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Memory
$0000
I/O REGISTERS

64 BYTES

$FE03 BREAK FLAG CONTROL REGISTER (SBFCR)

↓ $FE04 INTERRUPT STATUS REGISTER 1 (INT1)

$003F $FE05 INTERRUPT STATUS REGISTER 2 (INT2)

$0040
RAM

1024 BYTES

$FE06 INTERRUPT STATUS REGISTER 3 (INT3)

↓ $FE07 RESERVED

$043F $FE08 FLASH CONTROL REGISTER (FLCR)

$0440
UNIMPLEMENTED

192 BYTES

$FE09 BREAK ADDRESS REGISTER HIGH (BRKH)

↓ $FE0A BREAK ADDRESS REGISTER LOW (BRKL)

$04FF $FE0B BREAK STATUS AND CONTROL REGISTER (BRKSCR)

$0500
RESERVED
128 BYTES

$FE0C LVI STATUS REGISTER (LVISR)

↓ $FE0D
UNIMPLEMENTED

3 BYTES
$057F ↓

$0580
UNIMPLEMENTED

5760 BYTES

$FE0F

↓ $FE10 UNIMPLEMENTED
16 BYTES

RESERVED FOR COMPATIBILITY WITH MONITOR CODE
FOR A-FAMILY PART

$1BFF ↓

$1C00
FLASH PROGRAMMING ROUTINES ROM

406 BYTES

$FE1F

↓ $FE20
MONITOR ROM

350 BYTES
$1D95 ↓

$1D96
UNIMPLEMENTED

41,578 BYTES

$FF7D

↓ $FF7E FLASH BLOCK PROTECT REGISTER (FLBPR)

$BFFF $FF7F
UNIMPLEMENTED

93 BYTES
$C000

FLASH MEMORY
15,872 BYTES

↓

↓ $FFDB

$FDFF $FFDC
FLASH VECTORS

36 BYTES
$FE00 BREAK STATUS REGISTER (SBSR) ↓

$FE01 SIM RESET STATUS REGISTER (SRSR) $FFFF(1)

$FE02 RESERVED 1. $FFF6–$FFFD used for eight security bytes

Figure 2-1. Memory Map
MC68HC908GR16A Data Sheet, Rev. 1.0
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Memory
$0024
Timer 1 Counter Modulo
Register Low (T1MODL)

See page 227.

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

Write:

Reset: 1 1 1 1 1 1 1 1

$0025
Timer 1 Channel 0 Status and

Control Register (T1SC0)
See page 230.

Read: CH0F
CH0IE MS0B MS0A ELS0B ELS0A TOV0 CH0MAX

Write: 0

Reset: 0 0 0 0 0 0 0 0

$0026
Timer 1 Channel 0

Register High (T1CH0H)
See page 230.

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

Write:

Reset: Indeterminate after reset

$0027
Timer 1 Channel 0

 Register Low (T1CH0L)
See page 230.

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

Write:

Reset: Indeterminate after reset

$0028
Timer 1 Channel 1 Status and

Control Register (T1SC1)
See page 230.

Read: CH1F
CH1IE

0
MS1A ELS1B ELS1A TOV1 CH1MAX

Write: 0

Reset: 0 0 0 0 0 0 0 0

$0029
Timer 1 Channel 1

Register High (T1CH1H)
See page 230.

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

Write:

Reset: Indeterminate after reset

$002A
Timer 1 Channel 1

Register Low (T1CH1L)
See page 230.

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

Write:

Reset: Indeterminate after reset

$002B
Timer 2 Status and Control

Register (T2SC)
See page 227.

Read: TOF
TOIE TSTOP

0 0
PS2 PS1 PS0

Write: 0 TRST

Reset: 0 0 1 0 0 0 0 0

$002C
Timer 2 Counter

 Register High (T2CNTH)
See page 226.

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

Write:

Reset: 0 0 0 0 0 0 0 0

$002D
Timer 2 Counter

 Register Low (T2CNTL)
See page 226.

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

Write:

Reset: 0 0 0 0 0 0 0 0

$002E
Timer 2 Counter Modulo

Register High (T2MODH)
See page 227.

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

Write:

Reset: 1 1 1 1 1 1 1 1

$002F
Timer 2 Counter Modulo
Register Low (T2MODL)

See page 227.

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

Write:

Reset: 1 1 1 1 1 1 1 1

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 4 of 7)
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Input/Output (I/O) Section
$FE08
FLASH Control Register

(FLCR)
See page 38.

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 235.

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 235.

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 235.

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 113.

Read: LVIOUT 0 0 0 0 0 0 0

Write:

Reset: 0 0 0 0 0 0 0 0

$FF7E
FLASH Block Protect
 Register (FLBPR)(1)

See page 43.

Read:
BPR7 BPR6 BPR5 BPR4 BPR3 BPR2 BPR1 BPR0

Write:

Reset: Unaffected by reset

1. Non-volatile FLASH register

$FFFF
COP Control Register

(COPCTL)
See page 81.

Read: Low byte of reset vector

Write: Writing clears COP counter (any value)

Reset: Unaffected by reset

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 7 of 7)
MC68HC908GR16A Data Sheet, Rev. 1.0
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Chapter 3 
Analog-to-Digital Converter (ADC)

3.1  Introduction

This section describes the 10-bit analog-to-digital converter (ADC).

3.2  Features

Features of the ADC module include:
• Eight channels with multiplexed input
• Linear successive approximation with monotonicity
• 10-bit resolution
• Single or continuous conversion
• Conversion complete flag or conversion complete interrupt
• Selectable ADC clock
• Left or right justified result
• Left justified sign data mode

3.3  Functional Description

The ADC provides eight pins for sampling external sources at pins PTB7/KBD7–PTB0/KBD0. An analog 
multiplexer allows the single ADC converter to select one of eight ADC channels as ADC voltage in 
(VADIN). VADIN is converted by the successive approximation register-based analog-to-digital converter. 
When the conversion is completed, ADC places the result in the ADC data register and sets a flag or 
generates an interrupt. See Figure 3-2.

3.3.1  ADC Port I/O Pins

PTB7/AD7–PTB0/AD0 are general-purpose I/O (input/output) pins that share with the ADC channels. The 
channel select bits define which ADC channel/port pin will be used as the input signal. The ADC overrides 
the port I/O logic by forcing that pin as input to the ADC. The remaining ADC channels/port pins are 
controlled by the port I/O logic and can be used as general-purpose I/O. Writes to the port register or data 
direction register (DDR) will not have any affect on the port pin that is selected by the ADC. A read of a 
port pin in use by the ADC will return a 0.
MC68HC908GR16A Data Sheet, Rev. 1.0
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Monotonicity
is used when compatibility with 8-bit ADC designs are required. No interlocking between ADRH and ADRL 
is present.

NOTE
Quantization error is affected when only the most significant eight bits are 
used as a result. See Figure 3-3.

Figure 3-3. Bit Truncation Mode Error

3.4  Monotonicity

The conversion process is monotonic and has no missing codes.

3.5  Interrupts

When the AIEN bit is set, the ADC module is capable of generating CPU interrupts after each ADC 
conversion. A CPU interrupt is generated if the COCO bit is at 0. The COCO bit is not used as a 
conversion complete flag when interrupts are enabled.

3.6  Low-Power Modes

The WAIT and STOP instruction can put the MCU in low power-consumption standby modes.

IDEAL 10-BIT CHARACTERISTIC 
WITH QUANTIZATION = ±1/2

IDEAL 8-BIT CHARACTERISTIC 
WITH QUANTIZATION = ±1/2

10-BIT TRUNCATED 
TO 8-BIT RESULT

WHEN TRUNCATION IS USED,
ERROR FROM IDEAL 8-BIT = 3/8 LSB 
DUE TO NON-IDEAL QUANTIZATION.

000

001

002

003

004

005

006

007

008

009

00A

00B

000

001

002

003

8-BIT 
RESULT

10-BIT 
RESULT

INPUT VOLTAGE 
REPRESENTED AS 10-BIT

INPUT VOLTAGE 
REPRESENTED AS 8-BIT

1/2 2 1/2 4 1/2 6 1/2 8 1/2
1 1/2 3 1/2 5 1/2 7 1/2 9 1/2

1/2 2 1/21 1/2
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Analog-to-Digital Converter (ADC)
3.6.1  Wait Mode

The ADC continues normal operation during wait mode. Any enabled CPU interrupt request from the ADC 
can bring the MCU out of wait mode. If the ADC is not required to bring the MCU out of wait mode, power 
down the ADC by setting ADCH4–ADCH0 bits in the ADC status and control register before executing the 
WAIT instruction.

3.6.2  Stop Mode

The ADC module is inactive after the execution of a STOP instruction. Any pending conversion is aborted. 
ADC conversions resume when the MCU exits stop mode after an external interrupt. Allow one 
conversion cycle to stabilize the analog circuitry.

3.7  I/O Signals

The ADC module has eight pins shared with port B, PTB7/AD7–PTB0/AD0.

3.7.1  ADC Analog Power Pin (VDDAD)

The ADC analog portion uses VDDAD as its power pin. Connect the VDDAD pin to the same voltage 
potential as VDD. External filtering may be necessary to ensure clean VDDAD for good results.

NOTE
For maximum noise immunity, route VDDAD carefully and place bypass 
capacitors as close as possible to the package.

VDDAD and VREFH are double-bonded on the MC68HC908GR16A.

3.7.2  ADC Analog Ground Pin (VSSAD)

The ADC analog portion uses VSSAD as its ground pin. Connect the VSSAD pin to the same voltage 
potential as VSS.

NOTE
Route VSSAD cleanly to avoid any offset errors.

VSSAD and VREFL are double-bonded on the MC68HC908GR16A.

3.7.3  ADC Voltage Reference High Pin (VREFH)

The ADC analog portion uses VREFH as its upper voltage reference pin. By default, connect the VREFH 
pin to the same voltage potential as VDD. External filtering is often necessary to ensure a clean VREFH for 
good results. Any noise present on this pin will be reflected and possibly magnified in A/D conversion 
values.

NOTE
For maximum noise immunity, route VREFH carefully and place bypass 
capacitors as close as possible to the package. Routing VREFH close and 
parallel to VREFL may improve common mode noise rejection.

VDDAD and VREFH are double-bonded on the MC68HC908GR16A.
MC68HC908GR16A Data Sheet, Rev. 1.0
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Clock Generator Module (CGM)
4. Select a VCO frequency multiplier, N.

5. Calculate and verify the adequacy of the VCO and bus frequencies fVCLK and fBUS.

6. Select the VCO’s power-of-two range multiplier E, according to Table 4-2.

7. Select a VCO linear range multiplier, L, where fNOM = 71.4 kHz

8. Calculate and verify the adequacy of the VCO programmed center-of-range frequency, fVRS. The 
center-of-range frequency is the midpoint between the minimum and maximum frequencies 
attainable by the PLL.

fVRS = (L x 2E) fNOM

9. For proper operation, 

10. Verify the choice of N, E, and L by comparing fVCLK to fVRS and fVCLKDES. For proper operation, 
fVCLK must be within the application’s tolerance of fVCLKDES, and fVRS must be as close as possible 
to fVCLK.

NOTE
Exceeding the recommended maximum bus frequency or VCO frequency 
can crash the MCU.

11. Program the PLL registers accordingly:
a. In the VPR bits of the PLL control register (PCTL), program the binary equivalent of E.

b. In the PLL multiplier select register low (PMSL) and the PLL multiplier select register high 
(PMSH), program the binary equivalent of N. If using a 1–8 MHz reference, the PMSL register 
must be reprogrammed from the reset value before enabling the PLL. 

c. In the PLL VCO range select register (PMRS), program the binary coded equivalent of L.

Table 4-2. Power-of-Two Range Selectors

Frequency Range E

0 < fVCLK ≤ 8 MHz 0

8 MHz< fVCLK ≤ 16 MHz 1

16 MHz< fVCLK ≤ 32 MHz 2(1)

1. Do not program E to a value of 3.

N round
fVCLKDES

fRCLK
--------------------------
⎝ ⎠
⎜ ⎟
⎛ ⎞

=

fVCLK N( ) fRCLK×=

fBUS fVCLK( ) 4⁄=

L = Round
fVCLK

2E x fNOM

fVRS fVCLK–
fNOM 2

E×
2

---------------------------≤
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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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Keyboard Interrupt Module (KBI)
The vector fetch or software clear and the return of all enabled keyboard interrupt pins to a high level may 
occur in any order.

If the MODEK bit is clear, the keyboard interrupt pin is falling-edge-sensitive only. With MODEK clear, a 
vector fetch or software clear immediately clears the keyboard interrupt request.

Reset clears the keyboard interrupt request and the MODEK bit, clearing the interrupt request even if a 
keyboard interrupt pin stays low.

The keyboard flag bit (KEYF) in the keyboard status and control register can be used to see if a pending 
interrupt exists. The KEYF bit is not affected by the keyboard interrupt mask bit (IMASKK) which makes 
it useful in applications where polling is preferred.

To determine the logic level on a keyboard interrupt pin, use the data direction register to configure the 
pin as an input and read the data register.

NOTE
Setting a keyboard interrupt enable bit (KBIEx) forces the corresponding 
keyboard interrupt pin to be an input, overriding the data direction register. 
However, the data direction register bit must be a 0 for software to read the 
pin.

9.4  Keyboard Initialization

When a keyboard interrupt pin is enabled, it takes time for the internal pullup to reach a 1. Therefore, a 
false interrupt can occur as soon as the pin is enabled.

To prevent a false interrupt on keyboard initialization:
1. Mask keyboard interrupts by setting the IMASKK bit in the keyboard status and control register.
2. Enable the KBI pins by setting the appropriate KBIEx bits in the keyboard interrupt enable register.
3. Write to the ACKK bit in the keyboard status and control register to clear any false interrupts.
4. Clear the IMASKK bit.

An interrupt signal on an edge-triggered pin can be acknowledged immediately after enabling the pin. An 
interrupt signal on an edge- and level-triggered interrupt pin must be acknowledged after a delay that 
depends on the external load.

Another way to avoid a false interrupt:
1. Configure the keyboard pins as outputs by setting the appropriate DDRA bits in data direction 

register A.
2. Write 1s to the appropriate port A data register bits.
3. Enable the KBI pins by setting the appropriate KBIEx bits in the keyboard interrupt enable register.

9.5  Low-Power Modes

The WAIT and STOP instructions put the microcontroller unit (MCU) in low power-consumption standby 
modes.

9.5.1  Wait Mode

The keyboard module remains active in wait mode. Clearing the IMASKK bit in the keyboard status and 
control register enables keyboard interrupt requests to bring the MCU out of wait mode.
MC68HC908GR16A Data Sheet, Rev. 1.0
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Low-Voltage Inhibit (LVI)
11.6.1  Wait Mode

If enabled, the LVI module remains active in wait mode. If enabled to generate resets, the LVI module can 
generate a reset and bring the MCU out of wait mode.

11.6.2  Stop Mode

If enabled in stop mode (LVISTOP bit in the configuration register is set), the LVI module remains active 
in stop mode. If enabled to generate resets, the LVI module can generate a reset and bring the MCU out 
of stop mode.
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Port E
12.5.3  Port D Input Pullup Enable Register

The port D input pullup enable register (PTDPUE) contains a software configurable pullup device for each 
of the eight port D pins. Each bit is individually configurable and requires that the data direction register, 
DDRD, bit be configured as an input. Each pullup is automatically and dynamically disabled when a port 
bit’s DDRD is configured for output mode. 

PTDPUE7–PTDPUE0 — Port D Input Pullup Enable Bits
These writable bits are software programmable to enable pullup devices on an input port bit.

1 = Corresponding port D pin configured to have internal pullup
0 = Corresponding port D pin has internal pullup disconnected

12.6  Port E

Port E is a 6-bit special-function port that shares two of its pins with the enhanced serial communications 
interface (ESCI) module.

12.6.1  Port E Data Register 

The port E data register contains a data latch for each of the six port E pins.

PTE5-PTE0 — Port E Data Bits
These read/write bits are software-programmable. Data direction of each port E pin is under the control 
of the corresponding bit in data direction register E. Reset has no effect on port E data.

NOTE
Data direction register E (DDRE) does not affect the data direction of port 
E pins that are being used by the ESCI module. However, the DDRE bits 
always determine whether reading port E returns the states of the latches 
or the states of the pins. See Table 12-6.

Address: $000F

Bit 7 6 5 4 3 2 1 Bit 0

Read:
PTDPUE7 PTDPUE6 PTDPUE5 PTDPUE4 PTDPUE3 PTDPUE2 PTDPUE1 PTDPUE0

Write:

Reset: 0 0 0 0 0 0 0 0

Figure 12-16. Port D Input Pullup Enable Register (PTDPUE)

Address: $0008

Bit 7 6 5 4 3 2 1 Bit 0

Read: 0 0
PTE5 PTE4 PTE3 PTE2 PTE1 PTE0

Write:

Reset: Unaffected by reset

Alternative
Function:

RxD TxD

= Unimplemented

Figure 12-17. Port E Data Register (PTE)
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Resets
If the stop enable bit, STOP, in the CONFIG1 register is a 0, the STOP instruction causes an illegal 
opcode reset. 

13.2.3.5  Illegal Address Reset

An illegal address reset is an internal reset caused by opcode fetch from an unmapped address. An illegal 
address reset sets the ILAD bit in the SIM reset status register.

A data fetch from an unmapped address does not generate a reset.

13.2.4  System Integration Module (SIM) Reset Status Register

This read-only register contains flags to show reset sources. All flag bits are automatically cleared 
following a read of the register. Reset service can read the SIM reset status register to clear the register 
after power-on reset and to determine the source of any subsequent reset.

The register is initialized on power-up as shown with the POR bit set and all other bits cleared. During a 
POR or any other internal reset, the RST pin is pulled low. After the pin is released, it will be sampled 32 
CGMXCLK cycles later. If the pin is not above a VIH at that time, then the PIN bit in the SRSR may be set 
in addition to whatever other bits are set.

NOTE
Only a read of the SIM reset status register clears all reset flags. After 
multiple resets from different sources without reading the register, multiple 
flags remain set.

 

POR — Power-On Reset Flag
1 = Power-on reset since last read of SRSR
0 = Read of SRSR since last power-on reset

PIN — External Reset Flag
1 = External reset via RST pin since last read of SRSR
0 = POR or read of SRSR since any reset

COP — Computer Operating Properly Reset Bit
1 = Last reset caused by timeout of COP counter
0 = POR or read of SRSR since any reset

ILOP — Illegal Opcode Reset Bit
1 = Last reset caused by an illegal opcode
0 = POR or read of SRSR since any reset

ILAD — Illegal Address Reset Bit
1 = Last reset caused by an opcode fetch from an illegal address
0 = POR or read of SRSR since any reset

Address: $FE01

Bit 7 6 5 4 3 2 1 Bit 0

Read: POR PIN COP ILOP ILAD MODRST LVI 0

Write:

POR: 1 0 0 0 0 0 0 0

= Unimplemented

Figure 13-2. SIM Reset Status Register (SRSR)
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Resets and Interrupts
Interrupts must be acknowledged by writing a 1 to the TACK bit.

13.3.3  Interrupt Status Registers

The flags in the interrupt status registers identify maskable interrupt sources.
Table 13-2 summarizes the interrupt sources and the interrupt status register flags that they set. The 
interrupt status registers can be useful for debugging.

13.3.3.1  Interrupt Status Register 1

IF6–IF1 — Interrupt Flags 6–1
These flags indicate the presence of interrupt requests from the sources shown in Table 13-2.

1 = Interrupt request present
0 = No interrupt request present

Bit 1 and Bit 0 — Always read 0

Table 13-2. Interrupt Source Flags

Interrupt Source Interrupt Status Register Flag

Reset —

SWI instruction —

IRQ pin IF1

CGM change of lock IF2

TIM1 channel 0 IF3

TIM1 channel 1 IF4

TIM1 overflow IF5

TIM2 channel 0 IF6

TIM2 channel 1 IF7

TIM2 overflow IF8

SPI receive IF9

SPI transmit IF10

SCI error IF11

SCI receive IF12

SCI transmit IF13

Keyboard IF14

ADC conversion complete IF15

Timebase IF16

Address: $FE04

Bit 7 6 5 4 3 2 1 Bit 0

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

R  = Reserved

Figure 13-6. Interrupt Status Register 1 (INT1)
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Enhanced Serial Communications Interface (ESCI) Module
If start bit verification is not successful, the RT clock is reset and a new search for a start bit begins.

To determine the value of a data bit and to detect noise, recovery logic takes samples at RT8, RT9, and 
RT10. Table 14-3 summarizes the results of the data bit samples.

NOTE
The RT8, RT9, and RT10 samples do not affect start bit verification. If any 
or all of the RT8, RT9, and RT10 start bit samples are 1s following a 
successful start bit verification, the noise flag (NF) is set and the receiver 
assumes that the bit is a start bit.

To verify a stop bit and to detect noise, recovery logic takes samples at RT8, RT9, and RT10. Table 14-4 
summarizes the results of the stop bit samples.

14.4.3.4  Framing Errors

If the data recovery logic does not detect a 1 where the stop bit should be in an incoming character, it sets 
the framing error bit, FE, in SCS1. A break character also sets the FE bit because a break character has 
no stop bit. The FE bit is set at the same time that the SCRF bit is set.

14.4.3.5  Baud Rate Tolerance

A transmitting device may be operating at a baud rate below or above the receiver baud rate. 
Accumulated bit time misalignment can cause one of the three stop bit data samples to fall outside the 
actual stop bit. Then a noise error occurs. If more than one of the samples is outside the stop bit, a framing 

Table 14-3. Data Bit Recovery

RT8, RT9, and RT10 Samples Data Bit Determination Noise Flag

000 0 0

001 0 1

010 0 1

011 1 1

100 0 1

101 1 1

110 1 1

111 1 0

Table 14-4. Stop Bit Recovery

RT8, RT9, and RT10 Samples Framing Error Flag Noise Flag

000 1 0

001 1 1

010 1 1

011 0 1

100 1 1

101 0 1

110 0 1

111 0 0
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SIM Registers
15.7.3  SIM Break Flag Control Register 

The SIM break flag control register (SBFCR) contains a bit that enables software to clear status bits while 
the MCU is in a break state.

BCFE — Break Clear Flag Enable Bit
This read/write bit enables software to clear status bits by accessing status registers while the MCU is 
in a break state. To clear status bits during the break state, the BCFE bit must be set.

1 = Status bits clearable during break
0 = Status bits not clearable during break

Address: $FE03

Bit 7 6 5 4 3 2 1 Bit 0

Read:
BCFE R R R R R R R

Write:

Reset: 0

R = Reserved

Figure 15-22. SIM Break Flag Control Register (SBFCR)
MC68HC908GR16A Data Sheet, Rev. 1.0

Freescale Semiconductor 189



Timer Interface Module (TIM1 and TIM2)
into the TIM channel registers, TCHxH:TCHxL. The polarity of the active edge is programmable. Input 
captures can generate TIM CPU interrupt requests.

18.4.3  Output Compare

With the output compare function, the TIM 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 TIM can set, clear, or toggle the channel pin. Output compares can generate TIM CPU 
interrupt requests.

18.4.3.1  Unbuffered Output Compare

Any output compare channel can generate unbuffered output compare pulses as described in 18.4.3 
Output Compare. The pulses are unbuffered because changing the output compare value requires writing 
the new value over the old value currently in the TIM channel registers.

An unsynchronized write to the TIM 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 TIM overflow interrupt routine to write a new, smaller output 
compare value may cause the compare to be missed. The TIM 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 TIM overflow interrupts and write the new 
value in the TIM overflow interrupt routine. The TIM 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. 

18.4.3.2  Buffered Output Compare

Channels 0 and 1 can be linked to form a buffered output compare channel whose output appears on the 
TCH0 pin. The TIM channel registers of the linked pair alternately control the output.

Setting the MS0B bit in TIM channel 0 status and control register (TSC0) links channel 0 and channel 1. 
The output compare value in the TIM channel 0 registers initially controls the output on the TCH0 pin. 
Writing to the TIM channel 1 registers enables the TIM channel 1 registers to synchronously control the 
output after the TIM overflows. At each subsequent overflow, the TIM channel registers (0 or 1) that 
control the output are the ones written to last. TSC0 controls and monitors the buffered output compare 
function, and TIM channel 1 status and control register (TSC1) is unused. While the MS0B bit is set, the 
channel 1 pin, TCH1, 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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I/O Registers
NOTE
Before enabling a TIM channel register for input capture operation, make 
sure that the PTD/TCHx pin is stable for at least two bus clocks.

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 TIM 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 TIM counter overflow.
0 = Channel x pin does not toggle on TIM counter overflow.

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

CHxMAX — Channel x Maximum Duty Cycle Bit
When the TOVx bit is at 1, setting the CHxMAX bit forces the duty cycle of buffered and unbuffered 
PWM signals to 100%. As Figure 18-12 shows, the CHxMAX bit takes effect in the cycle after it is set 
or cleared. The output stays at the 100% duty cycle level until the cycle after CHxMAX is cleared.

NOTE
The 100% PWM duty cycle is defined as a continuous high level if the PWM 
polarity is 1 and a continuous low level if the PWM polarity is 0. Conversely, 
a 0% PWM duty cycle is defined as a continuous low level if the PWM 
polarity is 1 and a continuous high level if the PWM polarity is 0.

Figure 18-12. CHxMAX Latency

Table 18-3. 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

OUTPUT

OVERFLOW

TCHx

PERIOD

CHxMAX

OVERFLOW OVERFLOW OVERFLOW OVERFLOW

COMPARE
OUTPUT

COMPARE
OUTPUT

COMPARE
OUTPUT

COMPARE
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Electrical Specifications
Capacitance
Ports (as input or output) 

COut
CIn

—
—

—
—

12
8

pF

Monitor mode entry voltage VTST VDD + 2.5 — VDD + 4.0 V

Low-voltage inhibit, trip falling voltage VTRIPF 3.90 4.25 4.50 V

Low-voltage inhibit, trip rising voltage VTRIPR 4.20 4.35 4.60 V

Low-voltage inhibit reset/recover hysteresis
(VTRIPF + VHYS = VTRIPR)

VHYS — 100 — mV

POR rearm voltage(8) VPOR 0 — 100 mV

POR reset voltage(9) VPORRST 0 700 800 mV

POR rise time ramp rate(10) RPOR 0.035 — — V/ms

1. VDD = 5.0 Vdc ± 10%, VSS = 0 Vdc, TA = TA (min) to TA (max), unless otherwise noted
2. Typical values reflect average measurements at midpoint of voltage range, 25°C only.
3. Run (operating) IDD measured using external square wave clock source (fOSC = 32 MHz). All inputs 0.2 V from rail. No dc 

loads. Less than 100 pF on all outputs. CL = 20 pF on OSC2. All ports configured as inputs. OSC2 capacitance linearly 
affects run IDD. Measured with all modules enabled.

4. Wait IDD measured using external square wave clock source (fOSC = 32 MHz). All inputs 0.2 V from rail. No dc loads. Less 
than 100 pF on all outputs. CL = 20 pF on OSC2. All ports configured as inputs. OSC2 capacitance linearly affects wait 
IDD. Measured with CGM and LVI enabled.

5. Stop IDD is measured with OSC1 = VSS. All inputs 0.2 V from rail. No dc loads. Less than 100 pF on all outputs. All ports 
configured as inputs. Typical values at midpoint of voltage range, 25°C only.

6. Stop IDD with TBM enabled is measured using an external square wave clock source (fOSC = 32 MHz). All inputs 0.2 V 
from rail. No dc loads. Less than 100 pF on all outputs. All inputs configured as inputs.

7. Pullups and pulldowns are disabled. Port B leakage is specified in 20.10 5.0-Volt ADC Characteristics.
8. Maximum is highest voltage that POR is guaranteed.
9. Maximum is highest voltage that POR is possible.
10. If minimum VDD is not reached before the internal POR reset is released, RST must be driven low externally until minimum 

VDD is reached.

Characteristic(1) Symbol Min Typ(2) Max Unit
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5.0-Volt Control Timing
20.7  5.0-Volt Control Timing

20.8  3.3-Volt Control Timing

Figure 20-1. RST and IRQ Timing

Characteristic(1)

1. VSS = 0 Vdc; timing shown with respect to 20% VDD and 70% VDD unless otherwise noted.

Symbol Min Max Unit

Frequency of operation
Crystal option
External clock option(2)

2. No more than 10% duty cycle deviation from 50%.

fOSC 1
dc

8
32

MHz

Internal operating frequency fOP (fBus) — 8 MHz

Internal clock period (1/fOP) tCYC 125 — ns

RST input pulse width low tRL 50 — ns

IRQ interrupt pulse width low (edge-triggered) tILIH 50 — ns

IRQ interrupt pulse period tILIL Note(3)

3. The minimum period is the number of cycles it takes to execute the interrupt service routine plus 1 tCYC.

— tCYC

Characteristic(1)

1. VSS = 0 Vdc; timing shown with respect to 20% VDD and 70% VDD unless otherwise noted.

Symbol Min Max Unit

Frequency of operation
Crystal option
External clock option(2)

2. No more than 10% duty cycle deviation from 50%.

fOSC 1
dc

8
16

MHz

Internal operating frequency fOP (fBus) — 4 MHz

Internal clock period (1/fOP) tCYC 250 — ns

RST input pulse width low tRL 125 — ns

IRQ interrupt pulse width low (edge-triggered) tILIH 125 — ns

IRQ interrupt pulse period tILIL Note(3)

3. The minimum period is the number of cycles it takes to execute the interrupt service routine plus 1 tCYC.

— tCYC

RST

IRQ

tRL

tILIH

tILIL
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