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Chapter 1 Device Overview
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Chapter 3 Modes of Operation
3.6 Stop Modes
One of three stop modes is entered upon execution of a STOP instruction when STOPE in SOPT1 is set. 
In any stop mode, the bus and CPU clocks are halted. The ICS module can be configured to leave the 
reference clocks running. See Chapter 10, “Internal Clock Source (S08ICSV1),” for more information.

Table 3-1 shows all of the control bits that affect stop mode selection and the mode selected under various 
conditions. The selected mode is entered following the execution of a STOP instruction.

3.6.1 Stop3 Mode

Stop3 mode is entered by executing a STOP instruction under the conditions as shown in Table 3-1. The 
states of all of the internal registers and logic, RAM contents, and I/O pin states are maintained.

Stop3 can be exited by asserting RESET, or by an interrupt from one of the following sources: the real-time 
interrupt (RTI), LVD, ADC, IRQ, or the KBI.

If stop3 is exited by means of the RESET pin, then the MCU is reset and operation will resume after taking 
the reset vector. Exit by means of one of the internal interrupt sources results in the MCU taking the 
appropriate interrupt vector.

3.6.1.1 LVD Enabled in Stop Mode

The LVD system is capable of generating either an interrupt or a reset when the supply voltage drops below 
the LVD voltage. If the LVD is enabled in stop (LVDE and LVDSE bits in SPMSC1 both set) at the time 
the CPU executes a STOP instruction, then the voltage regulator remains active during stop mode. 

For the ADC to operate the LVD must be left enabled when entering stop3.

3.6.1.2 Active BDM Enabled in Stop Mode

Entry into the active background mode from run mode is enabled if ENBDM in BDCSCR is set. This 
register is described in Chapter 17, “Development Support.” If ENBDM is set when the CPU executes a 

Table 3-1. Stop Mode Selection

STOPE ENBDM 1

1 ENBDM is located in the BDCSCR which is only accessible through BDC commands; see Section 17.4.1.1, “BDC 
Status and Control Register (BDCSCR)”.

LVDE LVDSE PDC PPDC Stop Mode

0 x x x x Stop modes disabled; illegal opcode reset if STOP 
instruction executed

1 1 x x x Stop3 with BDM enabled 2

2 When in Stop3 mode with BDM enabled, the SIDD will be near RIDD levels because internal clocks are enabled.

1 0 Both bits must be 1 x x Stop3 with voltage regulator active

1 0 Either bit a 0 0 x Stop3

1 0 Either bit a 0 1 1 Stop2

1 0 Either bit a 0 1 0 Stop1
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Chapter 5  
Resets, Interrupts, and General System Control

5.1 Introduction
This section discusses basic reset and interrupt mechanisms and the various sources of reset and interrupts 
in the MC9S08QG8/4. Some interrupt sources from peripheral modules are discussed in greater detail 
within other sections of this data sheet. This section gathers basic information about all reset and interrupt 
sources in one place for easy reference. A few reset and interrupt sources, including the computer 
operating properly (COP) watchdog and real-time interrupt (RTI), are not part of on-chip peripheral 
systems with their own chapters but are part of the system control logic.

5.2 Features
Reset and interrupt features include:

• Multiple sources of reset for flexible system configuration and reliable operation
• Reset status register (SRS) to indicate source of most recent reset
• Separate interrupt vectors for each module (reduces polling overhead) (see Table 5-2)

5.3 MCU Reset
Resetting the MCU provides a way to start processing from a known set of initial conditions. During reset, 
most control and status registers are forced to initial values and the program counter is loaded from the 
reset vector (0xFFFE:0xFFFF). On-chip peripheral modules are disabled and I/O pins are initially 
configured as general-purpose, high-impedance inputs with pullup devices disabled. The I bit in the 
condition code register (CCR) is set to block maskable interrupts so the user program has a chance to 
initialize the stack pointer (SP) and system control settings. SP is forced to 0x00FF at reset.

The MC9S08QG8/4 has the following sources for reset:
• External pin reset (PIN) — enabled using RSTPE in SOPT1
• Power-on reset (POR)
• Low-voltage detect (LVD)
• Computer operating properly (COP) timer
• Illegal opcode detect (ILOP)
• Illegal address detect (ILAD)
• Background debug force reset

Each of these sources, with the exception of the background debug force reset, has an associated bit in the 
system reset status register.
MC9S08QG8 and MC9S08QG4 Data Sheet, Rev. 5
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Chapter 6 Parallel Input/Output Control
6.4.4 Port B Control Registers

The pins associated with port B are controlled by the registers in this section. These registers control the 
pin pullup, slew rate, and drive strength of the port B pins independent of the parallel I/O register.

6.4.4.1 Port B Internal Pullup Enable (PTBPE)

An internal pullup device can be enabled for each port pin by setting the corresponding bit in the pullup 
enable register (PTBPEn). The pullup device is disabled if the pin is configured as an output by the parallel 
I/O control logic or any shared peripheral function regardless of the state of the corresponding pullup 
enable register bit. The pullup device is also disabled if the pin is controlled by an analog function.

6.4.4.2 Port B Slew Rate Enable (PTBSE)

Slew rate control can be enabled for each port pin by setting the corresponding bit in the slew rate control 
register (PTBSEn). When enabled, slew control limits the rate at which an output can transition in order to 
reduce EMC emissions. Slew rate control has no effect on pins which are configured as input.

 7 6 5 4 3 2 1 0

R
PTBPE7 PTBPE6 PTBPE5 PTBPE4 PTBPE3 PTBPE2 PTBPE1 PTBPE0

W

Reset: 0 0 0 0 0 0 0 0

Figure 6-12. Internal Pullup Enable for Port B Register (PTBPE)

Table 6-8. PTBPE Register Field Descriptions

Field Description

7:0
PTBPE[7:0]

Internal Pullup Enable for Port B Bits — Each of these control bits determines if the internal pullup device is 
enabled for the associated PTB pin. For port B pins that are configured as outputs, these bits have no effect and 
the internal pullup devices are disabled.
0 Internal pullup device disabled for port B bit n.
1 Internal pullup device enabled for port B bit n.

 7 6 5 4 3 2 1 0

R
PTBSE7 PTBSE6 PTBSE5 PTBSE4 PTBSE3 PTBSE2 PTBSE1 PTBSE0

W

Reset: 1 1 1 1 1 1 1 1

Figure 6-14. Slew Rate Enable for Port B Register (PTBSE)

Table 6-9. PTBSE Register Field Descriptions

Field Description

7:0
PTBSE[7:0]

Output Slew Rate Enable for Port B Bits — Each of these control bits determines if the output slew rate control 
is enabled for the associated PTB pin. For port B pins that are configured as inputs, these bits have no effect.
0 Output slew rate control disabled for port B bit n.
1 Output slew rate control enabled for port B bit n.
MC9S08QG8 and MC9S08QG4 Data Sheet, Rev. 5

84 Freescale Semiconductor
 



Chapter 7 Central Processor Unit (S08CPUV2)
7.2 Programmer’s Model and CPU Registers
Figure 7-1 shows the five CPU registers. CPU registers are not part of the memory map.

Figure 7-1. CPU Registers

7.2.1 Accumulator (A)

The A accumulator is a general-purpose 8-bit register. One operand input to the arithmetic logic unit 
(ALU) is connected to the accumulator and the ALU results are often stored into the A accumulator after 
arithmetic and logical operations. The accumulator can be loaded from memory using various addressing 
modes to specify the address where the loaded data comes from, or the contents of A can be stored to 
memory using various addressing modes to specify the address where data from A will be stored.

Reset has no effect on the contents of the A accumulator.

7.2.2 Index Register (H:X)

This 16-bit register is actually two separate 8-bit registers (H and X), which often work together as a 16-bit 
address pointer where H holds the upper byte of an address and X holds the lower byte of the address. All 
indexed addressing mode instructions use the full 16-bit value in H:X as an index reference pointer; 
however, for compatibility with the earlier M68HC05 Family, some instructions operate only on the 
low-order 8-bit half (X). 

Many instructions treat X as a second general-purpose 8-bit register that can be used to hold 8-bit data 
values. X can be cleared, incremented, decremented, complemented, negated, shifted, or rotated. Transfer 
instructions allow data to be transferred from A or transferred to A where arithmetic and logical operations 
can then be performed. 

For compatibility with the earlier M68HC05 Family, H is forced to 0x00 during reset. Reset has no effect 
on the contents of X.

SP

PC

CONDITION CODE REGISTER

CARRY
ZERO 
NEGATIVE 
INTERRUPT MASK
HALF-CARRY (FROM BIT 3)
TWO’S COMPLEMENT OVERFLOW

H X

0

0

0

7

15

15

7 0

ACCUMULATOR  A

INDEX REGISTER (LOW)INDEX REGISTER (HIGH)

STACK POINTER

8 7

PROGRAM COUNTER

16-BIT INDEX REGISTER H:X

CCRCV 1 1 H I N Z
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Chapter 7 Central Processor Unit (S08CPUV2)
INC  opr8a
INCA
INCX
INC  oprx8,X
INC  ,X
INC  oprx8,SP

Increment M ← (M) + $01
A ← (A) + $01
X ← (X) + $01
M ← (M) + $01
M ← (M) + $01
M ← (M) + $01

DIR
INH
INH
IX1
IX
SP1

3C
4C
5C
6C
7C

9E 6C

dd

ff

ff

5
1
1
5
4
6

rfwpp
p
p
rfwpp
rfwp
prfwpp

¦ – –  ¦  ¦  –

JMP  opr8a
JMP  opr16a
JMP  oprx16,X
JMP  oprx8,X
JMP  ,X

Jump
PC ← Jump Address

DIR
EXT
IX2
IX1
IX

BC
CC
DC
EC
FC

dd
hh ll
ee ff
ff

3
4
4
3
3

ppp
pppp
pppp
ppp
ppp

– – –  –  –  –

JSR  opr8a
JSR  opr16a
JSR  oprx16,X
JSR  oprx8,X
JSR  ,X

Jump to Subroutine
PC ← (PC) + n  (n = 1, 2, or 3)
Push  (PCL);  SP ← (SP) – $0001
Push  (PCH);  SP ← (SP) – $0001
PC ← Unconditional Address

DIR
EXT
IX2
IX1
IX

BD
CD
DD
ED
FD

dd
hh ll
ee ff
ff

5
6
6
5
5

ssppp
pssppp
pssppp
ssppp
ssppp

– – –  –  –  –

LDA  #opr8i
LDA  opr8a
LDA  opr16a
LDA  oprx16,X
LDA  oprx8,X
LDA   ,X
LDA  oprx16,SP
LDA oprx8,SP

Load Accumulator from Memory
A ← (M)

IMM
DIR
EXT
IX2
IX1
IX
SP2
SP1

A6
B6
C6
D6
E6
F6

9E D6
9E E6

ii
dd
hh ll
ee ff
ff

ee ff
ff

2
3
4
4
3
3
5
4

pp
rpp
prpp
prpp
rpp
rfp
pprpp
prpp

0 – – ¦  ¦ –

LDHX  #opr16i
LDHX  opr8a
LDHX  opr16a
LDHX   ,X
LDHX  oprx16,X
LDHX  oprx8,X
LDHX oprx8,SP

Load Index Register (H:X) 
H:X ← (M:M + $0001)

IMM
DIR
EXT
IX
IX2
IX1
SP1

45
55
32

9E AE
9E BE
9E CE
9E FE

jj kk
dd
hh ll

ee ff
ff
ff

3
4
5
5
6
5
5

ppp
rrpp
prrpp
prrfp
pprrpp
prrpp
prrpp

0 – – ¦  ¦ –

LDX  #opr8i
LDX  opr8a
LDX  opr16a
LDX  oprx16,X
LDX  oprx8,X
LDX   ,X
LDX  oprx16,SP
LDX oprx8,SP

Load X (Index Register Low) from Memory
X ← (M)

IMM
DIR
EXT
IX2
IX1
IX
SP2
SP1

AE
BE
CE
DE
EE
FE

9E DE
9E EE

ii
dd
hh ll
ee ff
ff

ee ff
ff

2
3
4
4
3
3
5
4

pp
rpp
prpp
prpp
rpp
rfp
pprpp
prpp

0 – – ¦  ¦ –

LSL  opr8a
LSLA
LSLX
LSL  oprx8,X
LSL  ,X
LSL  oprx8,SP

Logical Shift Left

(Same as ASL)

DIR
INH
INH
IX1
IX
SP1

38
48
58
68
78

9E 68

dd

ff

ff

5
1
1
5
4
6

rfwpp
p
p
rfwpp
rfwp
prfwpp

¦ – – ¦ ¦  ¦

LSR  opr8a
LSRA
LSRX
LSR  oprx8,X
LSR  ,X
LSR  oprx8,SP

Logical Shift Right
DIR
INH
INH
IX1
IX
SP1

34
44
54
64
74

9E 64

dd

ff

ff

5
1
1
5
4
6

rfwpp
p
p
rfwpp
rfwp
prfwpp

¦ – –  0 ¦  ¦

Table 7-2. . Instruction Set Summary (Sheet 5 of 9)

Source
Form Operation

A
d

d
re

ss
M

o
d

e

Object Code

C
yc

le
s

Cyc-by-Cyc 
Details

Affect
on CCR

VH I N Z C

C

b0b7

0

b0b7

C0
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Analog-to-Digital Converter (S08ADC10V1) 
 

7 6 5 4 3 2 1 0

R
ADLPC ADIV ADLSMP MODE ADICLK

W

Reset: 0 0 0 0 0 0 0 0

Figure 9-10. Configuration Register (ADCCFG)

Table 9-5. ADCCFG Register Field Descriptions

Field Description

7
ADLPC

Low Power Configuration — ADLPC controls the speed and power configuration of the successive 
approximation converter. This is used to optimize power consumption when higher sample rates are not required.
0 High speed configuration
1 Low power configuration: {FC31}The power is reduced at the expense of maximum clock speed.

6:5
ADIV

Clock Divide Select — ADIV select the divide ratio used by the ADC to generate the internal clock ADCK. 
Table 9-6 shows the available clock configurations.

4
ADLSMP

Long Sample Time Configuration — ADLSMP selects between long and short sample time. This adjusts the 
sample period to allow higher impedance inputs to be accurately sampled or to maximize conversion speed for 
lower impedance inputs. Longer sample times can also be used to lower overall power consumption when 
continuous conversions are enabled if high conversion rates are not required.
0 Short sample time
1 Long sample time

3:2
MODE

Conversion Mode Selection — MODE bits are used to select between 10- or 8-bit operation. See Table 9-7.

1:0
ADICLK

Input Clock Select — ADICLK bits select the input clock source to generate the internal clock ADCK. See 
Table 9-8.

Table 9-6. Clock Divide Select

ADIV Divide Ratio  Clock Rate

00 1  Input clock

01 2  Input clock ÷ 2

10 4  Input clock ÷ 4

11 8  Input clock ÷ 8

Table 9-7. Conversion Modes

MODE Mode Description

00 8-bit conversion (N=8)

01 Reserved

10 10-bit conversion (N=10)

11 Reserved
MC9S08QG8 and MC9S08QG4 Data Sheet, Rev. 5
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Inter-Integrated Circuit (S08IICV1)
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

11.1.3 Modes of Operation

The IIC functions the same in normal and monitor modes. 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 will continue 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 will reset the register contents.
MC9S08QG8 and MC9S08QG4 Data Sheet, Rev. 5
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Inter-Integrated Circuit (S08IICV1) 
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Keyboard Interrupts (S08KBIV2)
12.1.1 Features

The KBI features include:
• Up to eight keyboard interrupt pins with individual pin enable bits.
• Each keyboard interrupt pin is programmable as falling edge (or rising edge) only, or both falling 

edge and low level (or both rising edge and high level) interrupt sensitivity.
• One software enabled keyboard interrupt.
• Exit from low-power modes.

12.1.2 Modes of Operation

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

12.1.2.1 KBI in Wait Mode

The KBI continues to operate in wait mode if enabled before executing the WAIT instruction. Therefore, 
an enabled KBI pin (KBPEx = 1) can be used to bring the MCU out of wait mode if the KBI interrupt is 
enabled (KBIE = 1).

12.1.2.2 KBI in Stop Modes

The KBI operates asynchronously in stop3 mode if enabled before executing the STOP instruction. 
Therefore, an enabled KBI pin (KBPEx = 1) can be used to bring the MCU out of stop3 mode if the KBI 
interrupt is enabled (KBIE = 1).

During either stop1 or stop2 mode, the KBI is disabled. In some systems, the pins associated with the KBI 
may be sources of wakeup from stop1 or stop2, see the stop modes section in the Modes of Operation 
chapter. Upon wake-up from stop1 or stop2 mode, the KBI module will be in the reset state.

12.1.2.3 KBI in Active Background Mode

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

12.1.3 Block Diagram

The block diagram for the keyboard interrupt module is shown Figure 12-2.
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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Timer/Pulse-Width Modulator (S08TPMV2)
All TPM channels are programmable independently as input capture, output compare, or buffered 
edge-aligned PWM channels.

16.2 External Signal Description
When any pin associated with the timer is configured as a timer input, a passive pullup can be enabled. 
After reset, the TPM modules are disabled and all pins default to general-purpose inputs with the passive 
pullups disabled.

16.2.1 External TPM Clock Sources

When control bits CLKSB:CLKSA in the timer status and control register are set to 1:1, the prescaler and 
consequently the 16-bit counter for TPM are driven by an external clock source, TPMxCLK, connected to 
an I/O pin. A synchronizer is needed between the external clock and the rest of the TPM. This synchronizer 
is clocked by the bus clock so the frequency of the external source must be less than one-half the frequency 
of the bus rate clock. The upper frequency limit for this external clock source is specified to be one-fourth 
the bus frequency to conservatively accommodate duty cycle and phase-locked loop (PLL) or 
frequency-locked loop (FLL) frequency jitter effects.

On some devices the external clock input is shared with one of the TPM channels. When a TPM channel 
is shared as the external clock input, the associated TPM channel cannot use the pin. (The channel can still 
be used in output compare mode as a software timer.) Also, if one of the TPM channels is used as the 
external clock input, the corresponding ELSnB:ELSnA control bits must be set to 0:0 so the channel is not 
trying to use the same pin.

16.2.2 TPMCHn — TPM Channel n I/O Pins

Each TPM channel is associated with an I/O pin on the MCU. The function of this pin depends on the 
configuration of the channel. In some cases, no pin function is needed so the pin reverts to being controlled 
by general-purpose I/O controls. When a timer has control of a port pin, the port data and data direction 
registers do not affect the related pin(s). See the Pins and Connections chapter for additional information 
about shared pin functions.

16.3 Register Definition
The TPM includes:

• An 8-bit status and control register (TPMSC)
• A 16-bit counter (TPMCNTH:TPMCNTL)
• A 16-bit modulo register (TPMMODH:TPMMODL)

Each timer channel has:
• An 8-bit status and control register (TPMCnSC)
• A 16-bit channel value register (TPMCnVH:TPMCnVL)

Refer to the direct-page register summary in the Memory chapter of this data sheet for the absolute address 
assignments for all TPM registers. This section refers to registers and control bits only by their names. A 
MC9S08QG8 and MC9S08QG4 Data Sheet, Rev. 5
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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
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.

Figure 17-1. BDM Tool Connector

17.2.1 BKGD Pin Description

BKGD is the single-wire background debug interface pin. The primary function of this pin is for 
bidirectional serial communication of active background mode commands and data. During reset, this pin 
is used to select between starting in active background mode or starting the user’s application program. 
This pin is also used to request a timed sync response pulse to allow a host development tool to determine 
the correct clock frequency for background debug serial communications.

BDC serial communications use a custom serial protocol first introduced on the M68HC12 Family of 
microcontrollers. This protocol assumes the host knows the communication clock rate that is determined 
by the target BDC clock rate. All communication is initiated and controlled by the host that drives a 
high-to-low edge to signal the beginning of each bit time. Commands and data are sent most significant 
bit first (MSB first). For a detailed description of the communications protocol, refer to Section 17.2.2, 
“Communication Details.”

If a host is attempting to communicate with a target MCU that has an unknown BDC clock rate, a SYNC 
command may be sent to the target MCU to request a timed sync response signal from which the host can 
determine the correct communication speed.

BKGD is a pseudo-open-drain pin and there is an on-chip pullup so no external pullup resistor is required. 
Unlike typical open-drain pins, the external RC time constant on this pin, which is influenced by external 
capacitance, plays almost no role in signal rise time. The custom protocol provides for brief, actively 
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Appendix A Electrical Characteristics
Figure A-11. Timer External Clock

Figure A-12. Timer Input Capture Pulse

A.8.3 SPI Timing

Table A-11 and Figure A-13 through Figure A-16 describe the timing requirements for the SPI system.

Table A-10. TPM/MTIM Input Timing

Function Symbol Min Max Unit

External clock frequency fTCLK 0 fBus/4 Hz

External clock period tTCLK 4 — tcyc

External clock high time tclkh 1.5 — tcyc

External clock low time tclkl 1.5 — tcyc

Input capture pulse width tICPW 1.5 — tcyc

Table A-11. SPI Timing

No. Function Symbol Min Max Unit

Operating frequency
Master
Slave

fop
fBus/2048

0
fBus/2
fBus/4

Hz

1 SPSCK period
Master
Slave

tSPSCK
2
4

2048
—

tcyc
tcyc

2 Enable lead time
Master
Slave

tLead
1/2
1

—
—

tSPSCK
tcyc

3 Enable lag time
Master
Slave

tLag
1/2
1

—
—

tSPSCK
tcyc

tTCLK

tclkh

tclkl

TCLK 

tICPW

TPMCHn

tICPW

TPMCHn
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