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Clock Generator Module (CGM)

9.7 Interrupts

NOTE:

When the AUTO bit is set in the PLL bandwidth control register (PBWC),
the PLL can generate a CPU interrupt request every time the LOCK bit
changes state. The PLLIE bitin the PLL control register (PCTL) enables
CPU interrupts from the PLL. PLLF, the interrupt flag in the PCTL,

becomes set whether interrupts are enabled or not. When the AUTO bit
is clear, CPU interrupts from the PLL are disabled and PLLF reads as O.

Software should read the LOCK bit after a PLL interrupt request to see
if the request was due to an entry into lock or an exit from lock. When the
PLL enters lock, the VCO clock CGMVCLK, divided by two can be
selected as the CGMOUT source by setting BCS in the PCTL. When the
PLL exits lock, the VCO clock frequency is corrupt, and appropriate
precautions should be taken. If the application is not frequency-
sensitive, interrupts should be disabled to prevent PLL interrupt service
routines from impeding software performance or from exceeding stack
limitations.

Software can select CGMVCLK/2 as the CGMOUT source even if the
PLL is not locked (LOCK = 0). Therefore, software should make sure the
PLL is locked before setting the BCS bit.

9.8 Low-Power Modes

9.8.1 Wait Mode

Technical Data

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

The WAIT instruction does not affect the CGM. Before entering WAIT
mode, software can disengage and turn off the PLL by clearing the BCS
and PLLON bits in the PLL control register (PCTL). Less power-sensitive
applications can disengage the PLL without turning it off. Applications
that require the PLL to wake the MCU from WAIT mode also can
deselect the PLL output without turning off the PLL.

MC68HC908AB32 — Rev. 1.1
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Monitor ROM (MON)

Table 10-2 is a summary of the differences between user mode and
monitor mode.

Table 10-2. Mode Differences

Functions
Modes Reset Reset Break Break SWI SWI
COP Vector | Vector | Vector | Vector | Vector | Vector

High Low High Low High Low

User Enabled $FFFE | $FFFF | $FFFC | $FFFD | $FFFC | $FFFD

Monitor | Disabled®® | $FEFE | $FEFF | $FEFC | $FEFD | $FEFC | $FEFD

Notes:

1. If the high voltage (V1g7) is removed from the IRQ pin while in monitor mode, the SIM
asserts its COP enable output. The COP can be enabled or disabled by the COPD bit in
the configuration register 1 (CONFIG1). (See 23.6 5.0-V DC Electrical Characteristics.)

10.4.2 Data Format

Communication with the monitor ROM is in standard non-return-to-zero
(NRZ) mark/space data format. (See Figure 10-2 and Figure 10-3.)

The data transmit and receive rate can be anywhere from 4800 baud to
28.8 k-baud. Transmit and receive baud rates must be identical.

NEXT

Bt (o (et | mre |\ ems | era ) mirs | e | or7 ) sToP \E@M

Figure 10-2. Monitor Data Format

NEXT

START START
sas \ B [Bmo\BT1 /B2 Brs T4 [Brrs | BTE [BT7 sT0P A
START STOP
BREAK \ BT BTO BTt BT2 BT3 Bms 75 sme etz a7 [ (I

Figure 10-3. Sample Monitor Waveforms
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Timer Interface Module A (TIMA)

11.4 Pin Name Conventions

The TIMA share five I/0O pins with port D, E, and F 1/O pins. The full name
of the TIMA 1/O pin is listed in Table 11-1. The generic pin name appear
in the text that follows.

Table 11-1. Pin Name Conventions

TIMA Generic Pin Names: Full TIMA Pin Names:
TACLK PTD6/TACLK
TACHO PTE2/TACHO
TACH1 PTE3/TACH1
TACH2 PTFO/TACH2
TACH3 PTF1/TACHS3

11.5 Functional Description

Figure 11-1 shows the structure of the TIMA. The central component of
the TIMA is the 16-bit TIMA counter that can operate as a free-running
counter or a modulo up-counter. The TIMA counter provides the timing
reference for the input capture and output compare functions. The TIMA
counter modulo registers, TAMODH:TAMODL, control the modulo value
of the TIMA counter. Software can read the TIMA counter value at any
time without affecting the counting sequence.

The four TIMA channels are programmable independently as input
capture or output compare channels.

11.5.1 TIMA Counter Prescaler

The TIMA clock source can be one of the seven prescaler outputs or the
TIMA clock pin, PTD6/TACLK. The prescaler generates seven clock
rates from the internal bus clock. The prescaler select bits, PS[2:0], in
the TIMA status and control register select the TIMA clock source.

MC68HC908AB32 —Rev. 1.1 Technical Data
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Timer Interface Module A (TIMA)

11.5.4.3 PWM Initialization

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

1. Inthe TIMA status and control register (TASC):
a. Stop the TIMA counter by setting the TIMA stop bit, TSTOP.
b. Reset the TIMA counter by setting the TIMA reset bit, TRST.

2. Inthe TIMA counter modulo registers (TAMODH:TAMODL), write
the value for the required PWM period.

3. Inthe TIMA channel x registers (TACHxH:TACHXxL), write the
value for the required pulse width.

4. In TIMA channel x status and control register (TASCXx):

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 11-3.

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

b. Write 1:0 (to clear output on compare) or 1:1 (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 11-3.

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. Inthe TIMA status control register (TASC), clear the TIMA stop bit,
TSTOP.

Setting MSOB links channels 0 and 1 and configures them for buffered
PWM operation. The TIMA channel O registers (TACHOH: TACHOL)
initially control the buffered PWM output. TIMA channel 0 status and
control register 0 (TASCO) controls and monitors the PWM signal from
the linked channels. MSOB takes priority over MSOA.

Technical Data MC68HC908AB32 —Rev. 1.1
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Timer Interface Module A (TIMA)

NOTE:

Technical Data

MSxB — Mode Select Bit B

This read/write bit selects buffered output compare/PWM operation.
MSxB exists only in the TIMA channel 0 and TIMA channel 2 status
and control registers.

Setting MSOB disables the channel 1 status and control register and
reverts TCH1B to general-purpose /0.

Setting MS2B disables the channel 3 status and control register and
reverts TCH3B to general-purpose /0.

Reset clears the MSxB bit.
1 = Buffered output compare/PWM operation enabled
0 = Buffered output compare/PWM operation disabled

MSxA — Mode Select Bit A

When ELSxB:A = 00, this read/write bit selects either input capture
operation or unbuffered output compare/PWM operation.
See Table 11-3.

1 = Unbuffered output compare/PWM operation

0 = Input capture operation

When ELSxB:A = 00, this read/write bit selects the initial output level
of the TBCHXx pin. See Table 11-3. Reset clears the MSxA bit.

1 = Initial output level low

0 = Initial output level high

Before changing a channel function by writing to the MSxB or MSxA bit,
set the TSTOP and TRST bits in the TIMA status and control register
(TASC).

ELSxB and ELSxA — Edge/Level Select Bits

When channel x is an input capture channel, these read/write bits
control the active edge-sensing logic on channel x.

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

When ELSxB and ELSXA are both clear, channel x is not connected
to the port I/O, and pin TACHXx is available as a general-purpose 1/0O
pin. Table 11-3 shows how ELSxB and ELSxA work. Reset clears the
ELSxB and ELSXA bits.

MC68HC908AB32 — Rev. 1.1
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Timer Interface Module B (TIMB)

Addr. Register Name Bit 7 6 5 4 3 2 1 Bit0
) Read:| TOF 0 0
Timer B Status and "™ TOIE | TSTOP PS2 PST PSO
$0040 Control Register Write: 0 TRST
(TBSC) Reset: 0 0 i 0 0 0 0 0
Timer B Counter Read:| Bit15 14 13 12 11 10 9 Bit 8
$0041 Register High Write:
(TBCNTH) eset: 0 0 0 0 0 0 0 0
Timer B Counter Read:| Bit7 6 5 4 3 2 1 Bit 0
$0042 Register Low Write:
(TBONTL) Reset. 0 0 0 0 0 0 0 0
Timer B Counter Modulo 1¢2%"| o -
imer B Lounter Modulo Bit 15 14 13 12 11 10 9 Bit 8
$0043 Register High Write:
(TBMODH) poser. 1 i i i i i i i
, Read:
Timer B Counter Modulo Bit 7 6 5 4 3 2 1 Bit 0
$0044 Register Low Write:
(TBMODL) Reset: 1 1 1 1 1 1 1 1
, Read:| CHOF
Timer B Channel 0 Stgtus . CHOIE MS0B MS0A ELS0B ELSOA TOVO | CHOMAX
$0045 and Control Register Write: 0
(TBSCO) pecet: 0 0 0 0 0 0 0 0
Timer B Channel 0 Read: i
hanne | Bit15 14 13 12 11 10 9 Bit8
$0046 Register High Write:
(TBCHOH) Reset: Indeterminate after reset
Timer B Channel 0 Read: Bit 7 6 5 4 3 2 1 Bit 0
$0047 Register Low Write:
(TBCHOL) Reset: Indeterminate after reset
, Read:| CH1F 0
Timer B Channel 1 Status CH1IE MS1A | ELS1B | ELS1A | TOV1 | CHIMAX
$0048 and Control Register Write: 0
(TBSCT) Reset: 0 0 0 0 0 0 0 0
Timer B Channel 1 He8%| o -
imer B Channe | Bit15 14 13 12 11 10 9 Bit 8
$0049 Register High Write:
(TBCH1H) Reset: Indeterminate after reset
= Unimplemented

Figure 12-2. TIMB I/0O Register Summary (Sheet 1 of 2)

MC68HC9O08AB32 — Rev. 1.1
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Timer Interface Module B (TIMB)

12.5.4.1 Unbuffered PWM Signal Generation

NOTE:

Technical Data

Any output compare channel can generate unbuffered PWM pulses as
described in 12.5.4 Pulse Width Modulation (PWM). The pulses are
unbuffered because changing the pulse width requires writing the new
pulse width value over the old value currently in the TIMB channel
registers.

An unsynchronized write to the TIMB channel registers to change a
pulse width value could cause incorrect operation for up to two PWM
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 PWM period. Also, using a TIMB overflow interrupt
routine to write a new, smaller pulse width value may cause the compare
to be missed. The TIMB may pass the new value before it is written.

Use the following methods to synchronize unbuffered changes in the
PWM pulse width on channel x:

* When changing to a shorter pulse width, 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 pulse. The interrupt routine has until the end of the
PWM period to write the new value.

* When changing to a longer pulse width, enable channel x TIMB
overflow interrupts and write the new value in the TIMB overflow
interrupt routine. The TIMB overflow interrupt occurs at the end of
the current PWM 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 PWM period.

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 also can cause incorrect PWM signal generation when
changing the PWM pulse width to a new, much larger value.

MC68HC908AB32 — Rev. 1.1
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Analog-to-Digital Converter (ADC)

14.4.1 ADC Port /O Pins

PTB7/ATD7—PTBO/ATDO are general-purpose I/0O (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 1/0O. Writes to the port register or
DDR will not have any affect on the port pin that is selected by the ADC.
Read of a port pin in use by the ADC will return a logic O.

14.4.2 Voltage Conversion

When the input voltage to the ADC equals Vgggn, the ADC converts the
signal to $FF (full scale). If the input voltage equals Vrgp , the ADC
converts it to $00. Input voltages between Vyggy and Vgegg are a
straight-line linear conversion.

14.4.3 Conversion Time

14.4.4 Conversion

Technical Data

Conversion starts after a write to the ADSCR. One conversion will take
between 16 and 17 ADC clock cycles. The ADIVx and ADICLK bits
should be set to provide a 1-MHz ADC clock frequency.

16 to 17 ADC cycles

Conversion time =
ADC frequency

Number of bus cycles = conversion time x bus frequency

In continuous conversion mode, the ADC data register will be filled with
new data after each conversion. Data from the previous conversion will
be overwritten whether that data has been read or not. Conversions will
continue until the ADCO bit is cleared. The COCO bit is set after the first
conversion and will stay set until the next write of the ADC status and
control register or the next read of the ADC data register.

In single conversion mode, conversion begins with a write to the
ADSCR. Only one conversion occurs between writes to the ADSCR.

MC68HC908AB32 — Rev. 1.1
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Analog-to-Digital Converter (ADC)

14.8.2 ADC Data Register (ADR)

One 8-bit result register, ADC data register (ADR), is provided. This
register is updated each time an ADC conversion completes.

Address:  $0039

Bit 7 6 5 4 3 2 1 Bit0
Read:| AD7 AD6 AD5 AD4 AD3 AD2 AD1 ADO
Write:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented

Figure 14-4. ADC Data Register (ADR)

14.8.3 ADC Clock Register (ADCLK)

The ADC clock register (ADCLK) selects the clock frequency for the
ADC.

Address:  $003A

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0 0
ADIV2 ADIVA1 ADIVO | ADICLK
Write:
Reset: 0 0 0 0 0 0 0 0

= Unimplemented

Figure 14-5. ADC Clock Register (ADCLK)

ADIV[2:0] — ADC Clock Prescaler Bits

ADIV[2:0] form a 3-bit field which selects the divide ratio used by the
ADC to generate the internal ADC clock. Table 14-2 shows the
available clock configurations. The ADC clock should be set to
approximately 1 MHz.

MC68HC908AB32 —Rev. 1.1 Technical Data
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Serial Communications Interface Module (SCI)

15.9.4 SCI Status Register 1
SCI status register 1 (SCS1) contains flags to signal these conditions:

» Transfer of SCDR data to transmit shift register complete
* Transmission complete

» Transfer of receive shift register data to SCDR complete
* Receiver input idle

* Receiver overrun

* Noisy data

* Framing error

» Parity error

Address:  $0016

Bit 7 6 5 4 3 2 1 Bit0
Read:| SCTE TC SCRF IDLE OR NF FE PE
Write:
Reset: 1 1 0 0 0 0 0 0
= Unimplemented

Figure 15-12. SCI Status Register 1 (SCS1)

SCTE — SCI Transmitter Empty Bit

This clearable, read-only bit is set when the SCDR transfers a
character to the transmit shift register. SCTE can generate an SCI
transmitter CPU interrupt request. When the SCTIE bitin SCC2 is set,
SCTE generates an SCI transmitter CPU interrupt request. In normal
operation, clear the SCTE bit by reading SCS1 with SCTE set and
then writing to SCDR. Reset sets the SCTE bit.

1 = SCDR data transferred to transmit shift register

0 = SCDR data not transferred to transmit shift register

MC68HC908AB32 —Rev. 1.1 Technical Data
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Serial Peripheral Interface Module (SPI)

When the master SPI starts a transmission, the data in the slave shift
register begins shifting out on the MISO pin. The slave can load its shift
register with a new byte for the next transmission by writing to its transmit
data register. The slave must write to its transmit data register at least
one bus cycle before the master starts the next transmission. Otherwise,
the byte already in the slave shift register shifts out on the MISO pin.
Data written to the slave shift register during a transmission remains in
a buffer until the end of the transmission.

When the clock phase bit (CPHA) is set, the first edge of SPSCK starts
a transmission. When CPHA is clear, the falling edge of SS starts a
transmission. (See 16.6 Transmission Formats.)

NOTE: SPSCK must be in the proper idle state before the slave is enabled to
prevent SPSCK from appearing as a clock edge.

16.6 Transmission Formats

During an SPI transmission, data is simultaneously transmitted (shifted
out serially) and received (shifted in serially). A serial clock synchronizes
shifting and sampling on the two serial data lines. A slave select line
allows selection of an individual slave SPI device; slave devices that are
not selected do not interfere with SPI bus activities. On a master SPI
device, the slave select line can optionally be used to indicate multiple-
master bus contention.

16.6.1 Clock Phase and Polarity Controls

Software can select any of four combinations of serial clock (SPSCK)
phase and polarity using two bits in the SPI control register (SPCR). The
clock polarity is specified by the CPOL control bit, which selects an
active high or low clock and has no significant effect on the transmission
format.

MC68HC908AB32 —Rev. 1.1 Technical Data
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Serial Peripheral Interface Module (SPI)

SPMSTR — SPI Master Bit

This read/write bit selects master mode operation or slave mode
operation. Reset sets the SPMSTR bit.

1 = Master mode

0 = Slave mode

CPOL — Clock Polarity Bit

This read/write bit determines the logic state of the SPSCK pin
between transmissions. (See Figure 16-4 and Figure 16-6.) To
transmit data between SPI modules, the SPI modules must have
identical CPOL values. Reset clears the CPOL bit.

CPHA — Clock Phase Bit

This read/write bit controls the timing relationship between the serial
clock and SPI data. (See Figure 16-4 and Figure 16-6.) To transmit
data between SPI modules, the SPI modules must have identical
CPHA values. When CPHA = 0, the SS pin of the slave SPI module
must be set to logic 1 between bytes. (See Figure 16-12.) Reset sets
the CPHA bit.

SPWOM — SPI Wired-OR Mode Bit

This read/write bit disables the pullup devices on pins SPSCK, MOSI,
and MISO so that those pins become open-drain outputs.

1 = Wired-OR SPSCK, MOSI, and MISO pins

0 = Normal push-pull SPSCK, MOSI, and MISO pins

SPE — SPI Enable

This read/write bit enables the SPI module. Clearing SPE causes a
partial reset of the SPI. (See 16.10 Resetting the SPI.) Reset clears
the SPE bit.

1 = SPI module enabled

0 = SPI module disabled

SPTIE— SPI Transmit Interrupt Enable

This read/write bit enables CPU interrupt requests generated by the
SPTE bit. SPTE is set when a byte transfers from the transmit data
register to the shift register. Reset clears the SPTIE bit.

1 = SPTE CPU interrupt requests enabled

0 = SPTE CPU interrupt requests disabled
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Serial Peripheral Interface Module (SPI)

16.14.3 SPI Data Register

The SPI data register consists of the read-only receive data register and
the write-only transmit data register. Writing to the SPI data register
writes data into the transmit data register. Reading the SPI data register
reads data from the receive data register. The transmit data and receive
data registers are separate registers that can contain different values.
(See Figure 16-2.)

Address: $0012
Bit 7 6 5 4 3 2 1 Bit 0

Read: R7 R6 R5 R4 R3 R2 R1 RO

Write: T7 T6 T5 T4 T3 T2 T1 T0

Reset: Unaffected by reset

Figure 16-15. SPI Data Register (SPDR)
R7—-R0O/T7-T0O — Receive/Transmit Data Bits

NOTE: Do not use read-modify-write instructions on the SPI data register since
the register read is not the same as the register written.

MC68HC908AB32 —Rev. 1.1 Technical Data
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Input/Output (1/0) Ports

DDRGJ2:0] — Data Direction Register G Bits

These read/write bits control port G data direction. Reset clears
DDRG]J2:0], configuring all port G pins as inputs.

1 = Corresponding port G pin configured as output

0 = Corresponding port G pin configured as input

NOTE: Avoid glitches on port G pins by writing to the port G data register before
changing data direction register G bits from 0 to 1. Figure 17-24 shows
the port G I/O logic.

2™\ READ DDRG ($000E)

WRITE DDRG ($000E)
9 o DDRGx
2 RESET —»
<C
2
S WRITE PTG ($000A)
= > PTGx *» —> PTGx
oc
L
'é 3
READ PTG ($000A) }/]
N \I Y kB

Figure 17-24. Port G 1/O Circuit

When DDRGx is a logic 1, reading address $000A reads the PTGx data
latch. When DDRGx is a logic 0, reading address $000A reads the
voltage level on the pin. The data latch can always be written, regardless
of the state of its data direction bit.

Table 17-6 summarizes the operation of the port G pins.

Table 17-8. Port G Pin Functions

Accesses
DDRG | pre pit /O Pin to DDRG Accesses 1o PTG
Bit Mode
Read/Write Read Write
0 x@® Input, Hi-z@ | DDRG[2:0] Pin PTG[2:0]®
1 X Output DDRGJ2:0] PTG[2:0] PTG[2:0]
Notes:

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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Break Module (BRK)

22.5.2 Stop Mode

A break interrupt causes exit from stop mode and sets the SBSW bit in
the break status register.

22.6 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)
SIM Break status register (SBSR)
SIM Break flag control register (SBFCR)

22.6.1 Break Status and Control Register

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

Address:  $FEQOE

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0 0 0 0
BRKE BRKA
Write:
Reset: 0 0 0 0 0 0 0 0
= Unimplemented

Figure 22-3. Break Status and Control Register (BRKSCR)

BRKE — Break Enable Bit

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

1 = Breaks enabled on 16-bit address match

0 = Breaks disabled on 16-bit address match
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Technical Data — MC68HC908AB32

Section 24. Mechanical Specifications

24.1 Contents

24.2 IntroducCtion. . ... ... . 387
24.3 64-Pin Plastic Quad Flat Pack (QFP) . .. ................ 388

24.2 Introduction

This section gives the dimensions for:
* 64-pin plastic quad flat pack (case 840B-01)

Figure 24-1 shows the latest package drawing at the time of this
publication. To make sure that you have the latest package
specifications, please visit the Freescale website at http://freescale.com.
Follow the World Wide Web on-line instructions to retrieve the current
mechanical specifications.
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Ordering Information
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