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on.

Clarified PTA5 pullup behavior note; clarified that FCDIV is write once after reset; 
expanded FPROT/NVPROT register description added note for servicing the COP 
if the COP is enabled during an erase function; added requirements for using 
ACMP0 in ACMP introduction; added factory trim value section to ICS introduction; 
debug section added to Development Support chapter; updated RTI period and 
added RTI graph to control timing section; other minor grammar edits.
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Voltage row. 
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Corrected bit 0 of KBISC register in the Table 4-2.



Chapter 1 Device Overview
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Chapter 3 Modes of Operation
MTIM Off Off Standby

SCI Off Off Standby

SPI Off Off Standby

TPM Off Off Standby

Voltage Regulator Off Standby Standby

XOSC Off Off Optionally On3

I/O Pins Hi-Z States Held States Held

1 Requires the asynchronous ADC clock and LVD to be enabled, else in standby.
2 IRCLKEN and IREFSTEN set in ICSC1, else in standby.
3 ERCLKEN and EREFSTEN set in ICSC2, else in standby. For high frequency range (RANGE in 

ICSC2 set) requires the LVD to also be enabled in stop3.

Table 3-2. Stop Mode Behavior (continued)

Peripheral
Mode

Stop1 Stop2 Stop3
MC9S08QG8 and MC9S08QG4 Data Sheet, Rev. 5
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Chapter 4 Memory Map and Register Definition
Provided the key enable (KEYEN) bit is 1, the 8-byte comparison key can be used to temporarily 
disengage memory security. This key mechanism can be accessed only through user code running in secure 
memory. (A security key cannot be entered directly through background debug commands.) This security 
key can be disabled completely by programming the KEYEN bit to 0. If the security key is disabled, the 
only way to disengage security is by mass erasing the FLASH if needed (normally through the background 
debug interface) and verifying that FLASH is blank. To avoid returning to secure mode after the next reset, 
program the security bits (SEC01:SEC00) to the unsecured state (1:0). 

4.4 RAM
The MC9S08QG8/4 includes static RAM. The locations in RAM below 0x0100 can be accessed using the 
more efficient direct addressing mode, and any single bit in this area can be accessed with the bit 
manipulation instructions (BCLR, BSET, BRCLR, and BRSET). Locating the most frequently accessed 
program variables in this area of RAM is preferred.

The RAM retains data when the MCU is in low-power wait, stop2, or stop3 mode. At power-on or after 
wakeup from stop1, the contents of RAM are uninitialized. RAM data is unaffected by any reset provided 
that the supply voltage does not drop below the minimum value for RAM retention (VRAM).

For compatibility with M68HC05 MCUs, the HCS08 resets the stack pointer to 0x00FF. In the 
MC9S08QG8/4, it is usually best to reinitialize the stack pointer to the top of the RAM so the direct page 
RAM can be used for frequently accessed RAM variables and bit-addressable program variables. Include 
the following 2-instruction sequence in your reset initialization routine (where RamLast is equated to the 
highest address of the RAM in the Freescale Semiconductor-provided equate file).
             LDHX     #RamLast+1    ;point one past RAM
             TXS                    ;SP<-(H:X-1)

When security is enabled, the RAM is considered a secure memory resource and is not accessible through 
BDM or through code executing from non-secure memory. See Section 4.6, “Security,” for a detailed 
description of the security feature.

The RAM array is not automatically initialized out of reset.

Table 4-4. Nonvolatile Register Summary

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

0xFFAE Reserved for 
Storage of FTRIM

0 0 0 0 0 0 0 FTRIM 

0xFFAF Reserved for 
Storage of ICSTRM

TRIM 

0xFFB0 –
0xFFB7

NVBACKKEY
8-Byte Comparison Key

0xFFB8 –
0xFFBC

Unused —
—

—
—

—
—

—
—

—
—

—
—

—
—

—
—

0xFFBD NVPROT FPS FPDIS

0xFFBE Unused — — — — — — — —

0xFFBF NVOPT KEYEN FNORED 0 0 0 0 SEC01 SEC00
MC9S08QG8 and MC9S08QG4 Data Sheet, Rev. 5
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Chapter 4 Memory Map and Register Definition
4.5 FLASH 
The FLASH memory is intended primarily for program storage. In-circuit programming allows the 
operating program to be loaded into the FLASH memory after final assembly of the application product. 
It is possible to program the entire array through the single-wire background debug interface. Because no 
special voltages are needed for FLASH erase and programming operations, in-application programming 
is also possible through other software-controlled communication paths. For a more detailed discussion of 
in-circuit and in-application programming, refer to the HCS08 Family Reference Manual, Volume I, 
Freescale Semiconductor document order number HCS08RMv1/D.
MC9S08QG8 and MC9S08QG4 Data Sheet, Rev. 5
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Chapter 4 Memory Map and Register Definition
4.5.1 Features

Features of the FLASH memory include:
• FLASH size

— MC9S08QG8: 8,192 bytes (16 pages of 512 bytes each)
— MC9S08QG4: 4,096 bytes (8 pages of 512 bytes each)

• Single power supply program and erase
• Command interface for fast program and erase operation
• Up to 100,000 program/erase cycles at typical voltage and temperature
• Flexible block protection
• Security feature for FLASH and RAM
• Auto power-down for low-frequency read accesses

4.5.2 Program and Erase Times

Before any program or erase command can be accepted, the FLASH clock divider register (FCDIV) must 
be written to set the internal clock for the FLASH module to a frequency (fFCLK) between 150 kHz and 
200 kHz (see Section 4.7.1, “FLASH Clock Divider Register (FCDIV)”). This register can be written only 
once, so normally this write is done during reset initialization. FCDIV cannot be written if the access error 
flag, FACCERR in FSTAT, is set. The user must ensure that FACCERR is not set before writing to the 
FCDIV register. One period of the resulting clock (1/fFCLK) is used by the command processor to time 
program and erase pulses. An integer number of these timing pulses are used by the command processor 
to complete a program or erase command.

Table 4-5 shows program and erase times. The bus clock frequency and FCDIV determine the frequency 
of FCLK (fFCLK). The time for one cycle of FCLK is tFCLK = 1/fFCLK. The times are shown as a number 
of cycles of FCLK and as an absolute time for the case where tFCLK = 5 μs. Program and erase times 
shown include overhead for the command state machine and enabling and disabling of program and erase 
voltages.

NOTE
If the COP is enabled during an erase function, make sure the COP is 
serviced during the erase command execution.

Table 4-5. Program and Erase Times

Parameter Cycles of FCLK Time if FCLK = 200 kHz

Byte program 9 45 μs

Byte program (burst) 4 20 μs1

1 Excluding start/end overhead

Page erase 4000 20 ms

Mass erase 20,000 100 ms
MC9S08QG8 and MC9S08QG4 Data Sheet, Rev. 5
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Chapter 4 Memory Map and Register Definition
4.7.3 FLASH Configuration Register (FCNFG)

4.7.4 FLASH Protection Register (FPROT and NVPROT)

During reset, the contents of the nonvolatile location NVPROT are copied from FLASH into FPROT. This 
register can be read at any time. If FPDIS = 0, protection can be increased, i.e., a smaller value of FPS can 
be written. If FPDIS = 1, writes do not change protection.

Figure 4-8. FLASH Protection Register (FPROT)

Table 4-9. Security States1

1 SEC01:SEC00 changes to 1:0 after successful backdoor 
key entry or a successful blank check of FLASH.

SEC01:SEC00 Description

0:0 secure

0:1 secure

1:0 unsecured

1:1 secure

 7 6 5 4 3 2 1 0

R 0 0
KEYACC

0 0 0 0 0

W

Reset 0 0 0 0 0 0 0 0

= Unimplemented or Reserved

Figure 4-7. FLASH Configuration Register (FCNFG)

Table 4-10. FCNFG Register Field Descriptions

Field Description

5
KEYACC

Enable Writing of Access Key — This bit enables writing of the backdoor comparison key. For more detailed 
information about the backdoor key mechanism, refer to Section 4.6, “Security.”
0 Writes to 0xFFB0–0xFFB7 are interpreted as the start of a FLASH programming or erase command.
1 Writes to NVBACKKEY (0xFFB0–0xFFB7) are interpreted as comparison key writes.

 7 6 5 4 3 2 1 0

R
FPS(1)

1 Background commands can be used to change the contents of these bits in FPROT.

FPDIS(1)

W

Reset This register is loaded from nonvolatile location NVPROT during reset.
MC9S08QG8 and MC9S08QG4 Data Sheet, Rev. 5
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Chapter 7 Central Processor Unit (S08CPUV2)
7.3.5 Extended Addressing Mode (EXT)

In extended addressing mode, the full 16-bit address of the operand is located in the next two bytes of 
program memory after the opcode (high byte first).

7.3.6 Indexed Addressing Mode

Indexed addressing mode has seven variations including five that use the 16-bit H:X index register pair 
and two that use the stack pointer as the base reference.

7.3.6.1 Indexed, No Offset (IX)

This variation of indexed addressing uses the 16-bit value in the H:X index register pair as the address of 
the operand needed to complete the instruction.

7.3.6.2 Indexed, No Offset with Post Increment (IX+)

This variation of indexed addressing uses the 16-bit value in the H:X index register pair as the address of 
the operand needed to complete the instruction. The index register pair is then incremented 
(H:X = H:X + 0x0001) after the operand has been fetched. This addressing mode is only used for MOV 
and CBEQ instructions.

7.3.6.3 Indexed, 8-Bit Offset (IX1)

This variation of indexed addressing uses the 16-bit value in the H:X index register pair plus an unsigned 
8-bit offset included in the instruction as the address of the operand needed to complete the instruction.

7.3.6.4 Indexed, 8-Bit Offset with Post Increment (IX1+)

This variation of indexed addressing uses the 16-bit value in the H:X index register pair plus an unsigned 
8-bit offset included in the instruction as the address of the operand needed to complete the instruction. 
The index register pair is then incremented (H:X = H:X + 0x0001) after the operand has been fetched. This 
addressing mode is used only for the CBEQ instruction.

7.3.6.5 Indexed, 16-Bit Offset (IX2)

This variation of indexed addressing uses the 16-bit value in the H:X index register pair plus a 16-bit offset 
included in the instruction as the address of the operand needed to complete the instruction.

7.3.6.6 SP-Relative, 8-Bit Offset (SP1)

This variation of indexed addressing uses the 16-bit value in the stack pointer (SP) plus an unsigned 8-bit 
offset included in the instruction as the address of the operand needed to complete the instruction.
MC9S08QG8 and MC9S08QG4 Data Sheet, Rev. 5
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Analog-to-Digital Converter (S08ADC10V1)
9.2.1 Analog Power (VDDAD) 

The ADC analog portion uses VDDAD as its power connection. In some packages, VDDAD is connected 
internally to VDD. If externally available, connect the VDDAD pin to the same voltage potential as VDD. 
External filtering may be necessary to ensure clean VDDAD for good results.

9.2.2 Analog Ground (VSSAD) 

The ADC analog portion uses VSSAD as its ground connection. In some packages, VSSAD is connected 
internally to VSS. If externally available, connect the VSSAD pin to the same voltage potential as VSS.

9.2.3 Voltage Reference High (VREFH)

VREFH is the high reference voltage for the converter. In some packages, VREFH is connected internally to 
VDDAD. If externally available, VREFH may be connected to the same potential as VDDAD, or may be 
driven by an external source that is between the minimum VDDAD spec and the VDDAD potential (VREFH 
must never exceed VDDAD).

9.2.4 Voltage Reference Low (VREFL)

VREFL is the low reference voltage for the converter. In some packages, VREFL is connected internally to 
VSSAD. If externally available, connect the VREFL pin to the same voltage potential as VSSAD. 

9.2.5 Analog Channel Inputs (ADx)

The ADC module supports up to 28 separate analog inputs. An input is selected for conversion through 
the ADCH channel select bits. 

9.3 Register Definition

These memory mapped registers control and monitor operation of the ADC:

• Status and control register, ADCSC1
• Status and control register, ADCSC2
• Data result registers, ADCRH and ADCRL
• Compare value registers, ADCCVH and ADCCVL
• Configuration register, ADCCFG
• Pin enable registers, APCTL1, APCTL2, APCTL3

9.3.1 Status and Control Register 1 (ADCSC1)

This section describes the function of the ADC status and control register (ADCSC1). Writing ADCSC1 
aborts the current conversion and initiates a new conversion (if the ADCH bits are equal to a value other 
than all 1s).
MC9S08QG8 and MC9S08QG4 Data Sheet, Rev. 5
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Analog-to-Digital Converter (S08ADC10V1)
9.3.10 Pin Control 3 Register (APCTL3)

APCTL3 is used to control channels 16–23 of the ADC module.

1
ADPC9

ADC Pin Control 9 — ADPC9 is used to control the pin associated with channel AD9. 
0 AD9 pin I/O control enabled
1 AD9 pin I/O control disabled

0
ADPC8

ADC Pin Control 8 — ADPC8 is used to control the pin associated with channel AD8. 
0 AD8 pin I/O control enabled
1 AD8 pin I/O control disabled

7 6 5 4 3 2 1 0

R
ADPC23 ADPC22 ADPC21 ADPC20 ADPC19 ADPC18 ADPC17 ADPC16

W

Reset: 0 0 0 0 0 0 0 0

Figure 9-13.  Pin Control 3 Register (APCTL3)

Table 9-11. APCTL3 Register Field Descriptions

Field Description

7
ADPC23

ADC Pin Control 23 — ADPC23 is used to control the pin associated with channel AD23. 
0 AD23 pin I/O control enabled
1 AD23 pin I/O control disabled

6
ADPC22

ADC Pin Control 22 — ADPC22 is used to control the pin associated with channel AD22. 
0 AD22 pin I/O control enabled
1 AD22 pin I/O control disabled

5
ADPC21

ADC Pin Control 21 — ADPC21 is used to control the pin associated with channel AD21. 
0 AD21 pin I/O control enabled
1 AD21 pin I/O control disabled

4
ADPC20

ADC Pin Control 20 — ADPC20 is used to control the pin associated with channel AD20. 
0 AD20 pin I/O control enabled
1 AD20 pin I/O control disabled

3
ADPC19

ADC Pin Control 19 — ADPC19 is used to control the pin associated with channel AD19. 
0 AD19 pin I/O control enabled
1 AD19 pin I/O control disabled

2
ADPC18

ADC Pin Control 18 — ADPC18 is used to control the pin associated with channel AD18. 
0 AD18 pin I/O control enabled
1 AD18 pin I/O control disabled

Table 9-10. APCTL2 Register Field Descriptions (continued)

Field Description
MC9S08QG8 and MC9S08QG4 Data Sheet, Rev. 5
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Analog-to-Digital Converter (S08ADC10V1)
result of the conversion is transferred to ADCRH and ADCRL upon completion of the conversion 
algorithm.

If the bus frequency is less than the fADCK frequency, precise sample time for continuous conversions 
cannot be guaranteed when short sample is enabled (ADLSMP=0). If the bus frequency is less than 1/11th 
of the fADCK frequency, precise sample time for continuous conversions cannot be guaranteed when long 
sample is enabled (ADLSMP=1).

The maximum total conversion time for different conditions is summarized in Table 9-12.

The maximum total conversion time is determined by the clock source chosen and the divide ratio selected. 
The clock source is selectable by the ADICLK bits, and the divide ratio is specified by the ADIV bits. For 
example, in 10-bit mode, with the bus clock selected as the input clock source, the input clock divide-by-1 
ratio selected, and a bus frequency of 8 MHz, then the conversion time for a single conversion is: 

NOTE
The ADCK frequency must be between fADCK minimum and fADCK 
maximum to meet ADC specifications.

Table 9-12. Total Conversion Time vs. Control Conditions

Conversion Type ADICLK ADLSMP Max Total Conversion Time

Single or first continuous 8-bit 0x, 10 0 20 ADCK cycles + 5 bus clock cycles

Single or first continuous 10-bit 0x, 10 0 23 ADCK cycles + 5 bus clock cycles

Single or first continuous 8-bit 0x, 10 1 40 ADCK cycles + 5 bus clock cycles

Single or first continuous 10-bit 0x, 10 1 43 ADCK cycles + 5 bus clock cycles

Single or first continuous 8-bit 11 0 5 μs + 20 ADCK + 5 bus clock cycles

Single or first continuous 10-bit 11 0 5 μs + 23 ADCK + 5 bus clock cycles

Single or first continuous 8-bit 11 1 5 μs + 40 ADCK + 5 bus clock cycles

Single or first continuous 10-bit 11 1 5 μs + 43 ADCK + 5 bus clock cycles

Subsequent continuous 8-bit; 
fBUS > fADCK

xx 0 17 ADCK cycles

Subsequent continuous 10-bit; 
fBUS > fADCK

xx 0 20 ADCK cycles

Subsequent continuous 8-bit; 
fBUS > fADCK/11

xx 1 37 ADCK cycles

Subsequent continuous 10-bit; 
fBUS > fADCK/11

xx 1 40 ADCK cycles

23 ADCK cyc
Conversion time = 8 MHz/1

Number of bus cycles = 3.5 μs x 8 MHz = 28 cycles

5 bus cyc
8 MHz+ = 3.5 μs
MC9S08QG8 and MC9S08QG4 Data Sheet, Rev. 5
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Modulo Timer (S08MTIMV1)
13.1.2 Features

Timer system features include:
• 8-bit up-counter

— Free-running or 8-bit modulo limit
— Software controllable interrupt on overflow
— Counter reset bit (TRST)
— Counter stop bit (TSTP)

• Four software selectable clock sources for input to prescaler:
— System bus clock — rising edge
— Fixed frequency clock (XCLK) — rising edge
— External clock source on the TCLK pin — rising edge
— External clock source on the TCLK pin — falling edge

• Nine selectable clock prescale values:
— Clock source divide by 1, 2, 4, 8, 16, 32, 64, 128, or 256

13.1.3 Modes of Operation

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

13.1.3.1 MTIM in Wait Mode

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

13.1.3.2 MTIM in Stop Modes

The MTIM is disabled in all stop modes, regardless of the settings before executing the STOP instruction. 
Therefore, the MTIM cannot be used as a wake up source from stop modes.

Waking from stop1 and stop2 modes, the MTIM will be put into its reset state. If stop3 is exited with a 
reset, the MTIM will be put into its reset state. If stop3 is exited with an interrupt, the MTIM continues 
from the state it was in when stop3 was entered. If the counter was active upon entering stop3, the count 
will resume from the current value.

13.1.3.3 MTIM in Active Background Mode

The MTIM suspends all counting until the microcontroller returns to normal user operating mode. 
Counting resumes from the suspended value as long as an MTIM reset did not occur (TRST written to a 1 
or MTIMMOD written).
MC9S08QG8 and MC9S08QG4 Data Sheet, Rev. 5
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Serial Communications Interface (S08SCIV3) 
masked by local interrupt enable masks. The flags can still be polled by software when the local masks are 
cleared to disable generation of hardware interrupt requests.

The SCI transmitter has two status flags that optionally can generate hardware interrupt requests. Transmit 
data register empty (TDRE) indicates when there is room in the transmit data buffer to write another 
transmit character to SCID. If the transmit interrupt enable (TIE) bit is set, a hardware interrupt will be 
requested whenever TDRE = 1. Transmit complete (TC) indicates that the transmitter is finished 
transmitting all data, preamble, and break characters and is idle with TxD1 high. This flag is often used in 
systems with modems to determine when it is safe to turn off the modem. If the transmit complete interrupt 
enable (TCIE) bit is set, a hardware interrupt will be requested whenever TC = 1. Instead of hardware 
interrupts, software polling may be used to monitor the TDRE and TC status flags if the corresponding 
TIE or TCIE local interrupt masks are 0s.

When a program detects that the receive data register is full (RDRF = 1), it gets the data from the receive 
data register by reading SCID. The RDRF flag is cleared by reading SCIS1 while RDRF = 1 and then 
reading SCID.

When polling is used, this sequence is naturally satisfied in the normal course of the user program. If 
hardware interrupts are used, SCIS1 must be read in the interrupt service routine (ISR). Normally, this is 
done in the ISR anyway to check for receive errors, so the sequence is automatically satisfied.

The IDLE status flag includes logic that prevents it from getting set repeatedly when the RxD1 line 
remains idle for an extended period of time. IDLE is cleared by reading SCIS1 while IDLE = 1 and then 
reading SCID. After IDLE has been cleared, it cannot become set again until the receiver has received at 
least one new character and has set RDRF.

If the associated error was detected in the received character that caused RDRF to be set, the error flags 
— noise flag (NF), framing error (FE), and parity error flag (PF) — get set at the same time as RDRF. 
These flags are not set in overrun cases.

If RDRF was already set when a new character is ready to be transferred from the receive shifter to the 
receive data buffer, the overrun (OR) flag gets set instead and the data and any associated NF, FE, or PF 
condition is lost.

14.4 Additional SCI Functions
The following sections describe additional SCI functions.

14.4.1 8- and 9-Bit Data Modes

The SCI system (transmitter and receiver) can be configured to operate in 9-bit data mode by setting the 
M control bit in SCIC1. In 9-bit mode, there is a ninth data bit to the left of the MSB of the SCI data 
register. For the transmit data buffer, this bit is stored in T8 in SCIC3. For the receiver, the ninth bit is held 
in R8 in SCIC3.

For coherent writes to the transmit data buffer, write to the T8 bit before writing to SCID.
MC9S08QG8 and MC9S08QG4 Data Sheet, Rev. 5
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Serial Peripheral Interface (S08SPIV3)
15.3 Modes of Operation

15.3.1 SPI in Stop Modes

The SPI is disabled in all stop modes, regardless of the settings before executing the STOP instruction. 
During either stop1 or stop2 mode, the SPI module will be fully powered down. Upon wake-up from stop1 
or stop2 mode, the SPI module will be in the reset state. During stop3 mode, clocks to the SPI module are 
halted. No registers are affected. If stop3 is exited with a reset, the SPI will be put into its reset state. If 
stop3 is exited with an interrupt, the SPI continues from the state it was in when stop3 was entered.

15.4 Register Definition
The SPI has five 8-bit registers to select SPI options, control baud rate, report SPI status, and for 
transmit/receive data. 

Refer to the direct-page register summary in the Memory chapter of this data sheet for the absolute address 
assignments for all SPI registers. This section refers to registers and control bits only by their names, and 
a Freescale-provided equate or header file is used to translate these names into the appropriate absolute 
addresses.

15.4.1 SPI Control Register 1 (SPIC1)

This read/write register includes the SPI enable control, interrupt enables, and configuration options.

 7 6 5 4 3 2 1 0

R
SPIE SPE SPTIE MSTR CPOL CPHA SSOE LSBFE

W

Reset 0 0 0 0 0 1 0 0

Figure 15-5. SPI Control Register 1 (SPIC1)

Table 15-1. SPIC1 Field Descriptions

Field Description

7
SPIE

SPI Interrupt Enable (for SPRF and MODF) — This is the interrupt enable for SPI receive buffer full (SPRF) 
and mode fault (MODF) events.
0 Interrupts from SPRF and MODF inhibited (use polling)
1 When SPRF or MODF is 1, request a hardware interrupt

6
SPE

SPI System Enable — Disabling the SPI halts any transfer that is in progress, clears data buffers, and initializes 
internal state machines. SPRF is cleared and SPTEF is set to indicate the SPI transmit data buffer is empty.
0 SPI system inactive
1 SPI system enabled

5
SPTIE

SPI Transmit Interrupt Enable — This is the interrupt enable bit for SPI transmit buffer empty (SPTEF).
0 Interrupts from SPTEF inhibited (use polling)
1 When SPTEF is 1, hardware interrupt requested
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Serial Peripheral Interface (S08SPIV3) 
in LSBFE. Both variations of SPSCK polarity are shown, but only one of these waveforms applies for a 
specific transfer, depending on the value in CPOL. The SAMPLE IN waveform applies to the MOSI input 
of a slave or the MISO input of a master. The MOSI waveform applies to the MOSI output pin from a 
master and the MISO waveform applies to the MISO output from a slave. The SS OUT waveform applies 
to the slave select output from a master (provided MODFEN and SSOE = 1). The master SS output goes 
to active low at the start of the first bit time of the transfer and goes back high one-half SPSCK cycle after 
the end of the eighth bit time of the transfer. The SS IN waveform applies to the slave select input of a 
slave.

Figure 15-11. SPI Clock Formats (CPHA = 0)

When CPHA = 0, the slave begins to drive its MISO output with the first data bit value (MSB or LSB 
depending on LSBFE) when SS goes to active low. The first SPSCK edge causes both the master and the 
slave to sample the data bit values on their MISO and MOSI inputs, respectively. At the second SPSCK 
edge, the SPI shifter shifts one bit position which shifts in the bit value that was just sampled and shifts the 
second data bit value out the other end of the shifter to the MOSI and MISO outputs of the master and 
slave, respectively. When CPHA = 0, the slave’s SS input must go to its inactive high level between 
transfers.
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Timer/Pulse-Width Modulator (S08TPMV2)
16.4.2.2 Output Compare Mode

With the output compare function, the TPM can generate timed pulses with programmable position, 
polarity, duration, and frequency. When the counter reaches the value in the channel value registers of an 
output compare channel, the TPM can set, clear, or toggle the channel pin.

In output compare mode, values are transferred to the corresponding timer channel value registers only 
after both 8-bit bytes of a 16-bit register have been written. This coherency sequence can be manually reset 
by writing to the channel status/control register (TPMCnSC).

An output compare event sets a flag bit (CHnF) that can optionally generate a CPU interrupt request.

16.4.2.3 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 setting in the modulus register 
(TPMMODH:TPMMODL). The duty cycle is determined by the setting in the timer channel value register 
(TPMCnVH:TPMCnVL). The polarity of this PWM signal is determined by the setting in the ELSnA 
control bit. Duty cycle cases of 0 percent and 100 percent are possible.

As Figure 16-11 shows, the output compare value in the TPM channel registers determines the pulse width 
(duty cycle) of the PWM signal. 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 16-11. PWM Period and Pulse Width (ELSnA = 0)

When the channel value register is set to 0x0000, the duty cycle is 0 percent. By setting the timer channel 
value register (TPMCnVH:TPMCnVL) to a value greater than the modulus setting, 100% duty cycle can 
be achieved. This implies that the modulus setting must be less than 0xFFFF to get 100% duty cycle.

Because the HCS08 is a family of 8-bit MCUs, the settings in the timer channel registers are buffered to 
ensure coherent 16-bit updates and to avoid unexpected PWM pulse widths. Writes to either register, 
TPMCnVH or TPMCnVL, write to buffer registers. In edge-PWM mode, values are transferred to the 
corresponding timer channel registers only after both 8-bit bytes of a 16-bit register have been written and 
the value in the TPMCNTH:TPMCNTL counter is 0x0000. (The new duty cycle does not take effect until 
the next full period.)
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Development Support 
Table 17-1. BDC Command Summary

Command
Mnemonic

Active BDM/
Non-intrusive

Coding
Structure

Description

SYNC Non-intrusive n/a1

1 The SYNC command is a special operation that does not have a command code.

Request a timed reference pulse to determine 
target BDC communication speed

ACK_ENABLE Non-intrusive D5/d
Enable acknowledge protocol. Refer to 
Freescale document order no. HCS08RMv1/D.

ACK_DISABLE Non-intrusive D6/d
Disable acknowledge protocol. Refer to 
Freescale document order no. HCS08RMv1/D.

BACKGROUND Non-intrusive 90/d
Enter active background mode if enabled 
(ignore if ENBDM bit equals 0)

READ_STATUS Non-intrusive E4/SS Read BDC status from BDCSCR 

WRITE_CONTROL Non-intrusive C4/CC Write BDC controls in BDCSCR 

READ_BYTE Non-intrusive E0/AAAA/d/RD Read a byte from target memory

READ_BYTE_WS Non-intrusive E1/AAAA/d/SS/RD Read a byte and report status

READ_LAST Non-intrusive E8/SS/RD
Re-read byte from address just read and report 
status

WRITE_BYTE Non-intrusive C0/AAAA/WD/d Write a byte to target memory

WRITE_BYTE_WS Non-intrusive C1/AAAA/WD/d/SS Write a byte and report status

READ_BKPT Non-intrusive E2/RBKP Read BDCBKPT breakpoint register

WRITE_BKPT Non-intrusive C2/WBKP Write BDCBKPT breakpoint register

GO Active BDM 08/d
Go to execute the user application program 
starting at the address currently in the PC

TRACE1 Active BDM 10/d
Trace 1 user instruction at the address in the 
PC, then return to active background mode

TAGGO Active BDM 18/d
Same as GO but enable external tagging 
(HCS08 devices have no external tagging pin)

READ_A Active BDM 68/d/RD Read accumulator (A)

READ_CCR Active BDM 69/d/RD Read condition code register (CCR)

READ_PC Active BDM 6B/d/RD16 Read program counter (PC)

READ_HX Active BDM 6C/d/RD16 Read H and X register pair (H:X) 

READ_SP Active BDM 6F/d/RD16 Read stack pointer (SP)

READ_NEXT Active BDM 70/d/RD
Increment H:X by one then read memory byte 
located at H:X

READ_NEXT_WS Active BDM 71/d/SS/RD
Increment H:X by one then read memory byte 
located at H:X. Report status and data.

WRITE_A Active BDM 48/WD/d Write accumulator (A)

WRITE_CCR Active BDM 49/WD/d Write condition code register (CCR)

WRITE_PC Active BDM 4B/WD16/d Write program counter (PC)

WRITE_HX Active BDM 4C/WD16/d Write H and X register pair (H:X)

WRITE_SP Active BDM 4F/WD16/d Write stack pointer (SP)

WRITE_NEXT Active BDM 50/WD/d
Increment H:X by one, then write memory byte 
located at H:X

WRITE_NEXT_WS Active BDM 51/WD/d/SS
Increment H:X by one, then write memory byte 
located at H:X. Also report status.
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Appendix A Electrical Characteristics
Figure A-13. SPI Master Timing (CPHA = 0)

Figure A-14. SPI Master Timing (CPHA =1)
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