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Pin Function Priority
1.6  Pin Function Priority

Table 1-3 is meant to resolve the priority if multiple functions are enabled on a single pin.

NOTE
Upon reset all pins come up as input ports regardless of the priority table.

Table 1-3. Function Priority in Shared Pins

Pin Name Highest-to-Lowest Priority Sequence

PTA0 AD0 → TCH0 → KBI0 → PTA0 

PTA1 AD1 →TCH1 → KBI1 → PTA1 

PTA2 IRQ → KBI2 → TCLK → PTA2

PTA3 RST → KBI3 → PTA3

PTA4 OSC2 → AD2 → KBI4 → PTA4 

PTA5 OSC1 → AD3 → KBI5 → PTA5 
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Memory
$0006
↓

$000A

 Unimplemented

 Unimplemented

$000B
Port A Input Pullup Enable

Register (PTAPUE)
See page 99.

Read:
OSC2EN

0
PTAPUE5 PTAPUE4 PTAPUE3 PTAPUE2 PTAPUE1 PTAPUE0

Write:

Reset: 0 0 0 0 0 0 0 0

$000C
Port B Input Pullup Enable

Register (PTBPUE)
See page 102.

Read:
PTBPUE7 PTBPUE6 PTBPUE5 PTBPUE4 PTBPUE3 PTBPUE2 PTBPUE1 PTBPUE0

Write:

Reset: 0 0 0 0 0 0 0 0

$000D
↓

$0019
Unimplemented

$001A
Keyboard Status and

Control Register (KBSCR)
See page 83.

Read: 0 0 0 0 KEYF 0
IMASKK MODEK

Write: ACKK

Reset: 0 0 0 0 0 0 0 0

$001B
Keyboard Interrupt

Enable Register (KBIER)
See page 84.

Read: 0
AWUIE KBIE5 KBIE4 KBIE3 KBIE2 KBIE1 KBIE0

Write:

Reset: 0 0 0 0 0 0 0 0

$001C Unimplemented

$001D
IRQ Status and Control

Register (INTSCR)
See page 77.

Read: 0 0 0 0 IRQF 0
IMASK MODE

Write: ACK

Reset: 0 0 0 0 0 0 0 0

$001E
Configuration Register 2

(CONFIG2)(1)

See page 53.

Read:
IRQPUD IRQEN R OSCOPT1 OSCOPT0 R R RSTEN

Write:

Reset: 0 0 0 0 0 0 0 0(2)

1. One-time writable register after each reset. 
2. RSTEN reset to 0 by a power-on reset (POR) only.

$001F
Configuration Register 1

(CONFIG1)(1)

See page 54.

Read:
COPRS LVISTOP LVIRSTD LVIPWRD LVI5OR3 SSREC STOP COPD

Write:

Reset: 0 0 0 0 0(2) 0 0 0

1. One-time writable register after each reset. 
2. LVI5OR3 reset to 0 by a power-on reset (POR) only.

$0020
TIM Status and Control

Register (TSC)
See page 127.

Read: TOF
TOIE TSTOP

0 0
PS2 PS1 PS0

Write: 0 TRST

Reset: 0 0 1 0 0 0 0 0

$0021
TIM Counter Register High

(TCNTH)
See page 128.

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

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 2 of 5)
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Input/Output Registers
3.7.2  ADC Data Register

One 8-bit result register is provided. This register is updated each time an ADC conversion completes.

3.7.3  ADC Input Clock Register

This register selects the clock frequency for the ADC.

ADIV2–ADIV0 — ADC Clock Prescaler Bits
ADIV2, ADIV1, and ADIV0 form a 3-bit field which selects the divide ratio used by the ADC to generate 
the internal ADC clock. Table 3-2 shows the available clock configurations. The ADC clock frequency 
should be set between fADIC(MIN) and fADIC(MAX). The analog input level should remain stable for the 
entire conversion time (maximum = 17 ADC clock cycles).

Address: $003E

Bit 7 6 5 4 3 2 1 Bit 0

Read: AD7 AD6 AD5 AD4 AD3 AD2 AD1 AD0

Write:

Reset: Indeterminate after reset

= Unimplemented

Figure 3-4. ADC Data Register (ADR)

Address: $003F

Bit 7 6 5 4 3 2 1 Bit 0

Read:
ADIV2 ADIV1 ADIV0

0 0 0 0 0

Write:

Reset: 0 0 0 0 0 0 0 0

= Unimplemented

Figure 3-5. ADC Input Clock Register (ADICLK)

Table 3-2. ADC Clock Divide Ratio

ADIV2 ADIV1 ADIV0 ADC Clock Rate

0 0 0 Bus clock ÷ 1

0 0 1 Bus clock ÷ 2

0 1 0 Bus clock ÷ 4

0 1 1 Bus clock ÷ 8

1 X X Bus clock ÷ 16

X = don’t care
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Chapter 4 
Auto Wakeup Module (AWU)

4.1  Introduction

This section describes the auto wakeup module (AWU). The AWU generates a periodic interrupt during 
stop mode to wake the part up without requiring an external signal. Figure 4-1 is a block diagram of the 
AWU.

4.2  Features

Features of the auto wakeup module include:

• One internal interrupt with separate interrupt enable bit, sharing the same keyboard interrupt vector 
and keyboard interrupt mask bit 

• Exit from low-power stop mode without external signals 

• Selectable timeout periods 

• Dedicated low-power internal oscillator separate from the main system clock sources 

4.3  Functional Description

The function of the auto wakeup logic is to generate periodic wakeup requests to bring the microcontroller 
unit (MCU) out of stop mode. The wakeup requests are treated as regular keyboard interrupt requests, 
with the difference that instead of a pin, the interrupt signal is generated by an internal logic.

Writing the AWUIE bit in the keyboard interrupt enable register enables or disables the auto wakeup 
interrupt input (see Figure 4-1). A logic 1 applied to the AWUIREQ input with auto wakeup interrupt 
request enabled, latches an auto wakeup interrupt request. 

Auto wakeup latch, AWUL, can be read directly from the bit 6 position of port A data register (PTA). This 
is a read-only bit which is occupying an empty bit position on PTA. No PTA associated registers, such as 
PTA6 data direction or PTA6 pullup exist for this bit.

Entering stop mode will enable the auto wakeup generation logic. An internal RC oscillator (exclusive for 
the auto wakeup feature) drives the wakeup request generator. Once the overflow count is reached in the 
generator counter, a wakeup request, AWUIREQ, is latched and sent to the KBI logic. See Figure 4-1.

Wakeup interrupt requests will only be serviced if the associated interrupt enable bit, AWUIE, in KBIER 
is set. The AWU shares the keyboard interrupt vector.

The overflow count can be selected from two options defined by the COPRS bit in CONFIG1. This bit was 
“borrowed” from the computer operating properly (COP) using the fact that the COP feature is idle (no 
MCU clock available) in stop mode. The typical values of the periodic wakeup request are (at room 
temperature):

• COPRS = 0: 650 ms @ 5 V, 875 ms @ 3 V 

• COPRS = 1: 16 ms @ 5 V, 22 ms @ 3 V 
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Auto Wakeup Module (AWU)
Figure 4-1. Auto Wakeup Interrupt Request Generation Logic

The auto wakeup RC oscillator is highly dependent on operating voltage and temperature. This feature is 
not recommended for use as a time-keeping function.

The wakeup request is latched to allow the interrupt source identification. The latched value, AWUL, can 
be read directly from the bit 6 position of PTA data register. This is a read-only bit which is occupying an 
empty bit position on PTA. No PTA associated registers, such as PTA6 data, PTA6 direction, and PTA6 
pullup exist for this bit. The latch can be cleared by writing to the ACKK bit in the KBSCR register. Reset 
also clears the latch. AWUIE bit in KBI interrupt enable register (see Figure 4-1) has no effect on AWUL 
reading.

The AWU oscillator and counters are inactive in normal operating mode and become active only upon 
entering stop mode.

4.4  Wait Mode

The AWU module remains inactive in wait mode.

4.5  Stop Mode

When the AWU module is enabled (AWUIE = 1 in the keyboard interrupt enable register) it is activated 
automatically upon entering stop mode. Clearing the IMASKK bit in the keyboard status and control 
register enables keyboard interrupt requests to bring the MCU out of stop mode. The AWU counters start 
from ‘0’ each time stop mode is entered.

D

R

VDD

INT RC OSC

EN 32 kHz CLK
RST

OVERFLOW

AUTOWUGEN

SHORT

COPRS (FROM CONFIG1)

1 = DIV 29

0 = DIV 214

E

RESET

ACKK
CLEAR

RST

RESET

CLK
(CGMXCLK)
BUSCLKX4

ISTOP

AWUIREQ

CLRLOGIC

RESET

AWUL 

TO PTA READ, BIT 6

Q

AWUIE

TO KBI INTERRUPT LOGIC (SEE
Figure 9-2. Keyboard Interrupt
Block Diagram)
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Configuration Register (CONFIG)
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Central Processor Unit (CPU)
7.3.5  Condition Code Register

The 8-bit condition code register contains the interrupt mask and five flags that indicate the results of the 
instruction just executed. Bits 6 and 5 are set permanently to 1. The following paragraphs describe the 
functions of the condition code register.

V — Overflow Flag
The CPU sets the overflow flag when a two's complement overflow occurs. The signed branch 
instructions BGT, BGE, BLE, and BLT use the overflow flag.

1 = Overflow
0 = No overflow

H — Half-Carry Flag
The CPU sets the half-carry flag when a carry occurs between accumulator bits 3 and 4 during an 
add-without-carry (ADD) or add-with-carry (ADC) operation. The half-carry flag is required for 
binary-coded decimal (BCD) arithmetic operations. The DAA instruction uses the states of the H and 
C flags to determine the appropriate correction factor.

1 = Carry between bits 3 and 4
0 = No carry between bits 3 and 4

I — Interrupt Mask
When the interrupt mask is set, all maskable CPU interrupts are disabled. CPU interrupts are enabled 
when the interrupt mask is cleared. When a CPU interrupt occurs, the interrupt mask is set 
automatically after the CPU registers are saved on the stack, but before the interrupt vector is fetched.

1 = Interrupts disabled
0 = Interrupts enabled

NOTE
To maintain M6805 Family compatibility, the upper byte of the index 
register (H) is not stacked automatically. If the interrupt service routine 
modifies H, then the user must stack and unstack H using the PSHH and 
PULH instructions.

After the I bit is cleared, the highest-priority interrupt request is serviced first.
A return-from-interrupt (RTI) instruction pulls the CPU registers from the stack and restores the 
interrupt mask from the stack. After any reset, the interrupt mask is set and can be cleared only by the 
clear interrupt mask software instruction (CLI).

N — Negative Flag
The CPU sets the negative flag when an arithmetic operation, logic operation, or data manipulation 
produces a negative result, setting bit 7 of the result.

1 = Negative result
0 = Non-negative result

Bit 7 6 5 4 3 2 1 Bit 0

Read:
V 1 1 H I N Z C

Write:

Reset: X 1 1 X 1 X X X

X = Indeterminate

Figure 7-6. Condition Code Register (CCR)
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 Low-Voltage Inhibit (LVI)
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Functional Description
11.3.1.1  Internal Oscillator Trimming

The 8-bit trimming register, OSCTRIM, allows a clock period adjust of +127 and –128 steps. Increasing 
OSCTRIM value increases the clock period. Trimming allows the internal clock frequency to be set to 
12.8 MHz ± 5%.

All devices are factory programmed with trim values in reserved FLASH memory locations $FFC0 and 
$FFC1. The trim value is not automatically loaded into the OSCTRIM register. User software must copy 
the trim value from $FFC0 or $FFC1 into OSCTRIM if needed. The factory trim value provides the 
accuracy required for communication using forced monitor mode. Some production programmers erase 
the factory trim values, so confirm with your programmer vendor that the trim values at $FFC0 and $FFC1 
are preserved, or are re-trimmed. Trimming the device in the user application board will provide the most 
accurate trim value. 

11.3.1.2  Internal to External Clock Switching 

When external clock source (external OSC, RC, or XTAL) is desired, the user must perform the following 
steps:

1. For external crystal circuits only, OSCOPT[1:0] = 1:1: To help precharge an external crystal 
oscillator, set PTA4 (OSC2) as an output and drive high for several cycles. This may help the 
crystal circuit start more robustly.

2. Set CONFIG2 bits OSCOPT[1:0] according to . The oscillator module control logic will then set 
OSC1 as an external clock input and, if the external crystal option is selected, OSC2 will also be 
set as the clock output.

3. Create a software delay to wait the stabilization time needed for the selected clock source (crystal, 
resonator, RC) as recommended by the component manufacturer. A good rule of thumb for crystal 
oscillators is to wait 4096 cycles of the crystal frequency, i.e., for a 4-MHz crystal, wait 
approximately 1 msec.

4. After the manufacturer’s recommended delay has elapsed, the ECGON bit in the OSC status 
register (OSCSTAT) needs to be set by the user software. 

5. After ECGON set is detected, the OSC module checks for oscillator activity by waiting two external 
clock rising edges.

6. The OSC module then switches to the external clock. Logic provides a glitch free transition.
7. The OSC module first sets the ECGST bit in the OSCSTAT register and then stops the internal 

oscillator. 

NOTE
Once transition to the external clock is done, the internal oscillator will only 
be reactivated with reset. No post-switch clock monitor feature is 
implemented (clock does not switch back to internal if external clock dies).

11.3.2  External Oscillator

The external clock option is designed for use when a clock signal is available in the application to provide 
a clock source to the microcontroller. The OSC1 pin is enabled as an input by the oscillator module. The 
clock signal is used directly to create BUSCLKX4 and also divided by two to create BUSCLKX2.

In this configuration, the OSC2 pin cannot output BUSCLKX4.So the OSC2EN bit in the port A pullup 
enable register will be clear to enable PTA4 I/O functions on the pin
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Oscillator Module (OSC)
11.3.3  XTAL Oscillator 

The XTAL oscillator circuit is designed for use with an external crystal or ceramic resonator to provide an 
accurate clock source. In this configuration, the OSC2 pin is dedicated to the external crystal circuit. The 
OSC2EN bit in the port A pullup enable register has no effect when this clock mode is selected.

In its typical configuration, the XTAL oscillator is connected in a Pierce oscillator configuration, as shown 
in Figure 11-2. This figure shows only the logical representation of the internal components and may not 
represent actual circuitry. The oscillator configuration uses five components:

• Crystal, X1
• Fixed capacitor, C1
• Tuning capacitor, C2 (can also be a fixed capacitor)
• Feedback resistor, RB

• Series resistor, RS (optional)

NOTE
The series resistor (RS) is included in the diagram to follow strict Pierce 
oscillator guidelines and may not be required for all ranges of operation, 
especially with high frequency crystals. Refer to the crystal manufacturer’s 
data for more information.

 
Figure 11-2. XTAL Oscillator External Connections

C1 C2

SIMOSCEN

XTALCLK

RB

X1

RS
(1)

MCU

FROM SIM

OSC2OSC1

÷ 2

BUSCLKX2BUSCLKX4

TO SIMTO SIM

Note 1. 
RS can be zero (shorted) when used with higher-frequency crystals. Refer to manufacturer’s
data. See Chapter 16 Electrical Specifications for component value recommendations.
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Input/Output Ports (PORTS)
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 

 Table 12-1 summarizes the operation of the port A pins.

12.3  Port B

Port B is an 8-bit general purpose I/O port. Port B is only available on the MC68HC908QY1, 
MC68HC908QY2, and MC68HC908QY4.

12.3.1  Port B Data Register

The port B data register (PTB) contains a data latch for each of the eight port B pins.

PTB[7:0] — Port B Data Bits
These read/write bits are software programmable. Data direction of each port B pin is under the control 
of the corresponding bit in data direction register B. Reset has no effect on port B data. 

Table 12-1. Port A Pin Functions

PTAPUE
Bit

DDRA
Bit

PTA
Bit

I/O Pin
Mode

Accesses to DDRA Accesses to PTA

Read/Write Read Write

1 0 X(1)

1.  X = don’t care

Input, VDD
(2)

2.  I/O pin pulled to VDD by internal pullup.

DDRA5–DDRA0 Pin PTA5–PTA0(3)

3.  Writing affects data register, but does not affect input.

0 0 X Input, Hi-Z(4)

4.  Hi-Z = high impedance

DDRA5–DDRA0 Pin PTA5–PTA0(3)

X 1 X Output DDRA5–DDRA0 PTA5–PTA0 PTA5–PTA0(5)

5. Output does not apply to PTA2

Address: $0001

Bit 7 6 5 4 3 2 1 Bit 0

Read:
PTB7 PTB6 PTB5 PTB4 PTB3 PTB2 PTB1 PTB0

Write:

Reset: Unaffected by reset

Figure 12-5. Port B Data Register (PTB)
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System Integration Module (SIM)
 

Figure 13-1. SIM Block Diagram

13.2  RST and IRQ Pins Initialization

RST and IRQ pins come out of reset as PTA3 and PTA2 respectively. RST and IRQ functions can be 
activated by programing CONFIG2 accordingly. Refer to Chapter 5 Configuration Register (CONFIG).

13.3  SIM Bus Clock Control and Generation

The bus clock generator provides system clock signals for the CPU and peripherals on the MCU. The 
system clocks are generated from an incoming clock, BUSCLKX2, as shown in Figure 13-2.

STOP/WAIT

CLOCK
CONTROL CLOCK GENERATORS

POR CONTROL

RESET PIN CONTROL

SIM RESET STATUS REGISTER

INTERRUPT CONTROL
AND PRIORITY DECODE

MODULE STOP

MODULE WAIT

CPU STOP (FROM CPU)
CPU WAIT (FROM CPU)

SIMOSCEN (TO OSCILLATOR)

BUSCLKX2 (FROM OSCILLATOR)

INTERNAL CLOCKS

MASTER
RESET

CONTROL

RESET
PIN LOGIC

ILLEGAL OPCODE (FROM CPU)
ILLEGAL ADDRESS (FROM ADDRESS
MAP DECODERS)
COP TIMEOUT (FROM COP MODULE)

INTERRUPT SOURCES

CPU INTERFACE

RESET

CONTROL

SIM
COUNTER COP CLOCK

BUSCLKX4 (FROM OSCILLATOR)

÷2

LVI RESET (FROM LVI MODULE)

VDD

INTERNAL
PULL-UP

FORCED MON MODE ENTRY (FROM MENRST MODULE)
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System Integration Module (SIM)
Figure 13-7. Interrupt Processing

NO

NO

NO

YES
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NO
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NO
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I BIT SET?

FROM RESET

BREAK INTERRUPT?
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IRQ
INTERRUPT?

TIMER
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RTI
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System Integration Module (SIM)
The SIM counter is held in reset from the execution of the STOP instruction until the beginning of stop 
recovery. It is then used to time the recovery period. Figure 13-17 shows stop mode entry timing and 
Figure 13-18 shows the stop mode recovery time from interrupt or break.

NOTE
To minimize stop current, all pins configured as inputs should be driven to 
a logic 1 or logic 0.

 
Figure 13-17. Stop Mode Entry Timing

 

Figure 13-18. Stop Mode Recovery from Interrupt

13.8  SIM Registers

The SIM has three memory mapped registers. Table 13-4 shows the mapping of these registers.

Table 13-4. SIM Registers

Address Register Access Mode

$FE00 BSR User

$FE01 SRSR User

$FE03 BFCR User

STOP ADDR + 1 SAME SAMEADDRESS BUS

DATA BUS PREVIOUS DATA NEXT OPCODE SAME

STOP ADDR

SAME

R/W

CPUSTOP

NOTE: Previous data can be operand data or the STOP opcode, depending on the last instruction.

BUSCLKX4

INTERRUPT

ADDRESS BUS STOP + 2 STOP + 2 SP SP – 1 SP – 2 SP – 3STOP +1

STOP RECOVERY PERIOD
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Monitor Module (MON)
The MCU executes the SWI and PSHH instructions when it enters monitor mode. The RUN command 
tells the MCU to execute the PULH and RTI instructions. Before sending the RUN command, the host can 
modify the stacked CPU registers to prepare to run the host program. The READSP command returns 
the incremented stack pointer value, SP + 1. The high and low bytes of the program counter are at 
addresses SP + 5 and SP + 6.

Figure 15-17. Stack Pointer at Monitor Mode Entry

Table 15-7. READSP (Read Stack Pointer) Command

Description Reads stack pointer

Operand None

Data Returned
Returns incremented stack pointer value (SP + 1) in 
high-byte:low-byte order

Opcode $0C

Command Sequence

Table 15-8. RUN (Run User Program) Command

Description Executes PULH and RTI instructions

Operand None

Data Returned None

Opcode $28

Command Sequence

READSPREADSP

ECHO

FROM HOST

SP

RETURN

SP
HIGH LOW

RUNRUN

ECHO

FROM HOST

CONDITION CODE REGISTER

ACCUMULATOR

LOW BYTE OF INDEX REGISTER

HIGH BYTE OF PROGRAM COUNTER

LOW BYTE OF PROGRAM COUNTER

SP + 1

SP + 2

SP + 3

SP + 4

SP + 5

SP

SP + 6

HIGH BYTE OF INDEX REGISTER

SP + 7
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3-V DC Electrical Characteristics
16.9  3-V DC Electrical Characteristics

Characteristic(1)

1. VDD = 2.7 to 3.3 Vdc, VSS = 0 Vdc, TA = TL to TH, unless otherwise noted.

Symbol Min Typ(2)

2. Typical values reflect average measurements at midpoint of voltage range, 25•C only.

Max Unit

Output high voltage
ILoad = –0.6 mA, all I/O pins
ILoad = –4.0 mA, all I/O pins
ILoad = –10.0 mA, PTA0, PTA1, PTA3–PTA5 only

VOH
VDD–0.3
VDD–1.0
VDD–0.8

—
—
—

—
—
—

V

Maximum combined IOH (all I/O pins) IOHT — — 50 mA

Output low voltage
ILoad = 0.5 mA, all I/O pins
ILoad = 6.0 mA, all I/O pins
ILoad = 10.0 mA, PTA0, PTA1, PTA3–PTA5 only

VOL
—
—
—

—
—
—

0.3
1.0
0.8

V

Maximum combined IOL (all I/O pins) IOLT — — 50 mA

Input high voltage
PTA0–PTA5, PTB0–PTB7

VIH 0.7 x VDD — VDD V

Input low voltage
PTA0–PTA5, PTB0–PTB7

VIL VSS — 0.3 x VDD V

Input hysteresis VHYS 0.06 x VDD — — V

DC injection current, all ports IINJ –2 — +2 mA

Total dc current injection (sum of all I/O) IINJTOT –25 — +25 mA

Ports Hi-Z leakage current IIL –1 ±0.1 +1 μA

Capacitance
Ports (as input)
Ports (as input)

CIN
COUT

—
—

—
—

12
8

pF

POR rearm voltage(3)

3. Maximum is highest voltage that POR is guaranteed.

VPOR 0 — 100 mV

POR rise time ramp rate(4)

4. If minimum VDD is not reached before the internal POR reset is released, the LVI will hold the part in reset until minimum 
VDD is reached. 

RPOR 0.035 — — V/ms

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

Pullup resistors(5)

PTA0–PTA5, PTB0–PTB7

5. RPU are measured at VDD = 3.0 V

RPU 16 26 36 kΩ

Low-voltage inhibit reset, trip falling voltage VTRIPF 2.40 2.55 2.70 V

Low-voltage inhibit reset, trip rising voltage VTRIPR 2.50 2.65 2.80 V

Low-voltage inhibit reset/recover hysteresis VHYS — 60 — mV
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