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General Description
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On-chip in-application programmable FLASH memory (with internal program/erase voltage
generation)

— MC68HC908QY4 and MC68HC908QT4 — 4096 bytes

— MC68HC908QY2, MC68HC908QY1, MC68HC908QT2, and MC68HC908QT1 — 1536 bytes
128 bytes of on-chip random-access memory (RAM)

2-channel, 16-bit timer interface module (TIM)

4-channel, 8-bit analog-to-digital converter (ADC) on MC68HC908QY2, MC68HC908QY4,
MC68HC908QT2, and MC68HC908QT4

5 or 13 bidirectional input/output (1/0) lines and one input only:

— Six shared with keyboard interrupt function and ADC

— Two shared with timer channels

— One shared with external interrupt (IRQ)

— Eight extra I/O lines on 16-pin package only

— High current sink/source capability on all port pins

— Selectable pullups on all ports, selectable on an individual bit basis

— Three-state ability on all port pins

6-bit keyboard interrupt with wakeup feature (KBI)

Low-voltage inhibit (LVI) module features:

— Software selectable trip point in CONFIG register

System protection features:

— Computer operating properly (COP) watchdog

— Low-voltage detection with reset

— lllegal opcode detection with reset

— lllegal address detection with reset

External asynchronous interrupt pin with internal pullup (IRQ) shared with general-purpose input
pin

Master asynchronous reset pin (RST) shared with general-purpose input/output (1/0) pin
Power-on reset

Internal pullups on IRQ and RST to reduce external components

Memory mapped I/O registers

Power saving stop and wait modes

MC68HC908QY4, MC68HC908QY2, and MC68HC908QY1 are available in these packages:
— 16-pin plastic dual in-line package (PDIP)

— 16-pin small outline integrated circuit (SOIC) package

— 16-pin thin shrink small outline package (TSSOP)

MC68HC908QT4, MC68HC908QT2, and MC68HC908QTL1 are available in these packages:
— 8-pin PDIP

— 8-pin SOIC

— 8-pin dual flat no lead (DFN) package
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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
PTAO ADO — TCHO — KBIO — PTAO
PTAl AD1 »TCH1 — KBI1 —» PTAl1
PTA2 IRQ — KBI2 - TCLK — PTA2
PTA3 RST — KBI3 — PTA3
PTA4 OSC2 —» AD2 — KBI4 —» PTA4
PTAS OSC1 —» AD3 — KBI5 —» PTA5

MC68HC908QY/QT Family Data Sheet, Rev. 6
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Memory

Addr.

$0039
4
$003B

$003C

$003D

$003E

$003F

$FEQO

$FEO1

$FE02

$FE03

$FE04

$FE05

$FE06

$FEQ7

30

Register Name Bit 7 6 5 4 3 2 1 Bit 0
Unimplemented
ADC Status and Control - Reack] COCO | ey | ppey | oe | oHs | cHe | i CHO
Register (ADSCR) ~ Write: R
Seepage45. Reset: 0 0 0 1 1 1 1 1
Unimplemented |
ADC Data Register Read: - - - - - - - -
. Bit 7 Bit6 Bit5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0
(ADR)  Write:
Seepage 47.  Reset: Indeterminate after reset
(ADICLK) ~ Write:
Seepage47. Reset: 0 0 0 0 0 0 0 0
Break Status Register  1ead: R R R R R R SBSW R
(BSR)  Write: See note 1
Seepage 137. Reset: 0
1. Writing a 0 clears SBSW.
SIM Reset Status Register  Read:[ POR PIN COP ILOP ILAD | MODRST |  LVI 0
(SRSR)  Write:
Seepage 117.  pQR: 1 0
Break Auxiiiary ~Read: 0 BDCOP
Register (BRKAR)  Write:
Seepage 137. Reset: 0 0 0 0 0 0 0 0
Break Flag Control ~ Read: BCFE R R R R R R R
Register (BFCR) ~ Write:
Seepage 138. Reget: 0
Interrupt Status Register 1~ Read: 0 IF5 IF4 IF3 0 IF1 0 0
(INT1)  Write: R R R R R R R R
Seepage77. Reset: 0 0 0 0 0 0 0 0
Interrupt Status Register2  Read:|  IF14 0 0 0 0 0 0 0
(INT2)  Write: R R R R R R R R
Seepage77. Reset: 0 0 0 0 0 0 0 0
Interrupt Status Register 3~ Read: 0 0 0 0 0 0 0 IF15
(INT3)  Write: R R R R R R R R
Seepage77. Reset: 0 0 0 0 0 0 0 0
Reserved | R | R | R | R | R | R | R~ R

|:| = Unimplemented Iil =Reserved U = Unaffected

Figure 2-2. Control, Status, and Data Registers (Sheet 4 of 5)
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Chapter 3
Analog-to-Digital Converter (ADC)

3.1 Introduction

This section describes the analog-to-digital converter (ADC). The ADC is an 8-bit, 4-channel analog-to-
digital converter. The ADC module is only available on the MC68HC908QY?2, MC68HC908QT2,
MC68HC908QY4, and MC68HC908QT4.

3.2 Features

Features of the ADC module include:
* 4 channels with multiplexed input
» Linear successive approximation with monotonicity
» 8-bit resolution
* Single or continuous conversion
» Conversion complete flag or conversion complete interrupt
e Selectable ADC clock frequency

3.3 Functional Description

Four ADC channels are available for sampling external sources at pins PTAO, PTAL, PTA4, and PTAS.
An analog multiplexer allows the single ADC converter to select one of the four ADC channels as an ADC
voltage input (ADCVIN). ADCVIN is converted by the successive approximation register-based counters.
The ADC resolution is eight bits. When the conversion is completed, ADC puts the result in the ADC data
register and sets a flag or generates an interrupt.

Figure 3-2 shows a block diagram of the ADC.

3.3.1 ADC Port I/O Pins

PTAO, PTAL, PTA4, and PTAS are general-purpose I/O pins that are shared with the ADC channels. The
channel select bits (ADC status and control register (ADSCR), $003C), 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 1/0. 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. Read of a port pin which is in use by the ADC will return a 0
if the corresponding DDR bit is at O. If the DDR bit is at 1, the value in the port data latch is read.
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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:

* Oneinternal 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
PTAG 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 CONFIGL1. 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):

e COPRS=0:650ms@5V,85ms@ 3V
e COPRS=1:16ms@5V,22ms@ 3V
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Auto Wakeup Module (AWU)

COPRS (FROM CONFIG1)

Vop
AUTOWUGEN TO PTA READ, BIT 6
_ 9
LSHORT\&:% S T
INT RC 0SC OVERFLOW } . :>—>AWUIREQ
R |

EN 32 kHz CLK

RST TO KBI INTERRUPT LOGIC (SEE
Figure 9-2. Keyboard Interrupt
Block Diagram)

CLRLOGIC

CLEAR RESETD
ACKK
(CGMXCLK)
CLK
BUSCLKX4 RST
ISTOP —:

AWUIE

Figure 4-1. Auto Wakeup Interrupt Request Generation Logic

RESET

RESET

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 PTAG6 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.

MC68HC908QY/QT Family Data Sheet, Rev. 6

50 Freescale Semiconductor



Chapter 7
Central Processor Unit (CPU)

7.1 Introduction

The M68HC08 CPU (central processor unit) is an enhanced and fully object-code-compatible version of
the M6BHCO5 CPU. The CPUO08 Reference Manual (document order number CPUOS8RM/AD) contains a
description of the CPU instruction set, addressing modes, and architecture.

7.2 Features

Features of the CPU include:
* Object code fully upward-compatible with M68HCO05 Family
* 16-bit stack pointer with stack manipulation instructions
» 16-bit index register with x-register manipulation instructions
» 8-MHz CPU internal bus frequency
* 64-Kbyte program/data memory space
e 16 addressing modes
* Memory-to-memory data moves without using accumulator
» Fast 8-bit by 8-bit multiply and 16-bit by 8-bit divide instructions
» Enhanced binary-coded decimal (BCD) data handling

* Modular architecture with expandable internal bus definition for extension of addressing range
beyond 64 Kbytes

* Low-power stop and wait modes

7.3 CPU Registers

Figure 7-1 shows the five CPU registers. CPU registers are not part of the memory map.
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Central Processor Unit (CPU)

7.7 Instruction Set Summary

Table 7-1 provides a summary of the M68HCOS8 instruction set.

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

Effect @ ) T

Source : L on CCR 9 g B s |3
Form Operation Description Tl N2 ]e 8'8 g ] g
<= o O |O

ADC #opr IMM A9 ii 2
ADC opr DIR B9 |(dd 3
ADC opr EXT C9 (hhil | 4
ADC opr,X : IX2 D9 |eeff | 4
ADC opr X Add with Carry A« (A)+ M)+ (C) N A I o A 8 IX1 Eo |ff 3
ADC X IX F9 2
ADC opr,SP SP1 9EE9 |ff 4
ADC opr,SP SP2 9ED9 |eeff | 5
ADD #opr IMM AB ii 2
ADD opr DIR BB |dd 3
ADD opr EXT CB |hhil |4
ADD opr,X : IX2 DB |eeff | 4
ADD opr.X Add without Carry A« (A)+ (M) N e I A IX1 EB |ff 3
ADD ,X IX FB 2
ADD opr,SP SP1 9EEB |ff 4
ADD opr,SP SP2 9EDB |eeff | 5
AlS #opr Add Immediate Value (Signed) to SP SP « (SP) + (16 « M) —-|=|=1=1|=|—[IMM A7 ii 2
AIX #opr Add Immediate Value (Signed) to H:X H:X « (H:X) + (16 « M) === |IMM AF i 2
AND #opr IMM A4 i 2
AND opr DIR B4 |dd 3
AND opr EXT C4 |hhil | 4
AND opr,X . 1X2 D4 |eeff | 4
AND opr.X Logical AND A« (A) & (M) o|—|—-|3|?]|- IX1 E4 |ff 3
AND ,X IX F4 2
AND opr,SP SP1 9EE4 |ff 4
AND opr,SP SP2 9ED4 [eeff | 5
ASL opr DIR 38 |dd 4
ASLA INH 48 1
ASLX Arithmetic Shift Left INH 58 1

Gt [T 1]~ -1-

ASL opr,X (Same as LSL) LITTTTTT =0 t SRR 68 |ff |4
ASL X b7 bo IX 78 3
ASL opr,SP SP1 9E68 |ff 5
ASR opr DIR 37 |dd 4
ASRA — INH 47 1
ASRX thmetic Shif Ri S RRRRRRE INH | 57 1
ASR opr.X Arithmetic Shift Right -1t 87 i 1
ASR opr,X b7 bo IX 77 3
ASR opr,SP SP1 9E67 |ff 5
BCC rel Branch if Carry Bit Clear PC« (PC)+2+rel?(C)=0 —|=1-|-|-|—-|REL 24 rr 3
DIR (b0)| 11 |(dd 4

DIR (b1)| 13 |dd 4

DIR (b2)| 15 |(dd 4

. DIR (b3)| 17 |dd 4

BCLR n, opr Clear Bitnin M Mn « 0 171717~ |~ |DIR (b4)| 19 |dd 4
DIR (b5)| 1B |(dd 4

DIR (b6)| 1D |dd 4

DIR (b7)| 1F |dd 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?(2)=1 —-|-1-|-|-|—-|REL 27 | 3

Branch if Greater Than or Equal To _
BGE opr (Signed Operands) PC«— (PC)+2+rel?(N®V)=0 |-|-|-|-|-|-|REL 90 |rr 3
Branch if Greater Than (Signed

BGT opr Operands) (Sig PC« (PC)+2+rel?(Q)|(N®V)=0|—-|-|-|—-|-|—-|REL 92 (rr 3
BHCC rel Branch if Half Carry Bit Clear PC« (PC)+2+rel?(H)=0 —-|=1-|-|-|-|REL 28 |rr 3

BHCS rel Branch if Half Carry Bit Set PC«— (PC)+2+rel?(H)=1 —--1-1- REL 29 |mr 3
BHI rel Branch if Higher PC«— (PC)+2+rel?(C)|(2)=0 ol el el REL 22 | 3

66
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KBIEO ) >— SYNCHRONIZER

TO PULLUP ENABLE

m%}w

- | KBIES

TO PULLUP ENABLE

Functional Description

INTERNAL BUS
< 7 )

VECTOR FETCH
DECODER

}KEYBOARD
INTERRUPT
KEYBOARD IMASKK ’0 REQUEST
INTERRUPT FF

AwuReQ) —— 1. For AWUGEN logic refer to Figure 4-1. Auto Wakeup Interrupt Request Generation Logic.

Figure 9-2. Keyboard Interrupt Block Diagram

If the MODEK bit is set, the keyboard interrupt inputs are both falling edge and low-level sensitive, and
both of the following actions must occur to clear a keyboard interrupt request:

Vector fetch or software clear — A vector fetch generates an interrupt acknowledge signal to clear
the interrupt request. Software may generate the interrupt acknowledge signal by writing a 1 to the
ACKK bit in the keyboard status and control register (KBSCR). The ACKK bit is useful in
applications that poll the keyboard interrupt inputs and require software to clear the keyboard
interrupt request. Writing to the ACKK bit prior to leaving an interrupt service routine can also
prevent spurious interrupts due to noise. Setting ACKK does not affect subsequent transitions on
the keyboard interrupt inputs. A falling edge that occurs after writing to the ACKK bit latches
another interrupt request. If the keyboard interrupt mask bit, IMASKK, is clear, the central
processor unit (CPU) loads the program counter with the vector address at locations $FFEO and
$FFEL.

Return of all enabled keyboard interrupt inputs to logic 1 — As long as any enabled keyboard
interrupt pin is at logic O, the keyboard interrupt remains set. The auto wakeup interrupt input,
AWUIREQ), will be cleared only by writing to ACKK bit in KBSCR or reset.

The vector fetch or software clear and the return of all enabled keyboard interrupt pins to logic 1 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 input stays at logic O.

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.

MC68HC908QY/QT Family Data Sheet, Rev. 6

Freescale Semiconductor 81



Port B

12.3.2 Data Direction Register B

Data direction register B (DDRB) determines whether each port B pin is an input or an output. Writing a 1
to a DDRB bit enables the output buffer for the corresponding port B pin; a 0 disables the output buffer.

Address: $0005

Bit 7 6 5 4 3 2 1 Bit 0
Read:
Wit DDRB7 DDRB6 DDRB5 DDRB4 DDRB3 DDRB2 DDRB1 DDRBO
rite:
Reset: 0 0 0 0 0 0 0 0

Figure 12-6. Data Direction Register B (DDRB)

DDRBJ[7:0] — Data Direction Register B Bits
These read/write bits control port B data direction. Reset clears DDRB[7:0], configuring all port B pins
as inputs.
1 = Corresponding port B pin configured as output
0 = Corresponding port B pin configured as input

NOTE
Avoid glitches on port B pins by writing to the port B data register before
changing data direction register B bits from 0 to 1. Figure 12-7 shows the
port B 1/0O logic.

2"\ READ DDRB ($0005) T
PTBPUEK— [
WRITE DDRB ($0005)
9 DDRBx
=
5 WRITE PTB ($0001)
= > PTBx ' p—> PTBx
o
[N )
E 3
READ PTB ($0001) }/]
AV N

Figure 12-7. Port B I/O Circuit

When DDRBXx is a 1, reading address $0001 reads the PTBx data latch. When DDRBXx is a 0, reading
address $0001 reads the voltage level on the pin. The data latch can always be written, regardless of the
state of its data direction bit. Table 12-2 summarizes the operation of the port B pins.

Table 12-2. Port B Pin Functions

DDRB PTB 1/0 Pin Accesses to DDRB Accesses to PTB
Bit Bit Mode Read/Write Read Write
0 X | Input, Hi-z® DDRB7-DDRBO Pin PTB7-PTBO®)
1 X Output DDRB7-DDRBO Pin PTB7-PTBO

1. X =don't care
2. Hi-Z = high impedance
3. Writing affects data register, but does not affect the input.
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Timer Interface Module (TIM)

14.4.1 TIM Counter Prescaler

The TIM clock source is one of the seven prescaler outputs or the TIM clock pin, TCLK. The prescaler
generates seven clock rates from the internal bus clock. The prescaler select bits, PS[2:0], in the TIM
status and control register (TSC) select the TIM clock source.

14.4.2 Input Capture

With the input capture function, the TIM can capture the time at which an external event occurs. When an
active edge occurs on the pin of an input capture channel, the TIM latches the contents of the TIM counter
into the TIM channel registers, TCHxH:TCHXxL. The polarity of the active edge is programmable. Input
captures can generate TIM central processor unit (CPU) interrupt requests.

14.4.3 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.

14.4.3.1 Unbuffered Output Compare

Any output compare channel can generate unbuffered output compare pulses as described in 14.4.3
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.

14.4.3.2 Buffered Output Compare

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

Setting the MSOB bit in TIM channel O status and control register (TSCO) links channel 0 and channel 1.
The output compare value in the TIM channel O registers initially controls the output on the TCHO 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
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control the output are the ones written to last. TSCO controls and monitors the buffered output compare
function, and TIM channel 1 status and control register (TSC1) is unused. While the MSOB bit is set, the
channel 1 pin, TCH1, is available as a general-purpose 1/O pin.

NOTE
In buffered output compare operation, do not write hew 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.

14.4.4 Pulse Width Modulation (PWM)

By using the toggle-on-overflow feature with an output compare channel, the TIM can generate a PWM
signal. The value in the TIM counter modulo registers determines the period of the PWM signal. The
channel pin toggles when the counter reaches the value in the TIM counter modulo registers. The time
between overflows is the period of the PWM signal

As Figure 14-3 shows, the output compare value in the TIM channel registers determines the pulse width
of the PWM signal. The time between overflow and output compare is the pulse width. Program the TIM
to clear the channel pin on output compare if the state of the PWM pulse is logic 1 (ELSxXA = 0). Program
the TIM to set the pin if the state of the PWM pulse is logic O (ELSXA = 1).

The value in the TIM counter modulo registers and the selected prescaler output determines the
frequency of the PWM output The frequency of an 8-bit PWM signal is variable in 256 increments. Writing
$O0FF (255) to the TIM counter modulo registers produces a PWM period of 256 times the internal bus
clock period if the prescaler select value is 000. See 14.9.1 TIM Status and Control Register.

The value in the TIM channel registers determines the pulse width of the PWM output. The pulse width of
an 8-bit PWM signal is variable in 256 increments. Writing $0080 (128) to the TIM channel registers
produces a duty cycle of 128/256 or 50%.

OVERFLOW OVERFLOW OVERFLOW
—»<«+——— PERIOD > >
POLARITY = 1
(ELSxA=0) TOHx | I I |
PULSE
™~ wiDTH
POLARITY =0 - y
(ELSxA=1) TCHx
} } }
OUTPUT OUTPUT OUTPUT
COMPARE COMPARE COMPARE

Figure 14-3. PWM Period and Pulse Width
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Timer Interface Module (TIM)

14.6 Wait Mode

The WAIT instruction puts the MCU in low power-consumption standby mode.

The TIM remains active after the execution of a WAIT instruction. In wait mode the TIM registers are not
accessible by the CPU. Any enabled CPU interrupt request from the TIM can bring the MCU out of wait
mode.

If TIM functions are not required during wait mode, reduce power consumption by stopping the TIM before
executing the WAIT instruction.

14.7 TIM During Break Interrupts
A break interrupt stops the TIM counter.

The system integration module (SIM) controls whether status bits in other modules 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 13.8.2 Break Flag Control Register.

To allow software to clear status bits during a break interrupt, write a 1 to the BCFE bit. If a status bit is
cleared during the break state, it remains cleared when the MCU exits the break state.

To protect status bits during the break state, write a 0 to the BCFE bit. With BCFE at O (its default state),
software can read and write I/O registers during the break state without affecting status bits. Some status
bits have a two-step read/write clearing procedure. If software does the first step on such a bit before the
break, the bit cannot change during the break state as long as BCFE is at 0. After the break, doing the
second step clears the status bit.

14.8 Input/Output Signals

Port A shares three of its pins with the TIM. Two TIM channel I/O pins are PTAO/TCHO and PTAL/TCHL1
and an alternate clock source is PTA2/TCLK.

14.8.1 TIM Clock Pin (PTA2/TCLK)

PTA2/TCLK is an external clock input that can be the clock source for the TIM counter instead of the
prescaled internal bus clock. Select the PTA2/TCLK input by writing 1s to the three prescaler select bits,
PS[2-0]. (See 14.9.1 TIM Status and Control Register.) When the PTA2/TCLK pin is the TIM clock input,
it is an input regardless of port pin initialization.

14.8.2 TIM Channel I/0 Pins (PTAO/TCHO and PTA1/TCH1)

Each channel I/O pin is programmable independently as an input capture pin or an output compare pin.
PTAO/TCHO can be configured as a buffered output compare or buffered PWM pin.

14.9 Input/Output Registers

The following 1/O registers control and monitor operation of the TIM:
e TIM status and control register (TSC)
* TIM counter registers (TCNTH:TCNTL)
e TIM counter modulo registers (TMODH:TMODL)
» TIM channel status and control registers (TSCO and TSC1)
* TIM channel registers (TCHOH:TCHOL and TCH1H:TCH1L)
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14.9.1 TIM Status and Control Register

The TIM status and control register (TSC) does the following:
* Enables TIM overflow interrupts
* Flags TIM overflows
» Stops the TIM counter
* Resets the TIM counter
* Prescales the TIM counter clock

Address: $0020

Bit 7 6 5 4 3 2 1 Bit 0
Read: TOF 0 0
TOIE TSTOP PS2 PS1 PS0
Write: 0 TRST
Reset: 0 0 1 0 0 0 0 0

I:l = Unimplemented

Figure 14-4. TIM Status and Control Register (TSC)

TOF — TIM Overflow Flag Bit

This read/write flag is set when the TIM counter reaches the modulo value programmed in the TIM
counter modulo registers. Clear TOF by reading the TIM status and control register when TOF is set
and then writing a 0 to TOF. If another TIM 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 = TIM counter has reached modulo value

0 = TIM counter has not reached modulo value

TOIE — TIM Overflow Interrupt Enable Bit
This read/write bit enables TIM overflow interrupts when the TOF bit becomes set. Reset clears the
TOIE bit.
1 = TIM overflow interrupts enabled
0 = TIM overflow interrupts disabled

TSTOP — TIM Stop Bit
This read/write bit stops the TIM counter. Counting resumes when TSTOP is cleared. Reset sets the
TSTOP bit, stopping the TIM counter until software clears the TSTOP bit.
1 = TIM counter stopped
0 = TIM counter active

NOTE
Do not set the TSTOP bit before entering wait mode if the TIM is required
to exit wait mode. 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.

When using TSTOP to stop the timer counter, see if any timer flags are set.
If atimer flag is set, it must be cleared by clearing TSTOP, then clearing the
flag, then setting TSTOP again.
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Break Module (BRK)

15.2.2.3 Break Auxiliary Register

The break auxiliary register (BRKAR) contains a bit that enables software to disable the COP while the
MCU is in a state of break interrupt with monitor mode.

Address: $FE02

Bit7 6 5 4 3 2 1 Bit 0
Read: 0 0 0 0 0 0 0
. BDCOP
Write:
Reset: 0 0 0 0 0 0 0 0

|:| = Unimplemented

Figure 15-6. Break Auxiliary Register (BRKAR)

BDCOP — Break Disable COP Bit
This read/write bit disables the COP during a break interrupt. Reset clears the BDCOP bit.

1 = COP disabled during break interrupt
0 = COP enabled during break interrupt

15.2.2.4 Break Status Register

The break status register (BSR) contains a flag to indicate that a break caused an exit from wait mode.
This register is only used in emulation mode.

Address: $FE00

Bit 7 6 5 4 3 2 1 Bit 0
Read: SBSW
. R R R R R R 3 R
Write: Note(")
Reset: 0

IIl = Reserved 1. Writing a 0 clears SBSW.

Figure 15-7. Break Status Register (BSR)

SBSW — SIM Break Stop/Wait
SBSW can be read within the break state SWI routine. The user can modify the return address on the
stack by subtracting one from it.
1 = Wait mode was exited by break interrupt
0 = Wait mode was not exited by break interrupt
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Table 15-2. Mode Difference

Functions
Modes Reset Reset Break Break SWI SWI
Vector High | Vector Low | Vector High | Vector Low | Vector High | Vector Low
User $FFFE $FFFF $FFFC $FFFD $FFFC $FFFD
Monitor $FEFE $FEFF $FEFC $FEFD $FEFC $FEFD

15.3.1.4 Data Format

Communication with the monitor ROM is in standard non-return-to-zero (NRZ) mark/space data format.
Transmit and receive baud rates must be identical.

NEXT
A\ B (eimo (ma B2 | Brs ) B4 ) s | 86 )| B ) STOP \ BT

Figure 15-13. Monitor Data Format

15.3.1.5 Break Signal

A start bit (logic 0) followed by nine logic 0 bits is a break signal. When the monitor receives a break signal,
it drives the PTAO pin high for the duration of two bits and then echoes back the break signal.

MISSING STOP BIT —#

» 2-STOP BIT DELAY BEFORE ZERO ECHO

-
Lo )02l e e )

Figure 15-14. Break Transaction

15.3.1.6 Baud Rate

The monitor communication baud rate is controlled by the frequency of the external or internal oscillator
and the state of the appropriate pins as shown in Table 15-1.

Table 15-1 also lists the bus frequencies to achieve standard baud rates. The effective baud rate is the
bus frequency divided by 256 when using an external oscillator. When using the internal oscillator in
forced monitor mode, the effective baud rate is the bus frequency divided by 335.

15.3.1.7 Commands

The monitor ROM firmware uses these commands:
* READ (read memory)
*  WRITE (write memory)
* IREAD (indexed read)
* IWRITE (indexed write)
» READSP (read stack pointer)
* RUN (run user program)
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16.15 Timer Interface Module Characteristics

Characteristic Symbol Min Max Unit
Timer input capture pulse width trp, tr 2 — teye
Timer input capture period tr Note® — teye
Timer input clock pulse width trew tren toye t5 — ns

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

-< trirL >
tTH — "7
INPUT CAPTURE
RISING EDGE
< e >
tr, — -~
INPUT CAPTURE
FALLING EDGE
- trirL
try — }4— tr, —»{ l—
INPUT CAPTURE
BOTH EDGES
treH —| -~
TCLK
troL— -

Figure 16-11. Timer Input Timing

MC68HC908QY/QT Family Data Sheet, Rev. 6

162 Freescale Semiconductor



© FREESCALE SEMICONDUCTOR. INC.  ALL RIGHTS RESERVED.
ELECTRONIC VERSIONS ARE UNCONTROLLED EXCEPT WHEN ACCESSED

DIRECTLY FROM THE DOCUMENT CONTROL REPOSITORY. PRINTED
VERSIONS ARE UNCONTROLLED EXCEPT WHEN STAMPED “CONTROLLED

freescale

semiconductor

MECHANICAL DUTLINES
DICTIONARY - i

DOCUMENT NO: 98ASB42431B

COPY” IN RED.

DO NOT SCALE THIS DRAWING | REV:

T

(A —- A

plaTal el Tl

16

|
9

——— (JJ ——

v
LN
—— |- [

8
N

SEATING

—— D 16 PL

ﬁ PLANE

| [0.25 (0.010)@W|T[AM]

TITLE:

16 LD PDIP

CASE NUMBER: 648-08

STANDARD: NON-JEDEC

PACKAGE CODE: 0006 SHEET

1 OF 4




