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Memory
$FE03
 Break Flag Control Register

(BFCR)
See page 200.

Read:
BCFE R R R R R R R

Write:

Reset: 0 0 0 0 0 0 0 0

$FE04
Interrupt Status Register 1

(INT1)
See page 195.

Read: IF6 IF5 IF4 IF3 IF2 IF1 0 0

Write: R R R R R R R R

Reset: 0 0 0 0 0 0 0 0

$FE05
Interrupt Status Register 2

(INT2)
See page 195.

Read: IF14 IF13 IF12 IF11 IF10 IF9 IF8 IF7

Write: R R R R R R R R

Reset: 0 0 0 0 0 0 0 0

$FE06
Interrupt Status Register 3

(INT3)
See page 195.

Read: IF22 IF21 IF20 IF19 IF18 IF17 IF16 IF15

Write: R R R R R R R R

Reset: 0 0 0 0 0 0 0 0

$FE07
Interrupt Status Register 4

(INT4)
See page 196.

Read: 0 0 0 0 0 0 IF24 IF23

Write: R R R R R R R R

Reset: 0 0 0 0 0 0 0 0

$FE08
FLASH-2 Control Register

(FL2CR)
See page 50.

Read: 0 0 0 0
HVEN MASS ERASE PGM

Write:

Reset: 0 0 0 0 0 0 0 0

$FE09
Break Address Register High

(BRKH)
See page 265.

Read:
Bit 15 14 13 12 11 10 9 Bit 8

Write:

Reset: 0 0 0 0 0 0 0 0

$FE0A
Break Address Register Low

(BRKL)
See page 265.

Read:
Bit 7 6 5 4 3 2 1 Bit 0

Write:

Reset: 0 0 0 0 0 0 0 0

$FE0B
Break Status and Control

Register (BRKSCR)
See page 265.

Read:
BRKE BRKA

0 0 0 0 0 0

Write:

Reset: 0 0 0 0 0 0 0 0

$FE0C
LVI Status Register

(LVISR)
See page 129.

Read: LVIOUT 0 0 0 0 0 0 0

Write:

Reset: 0 0 0 0 0 0 0 0

$FE0D
FLASH-2 Test Control

Register (FLTCR2)

Read:
R R R R R R R R

Write:

Reset: 0 0 0 0 0 0 0 0

$FE0E
FLASH-1 Test Control

Register (FLTCR1)

Read:
R R R R R R R R

Write:

Reset: 0 0 0 0 0 0 0 0

Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0

= Unimplemented R = Reserved U = Unaffected

Figure 2-2. Control, Status, and Data Registers (Sheet 8 of 9)
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Memory
Decreasing the value in FL1BPR by one increases the protected range by one page (128 bytes). 
However, programming the block protect register with $FE protects a range twice that size, 256 bytes, in 
the corresponding array. $FE means that locations $FF00–$FFFF are protected in FLASH-1.

The FLASH memory does not exist at some locations. The block protection range configuration is 
unaffected if FLASH memory does not exist in that range. Refer to Figure 2-1 and make sure that the 
desired locations are protected.

2.6.3  FLASH-1 Block Protection

Due to the ability of the on-board charge pump to erase and program the FLASH memory in the target 
application, provision is made for protecting blocks of memory from unintentional erase or program 
operations due to system malfunction. This protection is done by using the FLASH-1 block protection 
register (FL1BPR). FL1BPR determines the range of the FLASH-1 memory which is to be protected. The 
range of the protected area starts from a location defined by FL1BPR and ends at the bottom of the 
FLASH-1 memory ($FFFF). When the memory is protected, the HVEN bit can not be set in either ERASE 
or PROGRAM operations.

NOTE
In performing a program or erase operation, the FLASH-1 block protect 
register must be read after setting the PGM or ERASE bit and before 
asserting the HVEN bit.

When the FLASH-1 block protect register is programmed with all 0’s, the entire memory is protected from 
being programmed and erased. When all the bits are erased (all 1’s), the entire memory is accessible for 
program and erase.

When bits within FL1BPR are programmed (0), they lock a block of memory address ranges as shown in 
Figure 2-4. If FL1BPR is programmed with any value other than $FF, the protected block of FLASH 
memory can not be erased or programmed.

NOTE
The vector locations and the FLASH block protect registers are located in 
the same page. FL1BPR and FL2BPR are not protected with special 
hardware or software. Therefore, if this page is not protected by FL1BPR 
and the vector locations are erased by either a page or a mass erase 
operation, then both FL1BPR and FL2BPR will also get erased.
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Memory
E. The time between each FLASH address change (step 7 to step 7), or the time between the last FLASH 
address programmed to clearing the PGM bit (step 7 to step 10) must not exceed the maximum 
programming time, tPROG maximum.

F. Be cautious when programming the FLASH-2 array to ensure that non-FLASH locations are not used 
as the address that is written to when selecting either the desired row address range in step 3 of the 
algorithm or the byte to be programmed in step 7 of the algorithm.

2.7.7  Low-Power Modes

The WAIT and STOP instructions will place the MCU in low power-consumption standby modes.

2.7.7.1  Wait Mode

Putting the MCU into wait mode while the FLASH is in read mode does not affect the operation of the 
FLASH memory directly; however, no memory activity will take place since the CPU is inactive.

The WAIT instruction should not be executed while performing a program or erase operation on the 
FLASH. Wait mode will suspend any FLASH program/erase operations and leave the memory in a 
standby mode.

2.7.7.2  Stop Mode

Putting the MCU into stop mode while the FLASH is in read mode does not affect the operation of the 
FLASH memory directly; however, no memory activity will take place since the CPU is inactive.

The STOP instruction should not be executed while performing a program or erase operation on the 
FLASH. Stop mode will suspend any FLASH program/erase operations and leave the memory in a 
standby mode.

NOTE
Standby mode is the power saving mode of the FLASH module, in which all 
internal control signals to the FLASH are inactive and the current 
consumption of the FLASH is minimum.
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Clock Generator Module (CGM)
 

Figure 4-1. CGM Block Diagram
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I/O Signals
4.4.1  Crystal Amplifier Input Pin (OSC1)

The OSC1 pin is an input to the crystal oscillator amplifier. 

4.4.2  Crystal Amplifier Output Pin (OSC2)

The OSC2 pin is the output of the crystal oscillator inverting amplifier.

4.4.3  External Filter Capacitor Pin (CGMXFC)

The CGMXFC pin is required by the loop filter to filter out phase corrections. An external filter network is 
connected to this pin. (See Figure 4-2.)

NOTE
To prevent noise problems, the filter network should be placed as close to 
the CGMXFC pin as possible, with minimum routing distances and no 
routing of other signals across the network.

4.4.4  PLL Analog Power Pin (VDDA)

VDDA is a power pin used by the analog portions of the PLL. Connect the VDDA pin to the same voltage 
potential as the VDD pin.

NOTE
Route VDDA carefully for maximum noise immunity and place bypass 
capacitors as close as possible to the package.

4.4.5  PLL Analog Ground Pin (VSSA)

VSSA is a ground pin used by the analog portions of the PLL. Connect the VSSA pin to the same voltage 
potential as the VSS pin.

NOTE
Route VSSA carefully for maximum noise immunity and place bypass 
capacitors as close as possible to the package.

4.4.6  Oscillator Enable Signal (SIMOSCEN)

The SIMOSCEN signal comes from the system integration module (SIM) and enables the oscillator and 
PLL.

4.4.7  Oscillator Enable in Stop Mode Bit (OSCENINSTOP)

OSCENINSTOP is a bit in the CONFIG2 register that enables the oscillator to continue operating during 
stop mode. If this bit is set, the oscillator continues running during stop mode. If this bit is not set (default), 
the oscillator is controlled by the SIMOSCEN signal which will disable the oscillator during stop mode.

4.4.8  Crystal Output Frequency Signal (CGMXCLK)

CGMXCLK is the crystal oscillator output signal. It runs at the full speed of the crystal (fXCLK) and comes 
directly from the crystal oscillator circuit. Figure 4-2 shows only the logical relation of CGMXCLK to OSC1 
and OSC2 and may not represent the actual circuitry. The duty cycle of CGMXCLK is unknown and may 
depend on the crystal and other external factors. Also, the frequency and amplitude of CGMXCLK can be 
unstable at start up.
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CGM Registers
LOCK — Lock Indicator Bit
When the AUTO bit is set, LOCK is a read-only bit that becomes set when the VCO clock, CGMVCLK, 
is locked (running at the programmed frequency). When the AUTO bit is clear, LOCK reads as 0 and 
has no meaning. The write one function of this bit is reserved for test, so this bit must always be written 
as a 0. Reset clears the LOCK bit.

1 = VCO frequency correct or locked
0 = VCO frequency incorrect or unlocked

ACQ — Acquisition Mode Bit
When the AUTO bit is set, ACQ is a read-only bit that indicates whether the PLL is in acquisition mode 
or tracking mode. When the AUTO bit is clear, ACQ is a read/write bit that controls whether the PLL is 
in acquisition or tracking mode.
In automatic bandwidth control mode (AUTO = 1), the last-written value from manual operation is 
stored in a temporary location and is recovered when manual operation resumes. Reset clears this bit, 
enabling acquisition mode.

1 = Tracking mode
0 = Acquisition mode

4.5.3  PLL Multiplier Select Register High 

The PLL multiplier select register high (PMSH) contains the programming information for the high byte of 
the modulo feedback divider.

MUL11–MUL8 — Multiplier Select Bits
These read/write bits control the high byte of the modulo feedback divider that selects the VCO 
frequency multiplier N. (See 4.3.3 PLL Circuits and 4.3.6 Programming the PLL.) A value of $0000 in 
the multiplier select registers configures the modulo feedback divider the same as a value of $0001. 
Reset initializes the registers to $0040 for a default multiply value of 64.

NOTE
The multiplier select bits have built-in protection such that they cannot be 
written when the PLL is on (PLLON = 1).

PMSH[7:4] — Unimplemented Bits
These bits have no function and always read as 0s.

Address: $0038

Bit 7 6 5 4 3 2 1 Bit 0

Read: 0 0 0 0
MUL11 MUL10 MUL9 MUL8

Write:

Reset: 0 0 0 0 0 0 0 0

= Unimplemented

Figure 4-6. PLL Multiplier Select Register High (PMSH)
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Central Processor Unit (CPU)
7.7  Instruction Set Summary

Table 7-1 provides a summary of the M68HC08 instruction set.

Table 7-1. Instruction Set Summary (Sheet 1 of 6)

Source
Form Operation Description

Effect
on CCR

A
d

d
re

ss
M

o
d

e

O
p

co
d

e

O
p

er
an

d

C
yc

le
s

V H I N Z C

ADC #opr
ADC opr
ADC opr
ADC opr,X
ADC opr,X
ADC ,X
ADC opr,SP
ADC opr,SP

Add with Carry A ← (A) + (M) + (C) –

IMM
DIR
EXT
IX2
IX1
IX
SP1
SP2

A9
B9
C9
D9
E9
F9

9EE9
9ED9

ii
dd
hh ll
ee ff
ff

ff
ee ff

2
3
4
4
3
2
4
5

ADD #opr
ADD opr
ADD opr
ADD opr,X
ADD opr,X
ADD ,X
ADD opr,SP
ADD opr,SP

Add without Carry A ← (A) + (M) –

IMM
DIR
EXT
IX2
IX1
IX
SP1
SP2

AB
BB
CB
DB
EB
FB

9EEB
9EDB

ii
dd
hh ll
ee ff
ff

ff
ee ff

2
3
4
4
3
2
4
5

AIS #opr Add Immediate Value (Signed) to SP SP ← (SP) + (16 « M) – – – – – – IMM A7 ii 2

AIX #opr Add Immediate Value (Signed) to H:X H:X ← (H:X) + (16 « M) – – – – – – IMM AF ii 2

AND #opr
AND opr
AND opr
AND opr,X
AND opr,X
AND ,X
AND opr,SP
AND opr,SP

Logical AND A ← (A) & (M) 0 – – –

IMM
DIR
EXT
IX2
IX1
IX
SP1
SP2

A4
B4
C4
D4
E4
F4

9EE4
9ED4

ii
dd
hh ll
ee ff
ff

ff
ee ff

2
3
4
4
3
2
4
5

ASL opr
ASLA
ASLX
ASL opr,X
ASL ,X
ASL opr,SP

Arithmetic Shift Left
(Same as LSL) – –

DIR
INH
INH
IX1
IX
SP1

38
48
58
68
78

9E68

dd

ff

ff

4
1
1
4
3
5

ASR opr
ASRA
ASRX
ASR opr,X
ASR opr,X
ASR opr,SP

Arithmetic Shift Right – –

DIR
INH
INH
IX1
IX
SP1

37
47
57
67
77

9E67

dd

ff

ff

4
1
1
4
3
5

BCC rel Branch if Carry Bit Clear PC ← (PC) + 2 + rel ? (C) = 0 – – – – – – REL 24 rr 3

BCLR n, opr Clear Bit n in M Mn ← 0 – – – – – –

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

11
13
15
17
19
1B
1D
1F

dd 
dd 
dd 
dd 
dd 
dd 
dd 
dd 

4
4
4
4
4
4
4
4

BCS rel Branch if Carry Bit Set (Same as BLO) PC ← (PC) + 2 + rel ? (C) = 1 – – – – – – REL 25 rr 3

BEQ rel Branch if Equal PC ← (PC) + 2 + rel ? (Z) = 1 – – – – – – REL 27 rr 3

BGE opr Branch if Greater Than or Equal To 
(Signed Operands) PC ← (PC) + 2 + rel ? (N ⊕ V) = 0 – – – – – – REL 90 rr 3

BGT opr Branch if Greater Than (Signed 
Operands) PC ← (PC) + 2 + rel ? (Z) | (N ⊕ V) = 0 – – – – – – REL 92 rr 3

BHCC rel Branch if Half Carry Bit Clear PC ← (PC) + 2 + rel ? (H) = 0 – – – – – – REL 28 rr 3

BHCS rel Branch if Half Carry Bit Set PC ← (PC) + 2 + rel ? (H) = 1 – – – – – – REL 29 rr 3

BHI rel Branch if Higher PC ← (PC) + 2 + rel ? (C) | (Z) = 0 – – – – – – REL 22 rr 3

C

b0b7

0

b0b7

C
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Low-Voltage Inhibit (LVI)
LVISTOP, LVIPWRD, LVI5OR3, and LVIRSTD are in the configuration register (CONFIG1). See 
Figure 5-2. Configuration Register 1 (CONFIG1) for details of the LVI’s configuration bits. Once an LVI 
reset occurs, the MCU remains in reset until VDD rises above a voltage, VTRIPR, which causes the MCU 
to exit reset. See 14.3.2.5 Low-Voltage Inhibit (LVI) Reset for details of the interaction between the SIM 
and the LVI. The output of the comparator controls the state of the LVIOUT flag in the LVI status register 
(LVISR).

An LVI reset also drives the RST pin low to provide low-voltage protection to external peripheral devices.

Figure 11-1. LVI Module Block Diagram

11.3.1  Polled LVI Operation

In applications that can operate at VDD levels below the VTRIPF level, software can monitor VDD by polling 
the LVIOUT bit. In the configuration register, the LVIPWRD bit must be 0 to enable the LVI module, and 
the LVIRSTD bit must be 1 to disable LVI resets.

11.3.2  Forced Reset Operation

In applications that require VDD to remain above the VTRIPF level, enabling LVI resets allows the LVI 
module to reset the MCU when VDD falls below the VTRIPF level. In the configuration register, the 
LVIPWRD and LVIRSTD bits must be cleared to enable the LVI module and to enable LVI resets.

Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0

$FE0C
LVI Status Register

(LVISR)
See page 129.

Read: LVIOUT 0 0 0 0 0 0 0

Write:

Reset: 0 0 0 0 0 0 0 0

= Unimplemented

Figure 11-2. LVI I/O Register Summary

LOW VDD
DETECTOR

LVIPWRD

STOP INSTRUCTION

LVISTOP

LVI RESET

LVIOUT

VDD > LVITrip = 0

VDD ≤ LVITrip = 1

FROM CONFIG

FROM CONFIG1

VDD

FROM CONFIG1

LVIRSTD

LVI5OR3

FROM CONFIG1
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Pin Name Conventions
13.3  Pin Name Conventions

The generic names of the ESCI input/output (I/O) pins are:
• RxD (receive data)
• TxD (transmit data)

ESCI I/O lines are implemented by sharing parallel I/O port pins. The full name of an ESCI input or output 
reflects the name of the shared port pin. Table 13-1 shows the full names and the generic names of the 
ESCI I/O pins. The generic pin names appear in the text of this section.

 

13.4  Functional Description

Figure 13-3 shows the structure of the ESCI module. The ESCI allows full-duplex, asynchronous, NRZ 
serial communication between the MCU and remote devices, including other MCUs. The transmitter and 
receiver of the ESCI operate independently, although they use the same baud rate generator. During 
normal operation, the CPU monitors the status of the ESCI, writes the data to be transmitted, and 
processes received data. 

The baud rate clock source for the ESCI can be selected via the configuration bit, SCIBDSRC, of the 
CONFIG2 register ($001E)

For reference, a summary of the ESCI module input/output registers is provided in Figure 13-4.

13.4.1  Data Format

The SCI uses the standard non-return-to-zero mark/space data format illustrated in Figure 13-2.

Figure 13-2. SCI Data Formats

Table 13-1. Pin Name Conventions

 Generic Pin Names RxD TxD

Full Pin Names PTE1/RxD PTE0/TxD

BIT 5BIT 0 BIT 1

BIT 0 BIT 1 BIT 2 BIT 3 BIT 4 BIT 5 BIT 6 BIT 7 BIT 8

BIT 2 BIT 3 BIT 4 BIT 6 BIT 7

PARITY
OR DATA

BIT

PARITY
OR DATA

BIT

NEXT
START

BIT

NEXT
START

BIT

STOP
BIT

STOP
BIT

8-BIT DATA FORMAT
(BIT M IN SCC1 CLEAR)

9-BIT DATA FORMAT
(BIT M IN SCC1 SET)

START
BIT

START
BIT
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Exception Control
If more than one interrupt is pending at the end of an instruction execution, the highest priority interrupt is 
serviced first. Figure 14-11 demonstrates what happens when two interrupts are pending. If an interrupt 
is pending upon exit from the original interrupt service routine, the pending interrupt is serviced before the 
LDA instruction is executed.

Figure 14-11. Interrupt Recognition Example

The LDA opcode is prefetched by both the INT1 and INT2 RTI instructions. However, in the case of the 
INT1 RTI prefetch, this is a redundant operation.

NOTE
To maintain compatibility with the M6805 Family, the H register is not 
pushed on the stack during interrupt entry. If the interrupt service routine 
modifies the H register or uses the indexed addressing mode, software 
should save the H register and then restore it prior to exiting the routine.

14.5.1.2  SWI Instruction

The SWI instruction is a non-maskable instruction that causes an interrupt regardless of the state of the 
interrupt mask (I bit) in the condition code register.

NOTE
A software interrupt pushes PC onto the stack. A software interrupt does 
not push PC – 1, as a hardware interrupt does.

14.5.1.3  Interrupt Status Registers

The flags in the interrupt status registers identify maskable interrupt sources. Table 14-3 summarizes the 
interrupt sources, hardware flag bits, hardware interrupt mask bits, interrupt status register flags, interrupt 
priority, and exception vectors. The interrupt status registers can be useful for debugging.

CLI

LDA

INT1

PULH
RTI

INT2

BACKGROUND#$FF

PSHH

INT1 INTERRUPT SERVICE ROUTINE

PULH
RTI

PSHH

INT2 INTERRUPT SERVICE ROUTINE

ROUTINE
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Functional Description
 

Figure 15-2. SPI Module Block Diagram

Addr. Register Name Bit 7 6 5 4 3 2 1 Bit 0

$0010
SPI Control Register

(SPCR)
See page 217.

Read:
SPRIE R SPMSTR CPOL CPHA SPWOM SPE SPTIE

Write:

Reset: 0 0 1 0 1 0 0 0

$0011
SPI Status and Control

Register (SPSCR)
See page 218.

Read: SPRF
ERRIE

OVRF MODF SPTE
MODFEN SPR1 SPR0

Write:

Reset: 0 0 0 0 1 0 0 0

$0012
SPI Data Register

(SPDR)
See page 220.

Read: R7 R6 R5 R4 R3 R2 R1 R0

Write: T7 T6 T5 T4 T3 T2 T1 T0

Reset: Unaffected by reset

R = Reserved = Unimplemented

Figure 15-3. SPI I/O Register Summary

TRANSMITTER CPU INTERRUPT REQUEST

RECEIVER/ERROR CPU INTERRUPT REQUEST

7 6 5 4 3 2 1 0

SPR1

SPMSTR

TRANSMIT DATA REGISTER

 SHIFT REGISTER

SPR0

CLOCK
SELECT

÷ 2

CLOCK
DIVIDER

÷ 8

÷ 32

÷ 128

CLOCK
LOGIC

CPHA CPOL

SPI

SPRIE

SPE

SPWOM

SPRF

SPTE

OVRF

M

S

PIN
CONTROL

LOGIC

RECEIVE DATA REGISTER

SPTIE

SPE

INTERNAL BUS

BUSCLK

MODFEN

ERRIE

CONTROL

MODF

SPMSTR

MOSI

MISO

SPSCK

SS
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Functional Description
17.3.3  Output Compare

With the output compare function, the TIM1 can generate a periodic pulse with a programmable polarity, 
duration, and frequency. When the counter reaches the value in the registers of an output compare 
channel, the TIM1 can set, clear, or toggle the channel pin. Output compares can generate TIM1 CPU 
interrupt requests.

17.3.3.1  Unbuffered Output Compare

Any output compare channel can generate unbuffered output compare pulses as described in 17.3.3 
Output Compare. The pulses are unbuffered because changing the output compare value requires writing 
the new value over the old value currently in the TIM1 channel registers.

An unsynchronized write to the TIM1 channel registers to change an output compare value could cause 
incorrect operation for up to two counter overflow periods. For example, writing a new value before the 
counter reaches the old value but after the counter reaches the new value prevents any compare during 
that counter overflow period. Also, using a TIM1 overflow interrupt routine to write a new, smaller output 
compare value may cause the compare to be missed. The TIM1 may pass the new value before it is 
written.

Use the following methods to synchronize unbuffered changes in the output compare value on channel x:
• When changing to a smaller value, enable channel x output compare interrupts and write the new 

value in the output compare interrupt routine. The output compare interrupt occurs at the end of 
the current output compare pulse. The interrupt routine has until the end of the counter overflow 
period to write the new value. 

• When changing to a larger output compare value, enable TIM1 overflow interrupts and write the 
new value in the TIM1 overflow interrupt routine. The TIM1 overflow interrupt occurs at the end of 
the current counter overflow period. Writing a larger value in an output compare interrupt routine 
(at the end of the current pulse) could cause two output compares to occur in the same counter 
overflow period. 

17.3.3.2  Buffered Output Compare

Channels 0 and 1 can be linked to form a buffered output compare channel whose output appears on the 
T1CH0 pin. The TIM1 channel registers of the linked pair alternately control the output.

Setting the MS0B bit in TIM1 channel 0 status and control register (TSC0) links channel 0 and channel 1. 
The output compare value in the TIM1 channel 0 registers initially controls the output on the T1CH0 pin. 
Writing to the TIM1 channel 1 registers enables the TIM1 channel 1 registers to synchronously control the 
output after the TIM1 overflows. At each subsequent overflow, the TIM1 channel registers (0 or 1) that 
control the output are the ones written to last. T1SC0 controls and monitors the buffered output compare 
function, and TIM1 channel 1 status and control register (T1SC1) is unused. While the MS0B bit is set, 
the channel 1 pin, T1CH1, is available as a general-purpose I/O pin. 

NOTE
In buffered output compare operation, do not write new output compare 
values to the currently active channel registers. User software should track 
the currently active channel to prevent writing a new value to the active 
channel. Writing to the active channel registers is the same as generating 
unbuffered output compares.
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Timer Interface Module (TIM1)
TOF — TIM1 Overflow Flag Bit
This read/write flag is set when the TIM1 counter reaches the modulo value programmed in the TIM1 
counter modulo registers. Clear TOF by reading the TIM1 status and control register when TOF is set 
and then writing a 0 to TOF. If another TIM1 overflow occurs before the clearing sequence is complete, 
then writing 0 to TOF has no effect. Therefore, a TOF interrupt request cannot be lost due to 
inadvertent clearing of TOF. Reset clears the TOF bit. Writing a 1 to TOF has no effect.

1 = TIM1 counter has reached modulo value
0 = TIM1 counter has not reached modulo value

TOIE — TIM1 Overflow Interrupt Enable Bit
This read/write bit enables TIM1 overflow interrupts when the TOF bit becomes set. Reset clears the 
TOIE bit.

1 = TIM1 overflow interrupts enabled
0 = TIM1 overflow interrupts disabled

TSTOP — TIM1 Stop Bit
This read/write bit stops the TIM1 counter. Counting resumes when TSTOP is cleared. Reset sets the 
TSTOP bit, stopping the TIM1 counter until software clears the TSTOP bit.

1 = TIM1 counter stopped
0 = TIM1 counter active

NOTE
Do not set the TSTOP bit before entering wait mode if the TIM1 is required 
to exit wait mode. Also, when the TSTOP bit is set and the timer is 
configured for input capture operation, input captures are inhibited until the 
TSTOP bit is cleared.

TRST — TIM1 Reset Bit
Setting this write-only bit resets the TIM1 counter and the TIM1 prescaler. Setting TRST has no effect 
on any other registers. Counting resumes from $0000. TRST is cleared automatically after the TIM1 
counter is reset and always reads as 0. Reset clears the TRST bit.

1 = Prescaler and TIM1 counter cleared
0 = No effect

NOTE
Setting the TSTOP and TRST bits simultaneously stops the TIM1 counter 
at a value of $0000.

Address: $0020

Bit 7 6 5 4 3 2 1 Bit 0

Read: TOF
TOIE TSTOP

0 0
PS2 PS1 PS0

Write: 0 TRST

Reset: 0 0 1 0 0 0 0 0

= Unimplemented

Figure 17-5. TIM1 Status and Control Register (T1SC)
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I/O Registers
ELSxB and ELSxA — Edge/Level Select Bits
When channel x is an input capture channel, these read/write bits control the active edge-sensing logic 
on channel x.

When channel x is an output compare channel, ELSxB and ELSxA control the channel x output 
behavior when an output compare occurs.

When ELSxB and ELSxA are both clear, channel x is not connected to port D or port F, and pin 
PTDx/T2CHx or pin PTFx/T2CHx is available as a general- purpose I/O pin. Table 18-2 shows how 
ELSxB and ELSxA work. Reset clears the ELSxB and ELSxA bits.

NOTE
After initially enabling a TIM2 channel register for input capture operation 
and selecting the edge sensitivity, clear CHxF to ignore any erroneous 
edge detection flags.

TOVx — Toggle-On-Overflow Bit
When channel x is an output compare channel, this read/write bit controls the behavior of the channel 
x output when the TIM2 counter overflows. When channel x is an input capture channel, TOVx has no 
effect. Reset clears the TOVx bit.

1 = Channel x pin toggles on TIM2 counter overflow.
0 = Channel x pin does not toggle on TIM2 counter overflow.

NOTE
When TOVx is set, a TIM2 counter overflow takes precedence over a 
channel x output compare if both occur at the same time.

Table 18-2. Mode, Edge, and Level Selection

MSxB MSxA ELSxB ELSxA Mode Configuration

X 0 0 0
Output preset

Pin under port control; 
initial output level high

X 1 0 0
Pin under port control; 
initial output level low

0 0 0 1

Input capture

Capture on rising edge only

0 0 1 0 Capture on falling edge only

0 0 1 1
Capture on rising 
or falling edge

0 1 0 0

Output compare 
or PWM

Software compare only

0 1 0 1 Toggle output on compare

0 1 1 0 Clear output on compare

0 1 1 1 Set output on compare

1 X 0 1 Buffered 
output 

compare or 
buffered PWM

Toggle output on compare

1 X 1 0 Clear output on compare

1 X 1 1 Set output on compare
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Timer Interface Module (TIM2)
Address: $0460 T2CH5H

Bit 7 6 5 4 3 2 1 Bit 0

Read:
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8

Write:

Reset: Indeterminate after reset

Address: $0461 T2CH5L

Bit 7 6 5 4 3 2 1 Bit 0

Read:
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

Write:

Reset: Indeterminate after reset

Figure 18-10. TIM2 Channel Registers (T2CH0H/L:T2CH5H/L) (Sheet 3 of 3)
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Development Support
When the internal address bus matches the value written in the break address registers or when software 
writes a 1 to the BRKA bit in the break status and control register, the CPU starts a break interrupt by:

• Loading the instruction register with the SWI instruction
• Loading the program counter with $FFFC and $FFFD ($FEFC and $FEFD in monitor mode)

The break interrupt timing is:
• When a break address is placed at the address of the instruction opcode, the instruction is not 

executed until after completion of the break interrupt routine.
• When a break address is placed at an address of an instruction operand, the instruction is executed 

before the break interrupt.
• When software writes a 1 to the BRKA bit, the break interrupt occurs just before the next instruction 

is executed.

By updating a break address and clearing the BRKA bit in a break interrupt routine, a break interrupt can 
be generated continuously.

CAUTION
A break address should be placed at the address of the instruction opcode. 
When software does not change the break address and clears the BRKA 
bit in the first break interrupt routine, the next break interrupt will not be 
generated after exiting the interrupt routine even when the internal address 
bus matches the value written in the break address registers.

19.2.1.1  Flag Protection During Break Interrupts

The system integration module (SIM) controls whether or not module status bits can be cleared during 
the break state. The BCFE bit in the break flag control register (BFCR) enables software to clear status 
bits during the break state. See 14.7.3 Break Flag Control Register and the Break Interrupts subsection 
for each module.

19.2.1.2  TIM During Break Interrupts

A break interrupt stops the timer counter and inhibits input captures.

19.2.1.3  COP During Break Interrupts

The COP is disabled during a break interrupt when VTST is present on the RST pin.

19.2.2  Break Module Registers

These registers control and monitor operation of the break module:
• Break status and control register (BRKSCR)
• Break address register high (BRKH)
• Break address register low (BRKL)
• Break status register (BSR)
• Break flag control register (BFCR)
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Monitor Module (MON)
19.3  Monitor Module (MON)

The monitor module allows debugging and programming of the microcontroller unit (MCU) through a 
single-wire interface with a host computer. Monitor mode entry can be achieved without use of the higher 
test voltage, VTST, as long as vector addresses $FFFE and $FFFF are blank, thus reducing the hardware 
requirements for in-circuit programming.

Features of the monitor module include:
• Normal user-mode pin functionality
• One pin dedicated to serial communication between MCU and host computer
• Standard non-return-to-zero (NRZ) communication with host computer
• Standard communication baud rate (7200 @ 2-MHz bus frequency)
• Execution of code in random-access memory (RAM) or FLASH
• FLASH memory security feature(1) 
• FLASH memory programming interface
• Monitor mode entry without high voltage, VTST, if reset vector is blank ($FFFE and $FFFF contain 

$FF)
• Normal monitor mode entry if VTST is applied to IRQ

19.3.1  Functional Description

Figure 19-9 shows a simplified diagram of the monitor mode.

The monitor module receives and executes commands from a host computer. 
Figure 19-10 and Figure 19-11 show example circuits used to enter monitor mode and communicate with 
a host computer via a standard RS-232 interface.

Simple monitor commands can access any memory address. In monitor mode, the MCU can execute 
code downloaded into RAM by a host computer while most MCU pins retain normal operating mode 
functions. All communication between the host computer and the MCU is through the PTA0 pin. A 
level-shifting and multiplexing interface is required between PTA0 and the host computer. PTA0 is used 
in a wired-OR configuration and requires a pullup resistor.

Table 19-1 shows the pin conditions for entering monitor mode. As specified in the table, monitor mode 
may be entered after a power-on reset (POR) and will allow communication at 7200 baud provided one 
of the following sets of conditions is met:

• If $FFFE and $FFFF does not contain $FF (programmed state):
– The external clock is 4.0 MHz (7200 baud)
– PTB4 = low
– IRQ = VTST

• If $FFFE and $FFFF do not contain $FF (programmed state):
– The external clock is 8.0 MHz (7200 baud)
– PTB4 = high
– IRQ = VTST

• If $FFFE and $FFFF contain $FF (erased state):
– The external clock is 8.0 MHz (7200 baud)
– IRQ = VDD (this can be implemented through the internal IRQ pullup) or VSS

1. No security feature is absolutely secure. However, Freescale’s strategy is to make reading or copying the FLASH difficult for 
unauthorized users.
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Development Support
 

Figure 19-9. Simplified Monitor Mode Entry Flowchart

MONITOR MODE ENTRY

POR RESET

PTA0 = 1, PTA1 = 0,
PTB0 = 1, AND

PTB1 = 0?

IRQ = VTST?

PTA0 = 1,
PTA1 = 0, RESET
VECTOR BLANK?

YES NO

YESNO

FORCED
MONITOR MODE

NORMAL
USER MODE

NORMAL
MONITOR MODE

INVALID
USER MODE

NO NO

HOST SENDS
8 SECURITY BYTES

IS RESET
POR?

YES YES

YES

NO

ARE ALL
SECURITY BYTES

CORRECT?

NOYES

ENABLE FLASH DISABLE FLASH

EXECUTE
MONITOR CODE

DOES RESET
OCCUR?

CONDITIONS
FROM Table 19-1

DEBUGGING
AND FLASH

PROGRAMMING
(IF FLASH

IS ENABLED)
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B.4  Ordering Information

 
Figure B-3. Device Numbering System

Table B-1. MC Order Numbers

MC Order Number
Operating

Temperature Range
Package

MC908GR32ACFJ –40°C to +85°C
32-pin low-profile
quad flat package

(LQFP)
MC908GR32AVFJ –40°C to +105°C

MC908GR32AMFJ –40°C to +125°C

MC908GR32ACFA –40°C to +85°C
48-pin low-profile
quad flat package

(LQFP)
MC908GR32AVFA –40°C to +105°C

MC908GR32AMFA –40°C to +125°C

MC908GR32ACFU –40°C to +85°C
64-pin quad flat

package
(QFP)

MC908GR32AVFU –40°C to +105°C

MC908GR32AMFU –40°C to +125°C

Temperature designators:
C = –40°C to +85°C
V = –40°C to +105°C
M = –40°C to +125°C

M C 9 0 8 G R X X A X XX E
FAMILY

PACKAGE DESIGNATOR

TEMPERATURE RANGE

Pb FREE
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