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General Description
Figure 1-1. Block Diagram

All port pins can be configured with internal pullup
PTC not available on 16-pin devices (see note in 11.1 Introduction)
PTD not available on 16-pin or 20-pin devices (see note in 11.1 Introduction)
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Pin Functions
Figure 1-2. MC68HC908QC16, MC68HC908QC8, and MC68HC908QC4 Pin Assignments
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NOTE: T2CH0 and T2CH1 can be repositioned using TIM2POS in CONFIG2.
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Chapter 2
Memory

2.1  Introduction

The central processor unit (CPU08) can address 64 Kbytes of memory space. The memory map is shown
in Figure 2-1.

2.2  Unimplemented Memory Locations

Executing code from an unimplemented location will cause an illegal address reset. In Figure 2-1,
unimplemented locations are shaded.

2.3  Reserved Memory Locations

Accessing a reserved location can have unpredictable effects on MCU operation. In Figure 2-1, reserved
locations are marked with the word reserved or with the letter R.

2.4  Direct Page Registers

Figure 2-2 shows the memory mapped registers. Registers with addresses between $0000 and $00FF
are considered direct page registers and all instructions including those with direct page addressing
modes can access them. Registers between $0100 and $FFFF require non-direct page addressing
modes. See Chapter 6 Central Processor Unit (CPU) for more information on addressing modes.
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Memory
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↓

$023F

RAM
512 BYTES

RAM
384 BYTES
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↓
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Figure 2-1. Memory Map
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Chapter 5
Computer Operating Properly (COP)

5.1  Introduction

The computer operating properly (COP) module contains a free-running counter that generates a reset if
allowed to overflow. The COP module helps software recover from runaway code. Prevent a COP reset
by clearing the COP counter periodically. The COP module can be disabled through the COPD bit in the
configuration 1 (CONFIG1) register.

5.2  Functional Description

Figure 5-1. COP Block Diagram

1. See Chapter 14 System Integration Module (SIM) for more details.

COPCTL WRITE

BUSCLKX4

STOP INSTRUCTION

SIM RESET CIRCUIT

RESET STATUS REGISTER

INTERNAL RESET SOURCES(1)

SIM MODULE

CL
EA

R 
ST

AG
ES

 5
–1

2

12-BIT SIM COUNTER

CL
EA

R 
AL

L 
ST

AG
ES

COPD (FROM CONFIG1)

RESET

COPCTL WRITE

CLEAR

COP MODULE

COPEN (FROM SIM)

COP CLOCK

CO
P 

TI
M

EO
UT

COP RATE SELECT
 (COPRS FROM CONFIG1)

6-BIT COP COUNTER

COP COUNTER
MC68HC908QC16 • MC68HC908QC8 • MC68HC908QC4 Data Sheet, Rev. 5

Freescale Semiconductor 63



Computer Operating Properly (COP)
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Central Processor Unit (CPU)
Figure 6-1. CPU Registers

6.3.1  Accumulator

The accumulator is a general-purpose 8-bit register. The CPU uses the accumulator to hold operands
and the results of arithmetic/logic operations.

6.3.2  Index Register

The 16-bit index register allows indexed addressing of a 64-Kbyte memory space. H is the upper byte of
the index register, and X is the lower byte. H:X is the concatenated 16-bit index register.

In the indexed addressing modes, the CPU uses the contents of the index register to determine the
conditional address of the operand.

The index register can serve also as a temporary data storage location.

Bit 7 6 5 4 3 2 1 Bit 0

Read:

Write:

Reset: Unaffected by reset

Figure 6-2. Accumulator (A)

Bit
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

Bit
0

Read:

Write:

Reset: 0 0 0 0 0 0 0 0 X X X X X X X X
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Figure 6-3. Index Register (H:X)
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Registers
8.8.3  Keyboard Interrupt Polarity Register (KBIPR)

KBIPR determines the polarity of the enabled keyboard interrupt pin and enables the appropriate pullup
or pulldown device.

KBIP5–KBIP0 — Keyboard Interrupt Polarity Bits
Each of these read/write bits enables the polarity of the keyboard interrupt detection.

1 = Keyboard polarity is high level and/or rising edge
0 = Keyboard polarity is low level and/or falling edge

Bit 7 6 5 4 3 2 1 Bit 0

Read: 0 0
KBIP5 KBIP4 KBIP3 KBIP2 KBIP1 KBIP0

Write:

Reset: 0 0 0 0 0 0 0 0

= Unimplemented

Figure 8-5. Keyboard Interrupt Polarity Register (KBIPR)
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Oscillator Mode (OSC)
OSCOPT1:OSCOPT0 — OSC Option Bits
These read/write bits allow the user to change the clock source for the MCU. The default reset
condition has the bus clock being derived from the internal oscillator. See 10.3.2.2 Internal to External
Clock Switching for information on changing clock sources.

ICFS1:ICFS0 — Internal Clock Frequency Select Bits
These read/write bits enable the frequency to be increased for applications requiring a faster bus clock
when running off the internal oscillator. The WAIT instruction has no effect on the oscillator logic.
BUSCLKX2 and BUSCLKX4 continue to drive to the SIM module.

ECFS1:ECFS0 — External Crystal Frequency Select Bits
These read/write bits enable the specific amplifier for the crystal frequency range. Refer to oscillator
characteristics table in the Electricals section for information on maximum external clock frequency
versus supply voltage.

ECGON — External Clock Generator On Bit
This read/write bit enables the OSC1 pin as the clock input to the MCU, so that the switching process
can be initiated. This bit is cleared by reset. This bit is ignored in monitor mode with the internal
oscillator bypassed.

1 = External clock enabled
0 = External clock disabled

Bit 7 6 5 4 3 2 1 Bit 0

Read:
OSCOPT1 OSCOPT0 ICFS1 ICFS0 ECFS1 ECFS0 ECGON

ECGST

Write:

Reset: 0 0 0 0 0 0 0 0

= Unimplemented

Figure 10-4. Oscillator Status and Control Register (OSCSC)

OSCOPT1 OSCOPT0  Oscillator Modes

0 0 Internal oscillator (frequency selected using ICFSx bits)

0 1 External oscillator clock

1 0 External RC

1 1 External crystal (range selected using ECFSx bits)

ICFS1 ICFS0 Internal Clock Frequency

0 0 4.0 MHz — default reset condition

0 1 8.0 MHz

1 0 12.8 MHz

1 1 25.6 MHz

ECFS1 ECFS0 External Crystal Frequency

0 0 8 MHz – 32 MHz

0 1 1 MHz – 8 MHz

1 0 32 kHz – 100 kHz

1 1 Reserved
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Chapter 11
Input/Output Ports (PORTS)

11.1  Introduction

The MC68HC908QC16 has up to 24 bidirectional input-output (I/O) pins and two input only pins
depending on the package selection. All I/O pins are programmable as inputs and outputs.

11.2  Unused Pin Termination

Input pins and I/O port pins that are not used in the application must be terminated. This prevents excess
current caused by floating inputs, and enhances immunity during noise or transient events. Termination
methods include:

1. Configuring unused pins as outputs and driving high or low;
2. Configuring unused pins as inputs and enabling internal pull-ups;
3. Configuring unused pins as inputs and using external pull-up or pull-down resistors.

Never connect unused pins directly to VDD or VSS.

Since some general-purpose I/O pins are not available on all packages, these pins must be terminated
as well. Either method 1 or 2 above are appropriate.

11.3  Port A

Port A is an 6-bit special function port that shares all six of its pins with the keyboard interrupt (KBI)
module (see Chapter 8 Keyboard Interrupt Module (KBI)). Each port A pin also has a software
configurable pullup device if the corresponding port pin is configured as an input port.

NOTE
PTA2 is input only. PTA2 has a high voltage detector to enable entry into
special modes. Do not exceed the VDD level on this pin in normal operation.

When the IRQ function is enabled in the configuration register 2
(CONFIG2), bit 2 of the port A data register (PTA) will always read a 0. In
this case, the BIH and BIL instructions can be used to read the logic level
on the PTA2 pin. When the IRQ function is disabled, these instructions will
behave as if the PTA2 pin is a logic 1. However, reading bit 2 of PTA will
read the actual logic level on the pin.
MC68HC908QC16 • MC68HC908QC8 • MC68HC908QC4 Data Sheet, Rev. 5
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Port A
Figure 11-3 shows the port A I/O logic.

Figure 11-3. Port A I/O Circuit

NOTE
Figure 11-3 does not apply to PTA2.

When DDRAx is a 1, reading address $0000 reads the PTAx data latch. When DDRAx is a 0, reading
address $0000 reads the voltage level on the pin. The data latch can always be written, regardless of the
state of its data direction bit.

11.3.3  Port A Input Pullup Enable Register

The port A input pullup enable register (PTAPUE) contains a software configurable pullup device for each
if the six port A pins. Each bit is individually configurable and requires the corresponding data direction
register, DDRAx, to be configured as input. Each pullup device is automatically and dynamically disabled
when its corresponding DDRAx bit is configured as output.

OSC2EN — Enable PTA4 on OSC2 Pin
This read/write bit configures the OSC2 pin function when internal oscillator or RC oscillator option is
selected. This bit has no effect for the XTAL or external oscillator options.

1 = OSC2 pin outputs the internal or RC oscillator clock (BUSCLKX4)
0 = OSC2 pin configured for PTA4 I/O, having all the interrupt and pullup functions

PTAPUE[5:0] — Port A Input Pullup Enable Bits
These read/write bits are software programmable to enable pullup devices on port A pins.

1 = Corresponding port A pin configured to have internal pull if its DDRA bit is set to 0
0 = Pullup device is disconnected on the corresponding port A pin regardless of the state of its

DDRA bit

Bit 7 6 5 4 3 2 1 Bit 0

Read:
OSC2EN PTAPUE5 PTAPUE4 PTAPUE3 PTAPUE2 PTAPUE1 PTAPUE0

Write:

Reset: 0 0 0 0 0 0 0 0

= Unimplemented

Figure 11-4. Port A Input Pullup Enable Register (PTAPUE)

READ DDRA ($0004)
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Enhanced Serial Communications Interface (ESCI) Module
13.3.3.3  Data Sampling

The receiver samples the RxD pin at the RT clock rate. The RT clock is an internal signal with a frequency
16 times the baud rate. To adjust for baud rate mismatch, the RT clock is resynchronized at these times
(see Figure 13-6):

• After every start bit

• After the receiver detects a data bit change from 1 to 0 (after the majority of data bit samples at
RT8, RT9, and RT10 returns a valid 1 and the majority of the next RT8, RT9, and RT10 samples
returns a valid 0)

To locate the start bit, data recovery logic does an asynchronous search for a 0 preceded by three 1s.
When the falling edge of a possible start bit occurs, the RT clock begins to count to 16.

Figure 13-6. Receiver Data Sampling

To verify the start bit and to detect noise, data recovery logic takes samples at RT3, RT5, and RT7.
Table 13-1 summarizes the results of the start bit verification samples.

If start bit verification is not successful, the RT clock is reset and a new search for a start bit begins.

Table 13-1. Start Bit Verification

RT3, RT5, and RT7 Samples Start Bit Verification Noise Flag

000 Yes 0

001 Yes 1

010 Yes 1

011 No 0

100 Yes 1

101 No 0

110 No 0

111 No 0
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R
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R
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R
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4

R
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R
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2

R
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6

R
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R
T3
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START BIT
QUALIFICATION

START BIT
VERIFICATION

DATA
SAMPLING

SAMPLES

RT
CLOCK

RT CLOCK
STATE

START BIT LSB
RxD
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Functional Description
To determine the value of a data bit and to detect noise, recovery logic takes samples at RT8, RT9, and
RT10. Table 13-2 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 13-3
summarizes the results of the stop bit samples.

13.3.3.4  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.

13.3.3.5  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 13-2. 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 13-3. 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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Enhanced Serial Communications Interface (ESCI) Module
error occurs. In most applications, the baud rate tolerance is much more than the degree of misalignment
that is likely to occur.

As the receiver samples an incoming character, it resynchronizes the RT clock on any valid falling edge
within the character. Resynchronization within characters corrects misalignments between transmitter bit
times and receiver bit times.

Slow Data Tolerance
Figure 13-7 shows how much a slow received character can be misaligned without causing a noise
error or a framing error. The slow stop bit begins at RT8 instead of RT1 but arrives in time for the stop
bit data samples at RT8, RT9, and RT10.

Figure 13-7. Slow Data

For an 8-bit character, data sampling of the stop bit takes the receiver
9 bit times × 16 RT cycles + 10 RT cycles = 154 RT cycles.

With the misaligned character shown in Figure 13-7, the receiver counts 154 RT cycles at the point
when the count of the transmitting device is
9 bit times × 16 RT cycles + 3 RT cycles = 147 RT cycles.

The maximum percent difference between the receiver count and the transmitter count of a slow 8-bit
character with no errors is:

For a 9-bit character, data sampling of the stop bit takes the receiver
10 bit times × 16 RT cycles + 10 RT cycles = 170 RT cycles.

With the misaligned character shown in Figure 13-7, the receiver counts 170 RT cycles at the point
when the count of the transmitting device is
10 bit times × 16 RT cycles + 3 RT cycles = 163 RT cycles.

The maximum percent difference between the receiver count and the transmitter count of a slow 9-bit
character with no errors is:
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Enhanced Serial Communications Interface (ESCI) Module
a valid character that sets the SCRF bit before an idle condition can set the IDLE bit. Also, after the
IDLE bit has been cleared, a valid character must again set the SCRF bit before an idle condition can
set the IDLE bit.

1 = Receiver input idle
0 = Receiver input active (or idle since the IDLE bit was cleared)

OR — Receiver Overrun Bit
This clearable, read-only bit is set when software fails to read the SCDR before the receive shift
register receives the next character. The OR bit generates an ESCI error interrupt request if the ORIE
bit in SCC3 is also set. The data in the shift register is lost, but the data already in the SCDR is not
affected. Clear the OR bit by reading SCS1 with OR set and then reading the SCDR.

1 = Receive shift register full and SCRF = 1
0 = No receiver overrun

Software latency may allow an overrun to occur between reads of SCS1 and SCDR in the flag-clearing
sequence. Figure 13-13 shows the normal flag-clearing sequence and an example of an overrun
caused by a delayed flag-clearing sequence. The delayed read of SCDR does not clear the OR bit
because OR was not set when SCS1 was read. Byte 2 caused the overrun and is lost. The next
flag-clearing sequence reads byte 3 in the SCDR instead of byte 2.

In applications that are subject to software latency or in which it is important to know which byte is lost
due to an overrun, the flag-clearing routine can check the OR bit in a second read of SCS1 after
reading the data register.

Figure 13-13. Flag Clearing Sequence
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Enhanced Serial Communications Interface (ESCI) Module
PDS2–PDS0 — Prescaler Divisor Select Bits
These read/write bits select the prescaler divisor as shown in Table 13-8.

NOTE
The setting of ‘000’ will bypass this prescaler. Do not bypass the prescaler
while ENSCI is set, because unexpected results may occur.

PSSB4–PSSB0 — Clock Insertion Select Bits
These read/write bits select the number of clocks inserted in each 32 output cycle frame to achieve
more timing resolution on the average prescaler frequency as shown in Table 13-9.

Use the following formula to calculate the ESCI baud rate:

where:
SCI clock source = bus clock or BUSCLKX4 (selected by ESCIBDSRC in the configuration register)
BPD = Baud rate register prescaler divisor
BD = Baud rate divisor
PD = Prescaler divisor
PDFA = Prescaler divisor fine adjust

Table 13-10 shows the ESCI baud rates that can be generated with a 4.9152-MHz bus frequency.

Bit 7 6 5 4 3 2 1 Bit 0

Read:
PDS2 PDS1 PDS0 PSSB4 PSSB3 PSSB2 PSSB1 PSSB0

Write:

Reset: 0 0 0 0 0 0 0 0

Figure 13-17. ESCI Prescaler Register (SCPSC)

Table 13-8. ESCI Prescaler Division Ratio

PDS[2:1:0] Prescaler Divisor (PD)

0 0 0 Bypass this prescaler

0 0 1 2

0 1 0 3

0 1 1 4

1 0 0 5

1 0 1 6

1 1 0 7

1 1 1 8

Frequency of the SCI clock source
64 x BPD x BD x (PD + PDFA)Baud rate =
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Timer Interface Module (TIM2)
17.3.4.2  Buffered PWM Signal Generation

Channels 0 and 1 can be linked to form a buffered PWM channel whose output appears on the T2CH0
pin. The TIM2 channel registers of the linked pair alternately control the output.

Setting the MS0B bit in TIM2 channel 0 status and control register (T2SC0) links channel 0 and channel 1.
The TIM2 channel 0 registers initially control the pulse width on the T2CH0 pin. Writing to the TIM2
channel 1 registers enables the TIM2 channel 1 registers to synchronously control the pulse width at the
beginning of the next PWM period. At each subsequent overflow, the TIM2 channel registers (0 or 1) that
control the pulse width are the ones written to last. T2SC0 controls and monitors the buffered PWM
function, and TIM2 channel 1 status and control register (T2SC1) is unused. While the MS0B bit is set,
the channel 1 pin, T2CH1, is available as a general-purpose I/O pin.

NOTE
In buffered PWM signal generation, do not write new pulse width 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 PWM signals.

17.3.4.3  PWM Initialization

To ensure correct operation when generating unbuffered or buffered PWM signals, use the following
initialization procedure:

1. In the TIM2 status and control register (T2SC):
a. Stop the counter by setting the TIM2 stop bit, TSTOP.

b. Reset the counter and prescaler by setting the TIM2 reset bit, TRST.

2. In the TIM2 counter modulo registers (T2MODH:T2MODL), write the value for the required PWM
period.

3. In the TIM2 channel x registers (T2CHxH:T2CHxL), write the value for the required pulse width.
4. In TIM2 channel x status and control register (T2SCx):

a. Write 0:1 (for unbuffered output compare or PWM signals) or 1:0 (for buffered output compare
or PWM signals) to the mode select bits, MSxB:MSxA. See Table 17-2.

b. Write 1 to the toggle-on-overflow bit, TOVx.

c. Write 1:0 (polarity 1 — to clear output on compare) or 1:1 (polarity 0 — to set output on
compare) to the edge/level select bits, ELSxB:ELSxA. The output action on compare must
force the output to the complement of the pulse width level. See Table 17-2.

NOTE
In PWM signal generation, do not program the PWM channel to toggle on
output compare. Toggling on output compare prevents reliable 0% duty
cycle generation and removes the ability of the channel to self-correct in the
event of software error or noise. Toggling on output compare can also
cause incorrect PWM signal generation when changing the PWM pulse
width to a new, much larger value.

5. In the TIM2 status control register (T2SC), clear the TIM2 stop bit, TSTOP.
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Development Support
18.2.2  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)

18.2.2.1  Break Status and Control Register

The break status and control register (BRKSCR) contains break module enable and status bits.

BRKE — Break Enable Bit
This read/write bit enables breaks on break address register matches. Clear BRKE by writing a 0 to
bit 7. Reset clears the BRKE bit.

1 = Breaks enabled on 16-bit address match
0 = Breaks disabled

BRKA — Break Active Bit
This read/write status and control bit is set when a break address match occurs. Writing a 1 to BRKA
generates a break interrupt. Clear BRKA by writing a 0 to it before exiting the break routine. Reset
clears the BRKA bit.

1 = Break address match
0 = No break address match

18.2.2.2  Break Address Registers

The break address registers (BRKH and BRKL) contain the high and low bytes of the desired breakpoint
address. Reset clears the break address registers.

Bit 7 6 5 4 3 2 1 Bit 0

Read:
BRKE BRKA

0 0 0 0 0 0

Write:

Reset: 0 0 0 0 0 0 0 0

= Unimplemented

Figure 18-3. Break Status and Control Register (BRKSCR)

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: 0 0 0 0 0 0 0 0

Figure 18-4. Break Address Register High (BRKH)

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: 0 0 0 0 0 0 0 0

Figure 18-5. Break Address Register Low (BRKL)
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Electrical Specifications
19.12  Supply Current Characteristics

Characteristic(1)

1. VSS = 0 Vdc, TA = TL to TH, unless otherwise noted.

Voltage
Bus

Frequency
(MHz)

Symbol Typ(2)

2. Typical values reflect average measurement at 25°C only. Typical values are for reference only and are not tested in
production.

Max Unit

Run mode VDD supply current(3)

3. Run (operating) IDD measured using trimmed internal oscillator, ADC off, all modules enabled. All pins configured as inputs
and tied to 0.2 V from rail.

5.0
3.3

3.2
3.2

RIDD
5.0
2.6

8.5
4.5

mA

Wait mode VDD supply current(4)

4. Wait IDD measured using trimmed internal oscillator, ADC off, all modules enabled. All pins configured as inputs and tied to
0.2 V from rail.

5.0
3.3

3.2
3.2

WIDD
1.8
1.2

3.3
2.2

mA

Stop mode VDD supply current(5)

–40 to 85°C
–40 to 105°C
–40 to 125°C
25°C with PWU enabled
Incremental current with LVI enabled at 25°C

5. Stop IDD measured with all pins configured as inputs and tied to 0.2 V from rail. On the 8-pin versions, port B is configured
as inputs with pullups enabled.

5.0

SIDD

0.40
—
—
12

125

1.5
2.0
6.5
—
—

µA

Stop mode VDD supply current(5)

–40 to 85°C
–40 to 105°C
–40 to 125°C
25°C with PWU enabled
Incremental current with LVI enabled at 25°C

3.3

0.23
—
—
2

100

1.5
2.0
5.0
—
—

µA
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