH bits. 
Some inputs are shared with I/O pins as shown in Figure 9-1. All of the channel assignments of the ADC 
for the MC9S08AC60 Series devices are summarized in Table 9-1.

9.2 Channel Assignments
The ADC channel assignments for the MC9S08AC60 Series devices are shown in the table below. 
Channels that are unimplemented are internally connected to VREFL. Reserved channels convert to an 
unknown value. Channels which are connected to an I/O pin have an associated pin control bit as shown.

Table 9-1. ADC Channel Assignment 

ADCH Channel Input Pin Control ADCH Channel Input Pin Control

00000 AD0 PTB0/ADCP0 ADPC0 10000 AD16 VREFL N/A

00001 AD1 PTB1/ADCP1 ADPC1 10001 AD17 VREFL N/A

00010 AD2 PTB2/ADCP2 ADPC2 10010 AD18 VREFL N/A

00011 AD3 PTB3/ADCP3 ADPC3 10011 AD19 VREFL N/A

00100 AD4 PTB4/ADCP4 ADPC4 10100 AD20 VREFL N/A

00101 AD5 PTB5/ADCP5 ADPC5 10101 AD21 VREFL N/A

00110 AD6 PTB6/ADCP6 ADPC6 10110 AD22 Reserved N/A

00111 AD7 PTB7/ADCP7 ADPC7 10111 AD23 Reserved N/A

01000 AD8 PTD0/ADCP8 ADPC8 11000 AD24 Reserved N/A

01001 AD9 PTD1/ADCP9 ADPC9 11001 AD25 Reserved N/A

01010 AD10 PTD2/ADCP10/
KBI1P5

ADPC10 11010 AD26 Temperature 
Sensor1

N/A

01011 AD11 PTD3/ADCP11/
KBI1P6

ADPC11 11011 AD27 Internal Bandgap2 N/A

01100 AD12 PTD4/ADCP12/
TPM2CLK

ADPC12 11100 - Reserved N/A

01101 AD13 PTD5/ADCP13 ADPC13 11101 VREFH VREFH N/A

01110 AD14 PTD6/ADCP14/
TPM1CLK

ADPC14 11110 VREFL VREFL N/A

01111 AD15 PTD7/ADCP15/
KBI1P7

ADPC15 11111 module 
disabled

None N/A
MC9S08AC60 Series Data Sheet, Rev. 3
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Analog-to-Digital Converter (S08ADC10V1) 
are too fast, then the clock must be divided to the appropriate frequency. This divider is specified by the 
ADIV bits and can be divide-by 1, 2, 4, or 8.

9.5.2 Input Select and Pin Control

The pin control registers (APCTL3, APCTL2, and APCTL1) are used to disable the I/O port control of the 
pins used as analog inputs.When a pin control register bit is set, the following conditions are forced for the 
associated MCU pin:

• The output buffer is forced to its high impedance state.

• The input buffer is disabled. A read of the I/O port returns a zero for any pin with its input buffer 
disabled.

• The pullup is disabled.

9.5.3 Hardware Trigger

The ADC module has a selectable asynchronous hardware conversion trigger, ADHWT, that is enabled 
when the ADTRG bit is set. This source is not available on all MCUs. Consult the module introduction for 
information on the ADHWT source specific to this MCU. 

When ADHWT source is available and hardware trigger is enabled (ADTRG=1), a conversion is initiated 
on the rising edge of ADHWT. If a conversion is in progress when a rising edge occurs, the rising edge is 
ignored. In continuous convert configuration, only the initial rising edge to launch continuous conversions 
is observed. The hardware trigger function operates in conjunction with any of the conversion modes and 
configurations.

9.5.4 Conversion Control

Conversions can be performed in either 10-bit mode or 8-bit mode as determined by the MODE bits. 
Conversions can be initiated by either a software or hardware trigger. In addition, the ADC module can be 
configured for low power operation, long sample time, continuous conversion, and automatic compare of 
the conversion result to a software determined compare value.

9.5.4.1 Initiating Conversions

A conversion is initiated:

• Following a write to ADCSC1 (with ADCH bits not all 1s) if software triggered operation is 
selected.

• Following a hardware trigger (ADHWT) event if hardware triggered operation is selected.

• Following the transfer of the result to the data registers when continuous conversion is enabled.

If continuous conversions are enabled a new conversion is automatically initiated after the completion of 
the current conversion. In software triggered operation, continuous conversions begin after ADCSC1 is 
written and continue until aborted. In hardware triggered operation, continuous conversions begin after a 
hardware trigger event and continue until aborted.
MC9S08AC60 Series Data Sheet, Rev. 3
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Analog-to-Digital Converter (S08ADC10V1) 
converter yields the lower code (and vice-versa). However, even very small amounts of system noise can 
cause the converter to be indeterminate (between two codes) for a range of input voltages around the 
transition voltage. This range is normally around ±1/2 LSB and will increase with noise. This error may be 
reduced by repeatedly sampling the input and averaging the result. Additionally the techniques discussed 
in Section 9.7.2.3 will reduce this error.

Non-monotonicity is defined as when, except for code jitter, the converter converts to a lower code for a 
higher input voltage. Missing codes are those values which are never converted for any input value.

In 8-bit or 10-bit mode, the ADC is guaranteed to be monotonic and to have no missing codes.
MC9S08AC60 Series Data Sheet, Rev. 3
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Internal Clock Generator (S08ICGV4) 
10.4.7.1 FLL Engaged External Unlocked

FEE unlocked is entered when FEE is entered and the count error (n) output from the subtractor is greater 
than the maximum nunlock or less than the minimum nunlock, as required by the lock detector to detect the 
unlock condition.

The ICG will remain in this state while the count error (n) is greater than the maximum nlock or less than 
the minimum nlock, as required by the lock detector to detect the lock condition.

In this state, the pulse counter, subtractor, digital loop filter, and DCO form a closed loop and attempt to 
lock it according to their operational descriptions later in this section. Upon entering this state and until 
the FLL becomes locked, the output clock signal ICGOUT frequency is given by fICGDCLK / (2R) This 
extra divide by two prevents frequency overshoots during the initial locking process from exceeding 
chip-level maximum frequency specifications. After the FLL has locked, if an unexpected loss of lock 
causes it to re-enter the unlocked state while the ICG remains in FEE mode, the output clock signal 
ICGOUT frequency is given by fICGDCLK / R.

10.4.7.2 FLL Engaged External Locked

FEE locked is entered from FEE unlocked when the count error (n) is less than nlock (max) and greater 
than nlock (min) for a given number of samples, as required by the lock detector to detect the lock 
condition. The output clock signal ICGOUT frequency is given by fICGDCLK/R. In FLL engaged external 
locked, the filter value is updated only once every four comparison cycles. The update made is an average 
of the error measurements taken in the four previous comparisons.

10.4.8 FLL Lock and Loss-of-Lock Detection

To determine the FLL locked and loss-of-lock conditions, the pulse counter counts the pulses of the DCO 
for one comparison cycle (see Table 10-9 for explanation of a comparison cycle) and passes this number 
to the subtractor. The subtractor compares this value to the value in MFD and produces a count error, n. 
To achieve locked status, n must be between nlock (min) and nlock (max). After the FLL has locked, n 
must stay between nunlock (min) and nunlock (max) to remain locked. If n goes outside this range 
unexpectedly, the LOLS status bit is set and remains set until cleared by software or until the MCU is reset. 
LOLS is cleared by reading ICGS1 then writing 1 to ICGIF (LOLRE = 0), or by a loss-of-lock induced 
reset (LOLRE = 1), or by any MCU reset.

If the ICG enters the off state due to stop mode when ENBDM = OSCSTEN = 0, the FLL loses locked 
status (LOCK is cleared), but LOLS remains unchanged because this is not an unexpected loss-of-lock 
condition. Though it would be unusual, if ENBDM is cleared to 0 while the MCU is in stop, the ICG enters 
the off state. Because this is an unexpected stopping of clocks, LOLS will be set when the MCU wakes up 
from stop.

Expected loss of lock occurs when the MFD or CLKS bits are changed or in FEI mode only, when the 
TRIM bits are changed. In these cases, the LOCK bit will be cleared until the FLL regains lock, but the 
LOLS will not be set.
MC9S08AC60 Series Data Sheet, Rev. 3
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Internal Clock Generator (S08ICGV4) 
10.5.4 Example #3: No External Crystal Connection, 5.4 MHz Bus 
Frequency

In this example, the FLL will be used (in FEI mode) to multiply the internal 243 kHz (approximate) 
reference clock up to 10.8 MHz to achieve 5.4 MHz bus frequency. This system will also use the trim 
function to fine tune the frequency based on an external reference signal.

After the MCU is released from reset, the ICG is in self-clocked mode (SCM) and supplies approximately 
8 MHz on ICGOUT which corresponds to a 4 MHz bus frequency (fBus). 

The clock scheme will be FLL engaged, internal (FEI). So 

fICGOUT = (fIRG / 7) * P * N / R ; P = 64,  fIRG =  243 kHz Eqn. 10-5

Solving for N / R gives: 

N / R = 10.8 MHz /(243/7 kHz * 64) = 4.86 ;  We can choose N = 10 and R = 2. Eqn. 10-6

A trim procedure will be required to hone the frequency to exactly 5.4 MHz. An example of the trim 
procedure is shown in example #4. 

The values needed in each register to set up the desired operation are:

ICGC1 = $28 (%00101000)

Bit 7 HGO 0 Configures oscillator for low power
Bit 6 RANGE 0 Configures oscillator for low-frequency range; FLL prescale factor is 64
Bit 5 REFS 1 Oscillator using crystal or resonator requested (bit is really a don’t care)
Bits 4:3 CLKS 01 FLL engaged, internal reference clock mode
Bit 2 OSCSTEN 0 Disables the oscillator 
Bit 1 LOCD 0 Loss-of-clock enabled
Bit 0 0 Unimplemented or reserved, always reads zero

ICGC2 = $31 (%00110001)

Bit 7 LOLRE 0 Generates an interrupt request on loss of lock
Bit 6:4 MFD 011 Sets the MFD multiplication factor to 10
Bit 3 LOCRE 0 Generates an interrupt request on loss of clock
Bit 2:0 RFD 001 Sets the RFD division factor to 2

ICGS1 = $xx 

This is read only except for clearing interrupt flag

ICGS2 = $xx   

This is read only; good idea to read this before performing time critical operations

ICGFLTLU/L = $xx

Not used in this example
MC9S08AC60 Series Data Sheet, Rev. 3
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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.

For additional detail, please refer to volume 1 of the HCS08 Reference Manual, (Freescale Semiconductor 
document order number HCS08RMv1/D).

The MC9S08AC60 series of microcontrollers has an inter-integrated circuit (IIC) module for 
communication with other integrated circuits.
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Inter-Integrated Circuit (S08IICV2) 
After a repeated start condition (Sr), all other slave devices also compare the first seven bits of the first 
byte of the slave address with their own addresses and test the eighth (R/W) bit. However, none of them 
are addressed because R/W = 1 (for 10-bit devices) or the 11110XX slave address (for 7-bit devices) does 
not match.

After the master-receiver has sent the first byte of the 10-bit address, the slave-transmitter sees an IIC 
interrupt. Software must ensure the contents of IICD are ignored and not treated as valid data for this 
interrupt.

11.4.3 General Call Address

General calls can be requested in 7-bit address or 10-bit address. If the GCAEN bit is set, the IIC matches 
the general call address as well as its own slave address. When the IIC responds to a general call, it acts as 
a slave-receiver and the IAAS bit is set after the address cycle. Software must read the IICD register after 
the first byte transfer to determine whether the address matches is its own slave address or a general call. 
If the value is 00, the match is a general call. If the GCAEN bit is clear, the IIC ignores any data supplied 
from a general call address by not issuing an acknowledgement.

11.5 Resets
The IIC is disabled after reset. The IIC cannot cause an MCU reset.

11.6 Interrupts
The IIC generates a single interrupt.

An interrupt from the IIC is generated when any of the events in Table 11-11 occur, provided the IICIE bit 
is set. The interrupt is driven by bit IICIF (of the IIC status register) and masked with bit IICIE (of the IIC 
control register). The IICIF bit must be cleared by software by writing a 1 to it in the interrupt routine. You 
can determine the interrupt type by reading the status register.

11.6.1 Byte Transfer Interrupt

The TCF (transfer complete flag) bit is set at the falling edge of the ninth clock to indicate the completion 
of byte transfer.

S

Slave Address
1st 7 bits

R/W
A1

Slave Address
2nd byte A2 Sr

Slave Address
1st 7 bits

R/W
A3 Data A ... Data A P

11110 + AD10 + AD9 0 AD[8:1] 11110 + AD10 + AD9 1

Table 11-10. Master-Receiver Addresses a Slave-Transmitter with a 10-bit Address

Table 11-11. Interrupt Summary 

Interrupt Source Status Flag Local Enable

Complete 1-byte transfer TCF IICIF IICIE

Match of received calling address IAAS IICIF IICIE

Arbitration Lost ARBL IICIF IICIE
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14.4.5 SPI Data Register (SPID)

Reads of this register return the data read from the receive data buffer. Writes to this register write data to 
the transmit data buffer. When the SPI is configured as a master, writing data to the transmit data buffer 
initiates an SPI transfer.

Data should not be written to the transmit data buffer unless the SPI transmit buffer empty flag (SPTEF) 
is set, indicating there is room in the transmit buffer to queue a new transmit byte.

Data may be read from SPID any time after SPRF is set and before another transfer is finished. Failure to 
read the data out of the receive data buffer before a new transfer ends causes a receive overrun condition 
and the data from the new transfer is lost.

Table 14-7. SPIS Register Field Descriptions

Field Description

7
SPRF

SPI Read Buffer Full Flag — SPRF is set at the completion of an SPI transfer to indicate that received data may 
be read from the SPI data register (SPID). SPRF is cleared by reading SPRF while it is set, then reading the SPI 
data register.
0 No data available in the receive data buffer
1 Data available in the receive data buffer

5
SPTEF

SPI Transmit Buffer Empty Flag — This bit is set when there is room in the transmit data buffer. It is cleared by 
reading SPIS with SPTEF set, followed by writing a data value to the transmit buffer at SPID. SPIS must be read 
with SPTEF = 1 before writing data to SPID or the SPID write will be ignored. SPTEF generates an SPTEF CPU 
interrupt request if the SPTIE bit in the SPIC1 is also set. SPTEF is automatically set when a data byte transfers 
from the transmit buffer into the transmit shift register. For an idle SPI (no data in the transmit buffer or the shift 
register and no transfer in progress), data written to SPID is transferred to the shifter almost immediately so 
SPTEF is set within two bus cycles allowing a second 8-bit data value to be queued into the transmit buffer. After 
completion of the transfer of the value in the shift register, the queued value from the transmit buffer will 
automatically move to the shifter and SPTEF will be set to indicate there is room for new data in the transmit 
buffer. If no new data is waiting in the transmit buffer, SPTEF simply remains set and no data moves from the 
buffer to the shifter.
0 SPI transmit buffer not empty
1 SPI transmit buffer empty

4
MODF

Master Mode Fault Flag — MODF is set if the SPI is configured as a master and the slave select input goes low, 
indicating some other SPI device is also configured as a master. The SS pin acts as a mode fault error input only 
when MSTR = 1, MODFEN = 1, and SSOE = 0; otherwise, MODF will never be set. MODF is cleared by reading 
MODF while it is 1, then writing to SPI control register 1 (SPIC1).
0 No mode fault error
1 Mode fault error detected

 7 6 5 4 3 2 1 0

R
Bit 7 6 5 4 3 2 1 Bit 0

W

Reset 0 0 0 0 0 0 0 0

Figure 14-9. SPI Data Register (SPID)
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Timer/PWM Module (S08TPMV3) 
• Edge-aligned PWM mode

The value of a 16-bit modulo register plus 1 sets the period of the PWM output signal. The channel 
value register sets the duty cycle of the PWM output signal. The user may also choose the polarity 
of the PWM output signal. Interrupts are available at the end of the period and at the duty-cycle 
transition point. This type of PWM signal is called edge-aligned because the leading edges of all 
PWM signals are aligned with the beginning of the period, which is the same for all channels within 
a TPM.

• Center-aligned PWM mode

Twice the value of a 16-bit modulo register sets the period of the PWM output, and the 
channel-value register sets the half-duty-cycle duration. The timer counter counts up until it 
reaches the modulo value and then counts down until it reaches zero. As the count matches the 
channel value register while counting down, the PWM output becomes active. When the count 
matches the channel value register while counting up, the PWM output becomes inactive. This type 
of PWM signal is called center-aligned because the centers of the active duty cycle periods for all 
channels are aligned with a count value of zero. This type of PWM is required for types of motors 
used in small appliances.

This is a high-level description only. Detailed descriptions of operating modes are in later sections. 

15.3.4 Block Diagram

The TPM uses one input/output (I/O) pin per channel, TPMxCHn (timer channel n) where n is the channel 
number (1-8). The TPM shares its I/O pins with general purpose I/O port pins (refer to I/O pin descriptions 
in full-chip specification for the specific chip implementation).

Figure 15-2 shows the TPM structure. The central component of the TPM is the 16-bit counter that can 
operate as a free-running counter or a modulo up/down counter. The TPM counter (when operating in 
normal up-counting mode) provides the timing reference for the input capture, output compare, and 
edge-aligned PWM functions. The timer counter modulo registers, TPMxMODH:TPMxMODL, control 
the modulo value of the counter (the values 0x0000 or 0xFFFF effectively make the counter free running). 
Software can read the counter value at any time without affecting the counting sequence. Any write to 
either half of the TPMxCNT counter resets the counter, regardless of the data value written.
MC9S08AC60 Series Data Sheet, Rev. 3

Freescale Semiconductor 259
 



Timer/PWM Module (S08TPMV3) 
15.4.1.1 EXTCLK — External Clock Source

Control bits in the timer status and control register allow the user to select nothing (timer disable), the 
bus-rate clock (the normal default source), a crystal-related clock, or an external clock as the clock which 
drives the TPM prescaler and subsequently the 16-bit TPM counter. The external clock source is 
synchronized in the TPM. The bus clock clocks the synchronizer; the frequency of the external source must 
be no more than one-fourth the frequency of the bus-rate clock, to meet Nyquist criteria and allowing for 
jitter.

The external clock signal shares the same pin as a channel I/O pin, so the channel pin will not be usable 
for channel I/O function when selected as the external clock source. It is the user’s responsibility to avoid 
such settings. If this pin is used as an external clock source (CLKSB:CLKSA = 1:1), the channel can still 
be used in output compare mode as a software timer (ELSnB:ELSnA = 0:0). 

15.4.1.2 TPMxCHn — TPM Channel n I/O Pin(s)

Each TPM channel is associated with an I/O pin on the MCU. The function of this pin depends on the 
channel configuration. The TPM pins share with general purpose I/O pins, where each pin has a port data 
register bit, and a data direction control bit, and the port has optional passive pullups which may be enabled 
whenever a port pin is acting as an input.

The TPM channel does not control the I/O pin when (ELSnB:ELSnA = 0:0) or when (CLKSB:CLKSA = 
0:0) so it normally reverts to general purpose I/O control. When CPWMS = 1 (and ELSnB:ELSnA  0:0), 
all channels within the TPM are configured for center-aligned PWM and the TPMxCHn pins are all 
controlled by the TPM system. When CPWMS=0, the MSnB:MSnA control bits determine whether the 
channel is configured for input capture, output compare, or edge-aligned PWM.

When a channel is configured for input capture (CPWMS=0, MSnB:MSnA = 0:0 and ELSnB:ELSnA not 
= 0:0), the TPMxCHn pin is forced to act as an edge-sensitive input to the TPM. ELSnB:ELSnA control 
bits determine what polarity edge or edges will trigger input-capture events. A synchronizer based on the 
bus clock is used to synchronize input edges to the bus clock. This implies the minimum pulse width—that 
can be reliably detected—on an input capture pin is four bus clock periods (with ideal clock pulses as near 
as two bus clocks can be detected). TPM uses this pin as an input capture input to override the port data 
and data direction controls for the same pin. 

When a channel is configured for output compare (CPWMS=0, MSnB:MSnA = 0:1 and ELSnB:ELSnA 
not = 0:0), the associated data direction control is overridden, the TPMxCHn pin is considered an output 
controlled by the TPM, and the ELSnB:ELSnA control bits determine how the pin is controlled. The 
remaining three combinations of ELSnB:ELSnA determine whether the TPMxCHn pin is toggled, cleared, 
or set each time the 16-bit channel value register matches the timer counter. 

When the output compare toggle mode is initially selected, the previous value on the pin is driven out until 
the next output compare event—then the pin is toggled.
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Timer/PWM Module (S08TPMV3) 
15.5.2 TPM-Counter Registers (TPMxCNTH:TPMxCNTL)

The two read-only TPM counter registers contain the high and low bytes of the value in the TPM counter. 
Reading either byte (TPMxCNTH or TPMxCNTL) latches the contents of both bytes into a buffer where 
they remain latched until the other half is read. This allows coherent 16-bit reads in either big-endian or 
little-endian order which makes this more friendly to various compiler implementations. The coherency 
mechanism is automatically restarted by an MCU reset or any write to the timer status/control register 
(TPMxSC).

4–3
CLKS[B:A]

Clock source selects. As shown in Table 15-5, this 2-bit field is used to disable the TPM system or select one of 
three clock sources to drive the counter prescaler. The fixed system clock source is only meaningful in systems 
with a PLL-based or FLL-based system clock. When there is no PLL or FLL, the fixed-system clock source is the 
same as the bus rate clock. The external source is synchronized to the bus clock by TPM module, and the fixed 
system clock source (when a PLL or FLL is present) is synchronized to the bus clock by an on-chip 
synchronization circuit. When a PLL or FLL is present but not enabled, the fixed-system clock source is the same 
as the bus-rate clock.

2–0
PS[2:0]

Prescale factor select. This 3-bit field selects one of 8 division factors for the TPM clock input as shown in 
Table 15-6. This prescaler is located after any clock source synchronization or clock source selection so it affects 
the clock source selected to drive the TPM system. The new prescale factor will affect the clock source on the 
next system clock cycle after the new value is updated into the register bits.

Table 15-5. TPM-Clock-Source Selection

CLKSB:CLKSA TPM Clock Source to Prescaler Input

00 No clock selected (TPM counter disable)

01 Bus rate clock

10 Fixed system clock

11 External source

Table 15-6. Prescale Factor Selection

PS2:PS1:PS0 TPM Clock Source Divided-by

000 1

001 2

010 4

011 8

100 16

101 32

110 64

111 128

Table 15-4. TPMxSC Field Descriptions (continued)

Field Description
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Timer/PWM Module (S08TPMV3) 
In output compare mode, values are transferred to the corresponding timer channel registers only after both 
8-bit halves of a 16-bit register have been written and according to the value of CLKSB:CLKSA bits, so:

• If (CLKSB:CLKSA = 0:0), the registers are updated when the second byte is written

• If (CLKSB:CLKSA not = 0:0), the registers are updated at the next change of the TPM counter 
(end of the prescaler counting) after the second byte is written.

The coherency sequence can be manually reset by writing to the channel status/control register 
(TPMxCnSC).

An output compare event sets a flag bit (CHnF) which may optionally generate a CPU-interrupt request.

15.6.2.3 Edge-Aligned PWM Mode

This type of PWM output uses the normal up-counting mode of the timer counter (CPWMS=0) and can 
be used when other channels in the same TPM are configured for input capture or output compare 
functions. The period of this PWM signal is determined by the value of the modulus register 
(TPMxMODH:TPMxMODL) plus 1. The duty cycle is determined by the setting in the timer channel 
register (TPMxCnVH:TPMxCnVL). The polarity of this PWM signal is determined by the setting in the 
ELSnA control bit. 0% and 100% duty cycle cases are possible.

The output compare value in the TPM channel registers determines the pulse width (duty cycle) of the 
PWM signal (Figure 15-15). The time between the modulus overflow and the output compare is the pulse 
width. If ELSnA=0, the counter overflow forces the PWM signal high, and the output compare forces the 
PWM signal low. If ELSnA=1, the counter overflow forces the PWM signal low, and the output compare 
forces the PWM signal high.

Figure 15-15.  PWM Period and Pulse Width (ELSnA=0)

When the channel value register is set to 0x0000, the duty cycle is 0%. 100% duty cycle can be achieved 
by setting the timer-channel register (TPMxCnVH:TPMxCnVL) to a value greater than the modulus 
setting. This implies that the modulus setting must be less than 0xFFFF in order to get 100% duty cycle.

Because the TPM may be used in an 8-bit MCU, the settings in the timer channel registers are buffered to 
ensure coherent 16-bit updates and to avoid unexpected PWM pulse widths. Writes to any of the registers 
TPMxCnVH and TPMxCnVL, actually write to buffer registers. In edge-aligned PWM mode, values are 
transferred to the corresponding timer-channel registers according to the value of CLKSB:CLKSA bits, so:

• If (CLKSB:CLKSA = 0:0), the registers are updated when the second byte is written

• If (CLKSB:CLKSA not = 0:0), the registers are updated after the both bytes were written, and the 
TPM counter changes from (TPMxMODH:TPMxMODL - 1) to (TPMxMODH:TPMxMODL). If 
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Development Support 
16.1.1 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

Features of the ICE system include:

• Two trigger comparators: Two address + read/write (R/W) or one full address + data + R/W

• Flexible 8-word by 16-bit FIFO (first-in, first-out) buffer for capture information:

— Change-of-flow addresses or
— Event-only data

• Two types of breakpoints:

— Tag breakpoints for instruction opcodes
— Force breakpoints for any address access

• Nine trigger modes:

— Basic: A-only, A OR B
— Sequence: A then B
— Full: A AND B data, A AND NOT B data 
— Event (store data): Event-only B, A then event-only B
— Range: Inside range (A  address  B), outside range (address < A or address > B)

16.2 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.
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