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Figure 2-4. . MC9S08GTxxA in 42-Pin SDIP Package

2.3 Recommended System Connections
Figure 2-4 shows pin connections that are common to almost all MC9S08GBxxA application systems. 
MC9S08GTxxA connections will be similar except for the number of I/O pins available. A more detailed 
discussion of system connections follows.
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when the CPU executes a STOP instruction, the MCU will not enter any of the stop modes and an illegal 
opcode reset is forced. The stop modes are selected by setting the appropriate bits in SPMSC2. 

Table 3-1 summarizes the behavior of the MCU in each of the stop modes.

3.6.1 Stop1 Mode

The stop1 mode provides the lowest possible standby power consumption by causing the internal circuitry 
of the MCU to be powered down. Stop1 can be entered only if the LVD circuit is not enabled in stop modes 
(either LVDE or LVDSE not set).

When the MCU is in stop1 mode, all internal circuits that are powered from the voltage regulator are turned 
off. The voltage regulator is in a low-power standby state, as is the ATD. 

Exit from stop1 is performed by asserting either of the wake-up pins on the MCU: RESET or IRQ. IRQ is 
always an active low input when the MCU is in stop1, regardless of how it was configured before entering 
stop1. 

Entering stop1 mode automatically asserts LVD. Stop1 cannot be exited until VDD > VLVDH/L rising (VDD 
must rise above the LVI rearm voltage).

Upon wake-up from stop1 mode, the MCU will start up as from a power-on reset (POR). The CPU will 
take the reset vector. 

3.6.2 Stop2 Mode

The stop2 mode provides very low standby power consumption and maintains the contents of RAM and 
the current state of all of the I/O pins. Stop2 can be entered only if the LVD circuit is not enabled in stop 
modes (either LVDE or LVDSE not set).

Before entering stop2 mode, the user must save the contents of the I/O port registers, as well as any other 
memory-mapped registers they want to restore after exit of stop2, to locations in RAM. Upon exit of stop2, 
these values can be restored by user software before pin latches are opened.

When the MCU is in stop2 mode, all internal circuits that are powered from the voltage regulator are turned 
off, except for the RAM. The voltage regulator is in a low-power standby state, as is the ATD. Upon entry 

Table 3-1. Stop Mode Behavior

Mode PDC PPDC
CPU, Digital 
Peripherals, 

Flash
RAM ICG ATD Regulator I/O Pins RTI

Stop1 1 0 Off Off Off Disabled1

1 Either ATD stop mode or power-down mode depending on the state of ATDPU.

Off Reset Off

Stop2 1 1 Off Standby Off Disabled Standby States held Optionally on

Stop3 0 Don’t 
care

Standby Standby Off2

2 Crystal oscillator can be configured to run in stop3. Please see the ICG registers.

Disabled Standby States held Optionally on
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3.6.4 Active BDM Enabled in Stop Mode

Entry into the active background mode from run mode is enabled if the ENBDM bit in BDCSCR is set. 
This register is described in the Chapter 15, “Development Support,” section of this data sheet. If ENBDM 
is set when the CPU executes a STOP instruction, the system clocks to the background debug logic remain 
active when the MCU enters stop mode so background debug communication is still possible. In addition, 
the voltage regulator does not enter its low-power standby state but maintains full internal regulation. If 
the user attempts to enter either stop1 or stop2 with ENBDM set, the MCU will instead enter stop3. 

Most background commands are not available in stop mode. The memory-access-with-status commands 
do not allow memory access, but they report an error indicating that the MCU is in either stop or wait 
mode. The BACKGROUND command can be used to wake the MCU from stop and enter active 
background mode if the ENBDM bit is set. After the device enters background debug mode, all 
background commands are available. The table below summarizes the behavior of the MCU in stop when 
entry into the background debug mode is enabled.

3.6.5 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 by setting the LVDE and the LVDSE bits in SPMSC1 when 
the CPU executes a STOP instruction, then the voltage regulator remains active during stop mode. If the 
user attempts to enter either stop1 or stop2 with the LVD enabled for stop (LVDSE = 1), the MCU will 
instead enter stop3. The table below summarizes the behavior of the MCU in stop when the LVD is 
enabled.

3.6.6 On-Chip Peripheral Modules in Stop Modes

When the MCU enters any stop mode, system clocks to the internal peripheral modules are stopped. Even 
in the exception case (ENBDM = 1), where clocks to the background debug logic continue to operate, 

Table 3-2. BDM Enabled Stop Mode Behavior

Mode PDC PPDC
CPU, Digital 
Peripherals, 

Flash
RAM ICG ATD Regulator I/O Pins RTI1

1 The 1 kHz internal RTI clock is not available in stop3 with active BDM enabled.

Stop3 Don’t 
care

Don’t 
care

Standby Standby Active Disabled2

2 Either ATD stop mode or power-down mode depending on the state of ATDPU.

Active States held Optionally on

Table 3-3. LVD Enabled Stop Mode Behavior

Mode PDC PPDC
CPU, Digital 
Peripherals, 

Flash
RAM ICG ATD Regulator I/O Pins RTI

Stop3 Don’t 
care

Don’t 
care

Standby Standby Standby Disabled1

1 Either ATD stop mode or power-down mode depending on the state of ATDPU.

Active States held Optionally on
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Chapter 4  
Memory

4.1 MC9S08GBxxA/GTxxA Memory Map
As shown in Figure 4-1, on-chip memory in the MC9S08GBxxA/GTxxA series of MCUs consists of 
RAM, flash program memory for nonvolatile data storage, plus I/O and control/status registers. The 
registers are divided into three groups:

• Direct-page registers (0x0000 through 0x007F)
• High-page registers (0x1800 through 0x182B)
• Nonvolatile registers (0xFFB0 through 0xFFBF)

Figure 4-1.  MC9S08GBxxA/GTxxA Memory Map
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0x0028 SPI1C1 SPIE SPE SPTIE MSTR CPOL CPHA SSOE LSBFE

0x0029 SPI1C2 0 0 0 MODFEN BIDIROE 0 SPISWAI SPC0

0x002A SPI1BR 0 SPPR2 SPPR1 SPPR0 0 SPR2 SPR1 SPR0

0x002B SPI1S SPRF 0 SPTEF MODF 0 0 0 0

0x002C Reserved 0 0 0 0 0 0 0 0

0x002D SPI1D Bit 7 6 5 4 3 2 1 Bit 0

0x002E Reserved 0 0 0 0 0 0 0 0

0x002F Reserved 0 0 0 0 0 0 0 0

0x0030 TPM1SC TOF TOIE CPWMS CLKSB CLKSA PS2 PS1 PS0

0x0031 TPM1CNTH Bit 15 14 13 12 11 10 9 Bit 8

0x0032 TPM1CNTL Bit 7 6 5 4 3 2 1 Bit 0

0x0033 TPM1MODH Bit 15 14 13 12 11 10 9 Bit 8

0x0034 TPM1MODL Bit 7 6 5 4 3 2 1 Bit 0

0x0035 TPM1C0SC CH0F CH0IE MS0B MS0A ELS0B ELS0A 0 0

0x0036 TPM1C0VH Bit 15 14 13 12 11 10 9 Bit 8

0x0037 TPM1C0VL Bit 7 6 5 4 3 2 1 Bit 0

0x0038 TPM1C1SC CH1F CH1IE MS1B MS1A ELS1B ELS1A 0 0

0x0039 TPM1C1VH Bit 15 14 13 12 11 10 9 Bit 8

0x003A TPM1C1VL Bit 7 6 5 4 3 2 1 Bit 0

0x003B TPM1C2SC CH2F CH2IE MS2B MS2A ELS2B ELS2A 0 0

0x003C TPM1C2VH Bit 15 14 13 12 11 10 9 Bit 8

0x003D TPM1C2VL Bit 7 6 5 4 3 2 1 Bit 0

0x003E–
0x003F

Reserved —
—

—
—

—
—

—
—

—
—

—
—

—
—

—
—

0x0040 PTFD PTFD7 PTFD6 PTFD5 PTFD4 PTFD3 PTFD2 PTFD1 PTFD0

0x0041 PTFPE PTFPE7 PTFPE6 PTFPE5 PTFPE4 PTFPE3 PTFPE2 PTFPE1 PTFPE0

0x0042 PTFSE PTFSE7 PTFSE6 PTFSE5 PTFSE4 PTFSE3 PTFSE2 PTFSE1 PTFSE0

0x0043 PTFDD PTFDD7 PTFDD6 PTFDD5 PTFDD4 PTFDD3 PTFDD2 PTFDD1 PTFDD0

0x0044 PTGD PTGD7 PTGD6 PTGD5 PTGD4 PTGD3 PTGD2 PTGD1 PTGD0

0x0045 PTGPE PTGPE7 PTGPE6 PTGPE5 PTGPE4 PTGPE3 PTGPE2 PTGPE1 PTGPE0

0x0046 PTGSE PTGSE7 PTGSE6 PTGSE5 PTGSE4 PTGSE3 PTGSE2 PTGSE1 PTGSE0

0x0047 PTGDD PTGDD7 PTGDD6 PTGDD5 PTGDD4 PTGDD3 PTGDD2 PTGDD1 PTGDD0

0x0048 ICGC1 HGO RANGE REFS CLKS OSCSTEN LOCD 0

0x0049 ICGC2 LOLRE MFD LOCRE RFD

0x004A ICGS1 CLKST REFST LOLS LOCK LOCS ERCS ICGIF

0x004B ICGS2 0 0 0 0 0 0 0 DCOS

0x004C ICGFLTU 0 0 0 0 FLT

0x004D ICGFLTL FLT

0x004E ICGTRM TRIM

0x004F Reserved 0 0 0 0 0 0 0 0

Table 4-2. Direct-Page Register Summary (Sheet 2 of 3)

Address Register Name Bit 7 6 5 4 3 2 1 Bit 0
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5.8.7 System Power Management Status and Control 1 Register (SPMSC1)

Figure 5-9. System Power Management Status and Control 1 Register (SPMSC1)

 7 6 5 4 3 2 1 0

R LVDF 0
LVDIE LVDRE1

1 This bit can be written only one time after reset. Additional writes are ignored.

LVDSE(1) LVDE(1)
0 0

W LVDACK

Reset 0 0 0 1 1 1 0 0

= Unimplemented or Reserved

Table 5-10. SPMSC1 Field Descriptions

Field Description

7
LVDF

Low-Voltage Detect Flag — Provided LVDE = 1, this read-only status bit indicates a low-voltage detect event. 

6
LVDACK

Low-Voltage Detect Acknowledge — This write-only bit is used to acknowledge low voltage detection errors 
(write 1 to clear LVDF). Reads always return 0. 

5
LVDIE

Low-Voltage Detect Interrupt Enable — This read/write bit enables hardware interrupt requests for LVDF. 
0 Hardware interrupt disabled (use polling).
1 Request a hardware interrupt when LVDF = 1.

4
LVDRE

Low-Voltage Detect Reset Enable — This read/write bit enables LVDF events to generate a hardware reset 
(provided LVDE = 1). 
0 LVDF does not generate hardware resets.
1 Force an MCU reset when LVDF = 1.

3
LVDSE

Low-Voltage Detect Stop Enable — Provided LVDE = 1, this read/write bit determines whether the low-voltage 
detect function operates when the MCU is in stop mode.
0 Low-voltage detect disabled during stop mode.
1 Low-voltage detect enabled during stop mode.

2
LVDE

Low-Voltage Detect Enable — This read/write bit enables low-voltage detect logic and qualifies the operation 
of other bits in this register. 
0 LVD logic disabled.
1 LVD logic enabled.
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Figure 6-1. Block Diagram Highlighting Parallel Input/Output Pins
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Note: Not all pins are bonded out in all packages. See Table 2-2 for complete details. 

= Not connected in 48-, 44-, and 42-pin packages

= Not connected in 44- and 42-pin packages

= Not connected in 42-pin packages

Block Diagram Symbol Key:
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In FEE mode, the reference clock is derived from the external reference clock ICGERCLK, and the FLL 
loop will attempt to lock the ICGDCLK frequency to the desired value, as selected by the MFD bits. To 
run in FEE mode, there must be a working 32 kHz–100 kHz or 2 MHz–10 MHz external clock source. The 
maximum external clock frequency is limited to 10 MHz in FEE mode to prevent over-clocking the DCO. 
The minimum multiplier for the FLL, from Table 7-7, is 4. Because 4 X 10 MHz is 40 MHz, which is the 
operational limit of the DCO, the reference clock cannot be any faster than 10 MHz.

7.3.5.1 FLL Engaged External Unlocked

FEE unlocked is entered when FEE is entered and the count error (Δn) 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 (Δn) 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 / (2×R). This 
extra divide by two prevents frequency overshoots during the initial locking process from exceeding 
chip-level maximum frequency specifications. As soon as 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.

7.3.5.2 FLL Engaged External Locked

FEE locked is entered from FEE unlocked when the count error (Δn) 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 only updated once every four comparison cycles. The update made is an average 
of the error measurements taken in the four previous comparisons.

7.3.6 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 7-2 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, Δn. To 
achieve locked status, Δn must be between nlock (min) and nlock (max). As soon as the FLL has locked, Δn 
must stay between nunlock (min) and nunlock (max) to remain locked. If Δn goes outside this range 
unexpectedly, the LOLS status bit is set and remains set until acknowledged 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 
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7.5.2 ICG Control Register 2 (ICGC2)

 7 6 5 4 3 2 1 0

R
LOLRE MFD LOCRE RFD

W

Reset 0 0 0 0 0 0 0 0

Figure 7-13. ICG Control Register 2 (ICGC2)

Table 7-7. ICGC2 Field Descriptions

Field Description

7
LOLRE

Loss of Lock Reset Enable — The LOLRE bit determines what type of request is made by the ICG following a 
loss of lock indication. The LOLRE bit only has an effect when LOLS is set.
0 Generate an interrupt request on loss of lock.
1 Generate a reset request on loss of lock. 

6:4
MFD

Multiplication Factor — The MFD bits control the programmable multiplication factor in the FLL loop. The value 
specified by the MFD bits establishes the multiplication factor (N) applied to the reference frequency. Writes to 
the MFD bits will not take effect if a previous write is not complete. Select a low enough value for N such that 
fICGDCLK does not exceed its maximum specified rating.
000 Multiplication Factor (N) = 4
001 Multiplication Factor (N) = 6
010 Multiplication Factor (N) = 8
011 Multiplication Factor (N) = 10
100 Multiplication Factor (N) = 12
101 Multiplication Factor (N) = 14
110 Multiplication Factor (N) = 16
111 Multiplication Factor (N) = 18

3
LOCRE

Loss of Clock Reset Enable — The LOCRE bit determines how the system handles a loss of clock condition.
0 Generate an interrupt request on loss of clock.
1 Generate a reset request on loss of clock.

2:0
RFD

Reduced Frequency Divider — The RFD bits control the value of the divider following the clock select circuitry. 
The value specified by the RFD bits establishes the division factor (R) applied to the selected output clock source. 
Writes to the RFD bits will not take effect if a previous write is not complete.
000 Division Factor (R) = 1
001 Division Factor (R) = 2
010 Division Factor (R) = 4
011 Division Factor (R) = 8
100 Division Factor (R) = 16
101 Division Factor (R) = 32
110 Division Factor (R) = 64
111 Division Factor (R) = 128
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associated TPM act as center-aligned PWM channels. When CPWMS = 0, each channel can 
independently be configured to operate in input capture, output compare, or buffered edge-aligned PWM 
mode.

The following sections describe the main 16-bit counter and each of the timer operating modes (input 
capture, output compare, edge-aligned PWM, and center-aligned PWM). Because details of pin operation 
and interrupt activity depend on the operating mode, these topics are covered in the associated mode 
sections.

10.5.1 Counter

All timer functions are based on the main 16-bit counter (TPMxCNTH:TPMxCNTL). This section 
discusses selection of the clock source, up-counting vs. up-/down-counting, end-of-count overflow, and 
manual counter reset.

After any MCU reset, CLKSB:CLKSA = 0:0 so no clock source is selected and the TPM is inactive. 
Normally, CLKSB:CLKSA would be set to 0:1 so the bus clock drives the timer counter. The clock source 
for each of the TPM can be independently selected to be off, the bus clock (BUSCLK), the fixed system 
clock (XCLK), or an external input through the TPMxCH0 pin. The maximum frequency allowed for the 
external clock option is one-fourth the bus rate. Refer to Section 10.7.1, “Timer x Status and Control 
Register (TPMxSC),” and Table 10-2 for more information about clock source selection.

When the microcontroller is in active background mode, the TPM temporarily suspends all counting until 
the microcontroller returns to normal user operating mode. During stop mode, all TPM clocks are stopped; 
therefore, the TPM is effectively disabled until clocks resume. During wait mode, the TPM continues to 
operate normally.

The main 16-bit counter has two counting modes. When center-aligned PWM is selected (CPWMS = 1), 
the counter operates in up-/down-counting mode. Otherwise, the counter operates as a simple up-counter. 
As an up-counter, the main 16-bit counter counts from $0000 through its terminal count and then continues 
with $0000. The terminal count is $FFFF or a modulus value in TPMxMODH:TPMxMODL.

When center-aligned PWM operation is specified, the counter counts upward from $0000 through its 
terminal count and then counts downward to $0000 where it returns to up-counting. Both $0000 and the 
terminal count value (value in TPMxMODH:TPMxMODL) are normal length counts (one timer clock 
period long).

An interrupt flag and enable are associated with the main 16-bit counter. The timer overflow flag (TOF) is 
a software-accessible indication that the timer counter has overflowed. The enable signal selects between 
software polling (TOIE = 0) where no hardware interrupt is generated, or interrupt-driven operation 
(TOIE = 1) where a static hardware interrupt is automatically generated whenever the TOF flag is 1.

The conditions that cause TOF to become set depend on the counting mode (up or up/down). In 
up-counting mode, the main 16-bit counter counts from $0000 through $FFFF and overflows to $0000 on 
the next counting clock. TOF becomes set at the transition from $FFFF to $0000. When a modulus limit 
is set, TOF becomes set at the transition from the value set in the modulus register to $0000. When the 
main 16-bit counter is operating in up-/down-counting mode, the TOF flag gets set as the counter changes 
direction at the transition from the value set in the modulus register and the next lower count value. This 
corresponds to the end of a PWM period. (The $0000 count value corresponds to the center of a period.)
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Figure 11-1. Block Diagram Highlighting the SCI Modules

PTD3/TPM2CH0
PTD4/TPM2CH1
PTD5/TPM2CH2
PTD6/TPM2CH3

PTC1/RxD2
PTC0/TxD2

VSS

VDD

PTE3/MISO1
PTE2/SS1

PTA7/KBI1P7–

PTE0/TxD1
PTE1/RxD1

PTD2/TPM1CH2
PTD1/TPM1CH1
PTD0/TPM1CH0

PTC7
PTC6
PTC5
PTC4
PTC3/SCL1
PTC2/SDA1

PO
R

T 
A

PO
R

T 
C

PO
R

T 
D

P
O

R
T 

E

8-BIT KEYBOARD
INTERRUPT MODULE

IIC MODULE

SERIAL PERIPHERAL
 INTERFACE MODULE

USER FLASH

USER RAM
(Gx60A = 4096 BYTES)

DEBUG
MODULE

(Gx60A = 61,268 BYTES)

HCS08 CORE

Note: Not all pins are bonded out in all packages. See Table 2-2 for complete details. 

3-CHANNEL TIMER/PWM
MODULE

PTB7/AD1P7–

PO
R

T 
B

PTE5/SPSCK1
PTE4/MOSI1

PTE6
PTE7

INTERFACE MODULE

HCS08 SYSTEM CONTROL

RESETS AND INTERRUPTS
MODES OF OPERATION
POWER MANAGEMENT

VOLTAGE 
REGULATOR

RTI

SERIAL COMMUNICATIONS

COP

IRQ LVD

LOW-POWER OSCILLATOR

INTERNAL CLOCK
GENERATOR

 RESET ANALOG-TO-DIGITAL
CONVERTER (10-BIT)

INTERFACE MODULE
SERIAL COMMUNICATIONS

5-CHANNEL TIMER/PWM
MODULE

P
O

R
T 

F
PTF7–PTF0

PTD7/TPM2CH4

8

PTA0/KBI1P0

8

PTB0/AD1P0

8

PTG3
PTG2/EXTAL

PTG0/BKGD/MS
PTG1/XTAL

P
O

R
T 

G

PTG7–PTG4

(Gx32A = 32,768 BYTES)

(Gx32A = 2048 BYTES) 

CPU

(DBG)

(KBI1)

(ATD1)

(IIC1)

(SCI2)

(TPM2)

(TPM1)

(SPI1)

(SCI1)

(ICG)

8

8

SCL1
SDA1
SCL1
SCL1

5

3

SPSCK1
MOSI1
MISO1
SS1
RxD1
TxD1

VSSAD

VDDAD

VREFH
VREFL

EXTAL
XTAL
BKGD

BDC

4

IRQ

= Not connected in 48-, 44-, and 42-pin packages

= Not connected in 44- and 42-pin packages

= Not connected in 42-pin packages

Block Diagram Symbol Key:



Serial Communications Interface (S08SCIV1) 

MC9S08GB60A Data Sheet, Rev. 2

186  Freescale Semiconductor
 

11.3.3.2.1 Idle-Line Wakeup

When WAKE = 0, the receiver is configured for idle-line wakeup. In this mode, RWU is cleared 
automatically when the receiver detects a full character time of the idle-line level. The M control bit selects 
8-bit or 9-bit data mode that determines how many bit times of idle are needed to constitute a full character 
time (10 or 11 bit times because of the start and stop bits). 

When the RWU bit is set, the idle character that wakes a receiver does not set the receiver idle bit, IDLE, 
or the receive data register full flag, RDRF. It therefore will not generate an interrupt when this idle 
character occurs. The receiver will wake up and wait for the next data transmission which will set RDRF 
and generate an interrupt if enabled. 

The idle-line type (ILT) control bit selects one of two ways to detect an idle line. When ILT = 0, the idle 
bit counter starts after the start bit so the stop bit and any logic 1s at the end of a character count toward 
the full character time of idle. When ILT = 1, the idle bit counter does not start until after a stop bit time, 
so the idle detection is not affected by the data in the last character of the previous message. 

11.3.3.2.2 Address-Mark Wakeup

When WAKE = 1, the receiver is configured for address-mark wakeup. In this mode, RWU is cleared 
automatically when the receiver detects a logic 1 in the most significant bit of a received character (eighth 
bit in M = 0 mode and ninth bit in M = 1 mode).

Address-mark wakeup allows messages to contain idle characters but requires that the MSB be reserved 
for use in address frames. The logic 1 MSB of an address frame clears the receivers RWU bit before the 
stop bit is received and sets the RDRF flag.

11.3.4 Interrupts and Status Flags

The SCI system has three separate interrupt vectors to reduce the amount of software needed to isolate the 
cause of the interrupt. One interrupt vector is associated with the transmitter for TDRE and TC events. 
Another interrupt vector is associated with the receiver for RDRF and IDLE events, and a third vector is 
used for OR, NF, FE, and PF error conditions. Each of these eight interrupt sources can be separately 
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 SCIxD. 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 SCIxD. The RDRF flag is cleared by reading SCIxS1 while RDRF = 1 and then 
reading SCIxD.
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Figure 12-1. Block Diagram Highlighting the SPI Module
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Figure 13-1. Block Diagram Highlighting the IIC Module
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Table 13-3. IIC Divider and Hold Values

ICR
(hex)

SCL Divider
SDA Hold

Value
ICR

(hex)
SCL Divider

SDA Hold
Value

00 20 7 20 160 17

01 22 7 21 192 17

02 24 8 22 224 33

03 26 8 23 256 33

04 28 9 24 288 49

05 30 9 25 320 49

06 34 10 26 384 65

07 40 10 27 480 65

08 28 7 28 320 33

09 32 7 29 384 33

0A 36 9 2A 448 65

0B 40 9 2B 512 65

0C 44 11 2C 576 97

0D 48 11 2D 640 97

0E 56 13 2E 768 129

0F 68 13 2F 960 129

10 48 9 30 640 65

11 56 9 31 768 65

12 64 13 32 896 129

13 72 13 33 1024 129

14 80 17 34 1152 193

15 88 17 35 1280 193

16 104 21 36 1536 257

17 128 21 37 1920 257

18 80 9 38 1280 129

19 96 9 39 1536 129

1A 112 17 3A 1792 257

1B 128 17 3B 2048 257

1C 144 25 3C 2304 385

1D 160 25 3D 2560 385

1E 192 33 3E 3072 513

1F 240 33 3F 3840 513
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Figure 13-9. IIC Clock Synchronization

13.4.1.8 Handshaking

The clock synchronization mechanism can be used as a handshake in data transfer. Slave devices may hold 
the SCL low after completion of one byte transfer (9 bits). In such case, it halts the bus clock and forces 
the master clock into wait states until the slave releases the SCL line.

13.4.1.9 Clock Stretching

The clock synchronization mechanism can be used by slaves to slow down the bit rate of a transfer. After 
the master has driven SCL low the slave can drive SCL low for the required period and then release it. If 
the slave SCL low period is greater than the master SCL low period then the resulting SCL bus signal low 
period is stretched.

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

13.6 Interrupts
The IIC generates a single interrupt.

An interrupt from the IIC is generated when any of the events in Table 13-7 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 one to it in the interrupt routine. 
The user can determine the interrupt type by reading the status register.

Table 13-7. 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

SCL1

SCL2

SCL

INTERNAL COUNTER RESET

DELAY START COUNTING HIGH PERIOD
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Figure 15-2 shows an external host transmitting a logic 1 or 0 to the BKGD pin of a target HCS08 MCU. 
The host is asynchronous to the target so there is a 0-to-1 cycle delay from the host-generated falling edge 
to where the target perceives the beginning of the bit time. Ten target BDC clock cycles later, the target 
senses the bit level on the BKGD pin. Typically, the host actively drives the pseudo-open-drain BKGD pin 
during host-to-target transmissions to speed up rising edges. Because the target does not drive the BKGD 
pin during the host-to-target transmission period, there is no need to treat the line as an open-drain signal 
during this period.

Figure 15-2. BDC Host-to-Target Serial Bit Timing
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A force-type breakpoint waits for the current instruction to finish and then acts upon the breakpoint 
request. The usual action in response to a breakpoint is to go to active background mode rather than 
continuing to the next instruction in the user application program.

The tag vs. force terminology is used in two contexts within the debug module. The first context refers to 
breakpoint requests from the debug module to the CPU. The second refers to match signals from the 
comparators to the debugger control logic. When a tag-type break request is sent to the CPU, a signal is 
entered into the instruction queue along with the opcode so that if/when this opcode ever executes, the 
CPU will effectively replace the tagged opcode with a BGND opcode so the CPU goes to active 
background mode rather than executing the tagged instruction. When the TRGSEL control bit in the DBGT 
register is set to select tag-type operation, the output from comparator A or B is qualified by a block of 
logic in the debug module that tracks opcodes and only produces a trigger to the debugger if the opcode at 
the compare address is actually executed. There is separate opcode tracking logic for each comparator so 
more than one compare event can be tracked through the instruction queue at a time.

15.3.5 Trigger Modes

The trigger mode controls the overall behavior of a debug run. The 4-bit TRG field in the DBGT register 
selects one of nine trigger modes. When TRGSEL = 1 in the DBGT register, the output of the comparator 
must propagate through an opcode tracking circuit before triggering FIFO actions. The BEGIN bit in 
DBGT chooses whether the FIFO begins storing data when the qualified trigger is detected (begin trace), 
or the FIFO stores data in a circular fashion from the time it is armed until the qualified trigger is detected 
(end trigger).

A debug run is started by writing a 1 to the ARM bit in the DBGC register, which sets the ARMF flag and 
clears the AF and BF flags and the CNT bits in DBGS. A begin-trace debug run ends when the FIFO gets 
full. An end-trace run ends when the selected trigger event occurs. Any debug run can be stopped manually 
by writing a 0 to ARM or DBGEN in DBGC.

In all trigger modes except event-only modes, the FIFO stores change-of-flow addresses. In event-only 
trigger modes, the FIFO stores data in the low-order eight bits of the FIFO. 

The BEGIN control bit is ignored in event-only trigger modes and all such debug runs are begin type 
traces. When TRGSEL = 1 to select opcode fetch triggers, it is not necessary to use R/W in comparisons 
because opcode tags would only apply to opcode fetches that are always read cycles. It would also be 
unusual to specify TRGSEL = 1 while using a full mode trigger because the opcode value is normally 
known at a particular address.

The following trigger mode descriptions only state the primary comparator conditions that lead to a trigger. 
Either comparator can usually be further qualified with R/W by setting RWAEN (RWBEN) and the 
corresponding RWA (RWB) value to be matched against R/W. The signal from the comparator with 
optional R/W qualification is used to request a CPU breakpoint if BRKEN = 1 and TAG determines 
whether the CPU request will be a tag request or a force request.
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Figure A-3. Typical Low-Side Driver (Sink) Characteristics (Ports A, B, D, E, and G)

Figure A-4. Typical High-Side Driver (Source) Characteristics (Ports C and F) 

Figure A-5. Typical High-Side (Source) Characteristics (Ports A, B, D, E, and G) 
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