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Figure 1-1. MC68HC908AB32 Block Diagram
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FLASH Memory

4.7 FLASH Program/Read Operation

Programming of the FLASH memory is done on a row basis. A row
consists of 64 consecutive bytes starting from addresses $XX00,
$XX40, $0080 and $XXCO. Use this step-by-step procedure to program
a row of FLASH memory (Figure 4-2 is a flowchart representation):

NOTE: In order to avoid program disturbs, the row must be erased before any
byte on that row is programmed.

1.

w

10.
11.
12.
13.

© © N o 0 &

Set the PGM bit. This configures the memory for program
operation and enables the latching of address and data for
programming.

Read from the FLASH block protect register.

Write any data to any FLASH address within the row address
range desired.

Wait for a time, t,,s (Min. 10us).

Set the HVEN bit.

Wait for a time, tygs (Min. Sus).

Write data to the FLASH address to be programmed.*
Wait for a time, tprog (Min. 30us).

Repeat step 7 and 8 until all the bytes within the row are
programmed.

Clear the PGM bit.*
Wait for a time, t,,y, (Min. 5us).
Clear the HVEN bit.

After time, t,., (min. 1us), the memory can be accessed in read
mode again.

* The time between each FLASH address change, or the time between the last FLASH address
programmed to clearing PGM bit, must not exceed the maximum programming time, tprog Max.

This program sequence is repeated throughout the memory until all data
is programmed.

MC68HC9O08AB32 — Rev. 1.1
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Clock Generator Module (CGM)

9.5.6 Crystal Output Frequency Signal (CGMXCLK)

CGMXCLK is the crystal oscillator output signal. It runs at the full speed
of the crystal (fxc k) and is generated directly from the crystal oscillator
circuit. Figure 9-3 shows only the logical relation of CGMXCLK to OSC1
and OSC2 and may not represent the actual circuitry. The duty cycle of
CGMXCLK is unknown and may depend on the crystal and other
external factors. Also, the frequency and amplitude of CGMXCLK can be
unstable at start-up.

9.5.7 CGM Base Clock Output (CGMOUT)

CGMOUT is the clock output of the CGM. This signal goes to the SIM,
which generates the MCU clocks. CGMOUT is a 50% duty cycle clock
running at twice the bus frequency. CGMOUT is software programmable
to be either the oscillator output (CGMXCLK) divided by two or the VCO
clock (CGMVCLK) divided by two.

9.5.8 CGM CPU Interrupt (CGMINT)

CGMINT is the interrupt signal generated by the PLL lock detector.

9.6 CGM Registers
The following registers control and monitor operation of the CGM:

* PLL control register (PCTL). (See 9.6.1 PLL Control Register
(PCTL))

e PLL bandwidth control register (PBWC). (See 9.6.2 PLL
Bandwidth Control Register (PBWC))

» PLL programming register (PPG). (See 9.6.3 PLL Programming
Register (PPG))

Figure 9-4 is a summary of the CGM registers.

MC68HC908AB32 —Rev. 1.1 Technical Data
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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)

Technical Data

Address:

Read:
Write:

Reset:

$0036
Bit 7 6 5 4 3 2 1 Bit 0
Bit 15 14 13 12 11 10 9 Bit 8

Indeterminate after reset

Figure 12-20. TIMB Channel 3 Register High (TBCH3H)

Address:

Read:
Write:

Reset:

$0037
Bit 7 6 5 4 3 2 1 Bit 0
Bit 7 6 5 4 3 2 1 Bit 0

Indeterminate after reset

Figure 12-21. TIMB Channel 3 Register

Low (TBCH3L)

MC68HC908AB32 — Rev. 1.1
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Programmable Interrupt Timer (PIT)

Addr. Register Name Bit 7 6 5 4 3 2 1 Bit0
Read:| POF 0 0
PIT Status and Control POIE | PSTOP PPS2 | PPS1 | PPSO
$004B Register Write: 0 PRST
(PSC) Reset: 0 0 i 0 0 0 0 0
Read:| Bit15 14 13 12 11 10 9 Bit 8
PIT Counter Register High ., ..
$004C (PONTH) Write:
Reset: 0 0 0 0 0 0 0 0
Read:| Bit7 6 5 4 3 2 1 Bit 0
PIT Counter Register Low |, ..
$004D (PCNTL) Write:
Reset: 0 0 0 0 0 0 0 0
Read:
PIT Counter Modulo Bit 15 14 13 12 11 10 9 Bit8
$004E Register High Write:
(PMODH) poget. 1 i i i i i i i
PIT Counter Modulo Read: Bit 7 6 5 4 3 2 1 Bit 0
$004F Register Low Write:
(PMODL) Reset: 1 1 1 1 1 1 1 1
= Unimplemented

Figure 13-2. PIT I/O Register Summary

13.4.1 PIT Counter Prescaler

The clock source can be one of the seven prescaler outputs. The
prescaler generates seven clock rates from the internal bus clock. The
prescaler select bits, PPS[2:0] in the status and control register select
the PIT clock source.

The value in the PIT counter modulo registers and the selected prescaler
output determines the frequency of the Periodic Interrupt. The PIT
overflow flag (POF) is set when the PIT counter value rolls over to $0000
after matching the value in the PIT counter modulo registers. The PIT
interrupt enable bit, POIE, enables PIT overflow CPU interrupt requests.
POF and POIE are in the PIT status and control register.

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

Table 14-2. ADC Clock Divide Ratio

ADIV2 ADIV1 ADIVO ADC Clock Rate
0 0 0 ADC input clock + 1
0 0 1 ADC input clock + 2
0 1 0 ADC input clock + 4
0 1 1 ADC input clock + 8
1 X X ADC input clock + 16

X =don’t care

ADICLK — ADC Input Clock Select Bit

ADICLK selects either the bus clock or CGMXCLK as the input clock
source to generate the internal ADC clock. Reset selects CGMXCLK
as the ADC clock source.

If the external clock (CGMXCLK) is equal to or greater than 1 MHz,
CGMXCLK can be used as the clock source for the ADC. If
CGMXCLK is less than 1 MHz, use the PLL-generated bus clock as
the clock source. As long as the internal ADC clock is at
approximately 1 MHz, correct operation can be guaranteed.

1 = Internal bus clock

0 = External clock (CGMXCLK)

ADC input clock frequency _
= 1MH
ADIV[2:0] z

Technical Data MC68HC908AB32 —Rev. 1.1
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Serial Communications Interface

Addr.

$0013

$0014

$0015

$0016

$0017

$0018

$0019

Register Name

SCI Control Register 1
(SCC1)

SCI Control Register 2
(SCC2)

SCI Control Register 3
(SCC3)

SCI Status Register 1
(SCS1)

SCI Status Register 2
(SCS2)

SCI Data Register
(SCDR)

SCI Baud Rate Register
(SCBR)

Technical Data

Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:
Reset:
Read:
Write:

Reset:

Bit 7 6 5 4 3 2 1 Bit 0
LOOPS | ENSCI | TXINV M WAKE ILTY PEN PTY
0 0 0 0 0 0 0 0
SCTIE TCIE SCRIE ILIE TE RE RWU SBK
0 0 0 0 0 0 0 0

R8
T8 R R ORIE NEIE FEIE PEIE
U U 0 0 0 0 0 0
SCTE TC SCRF IDLE OR NF FE PE
1 1 0 0 0 0 0 0
BKF RPF
0 0 0 0 0 0 0 0
R7 R6 R5 R4 R3 R2 R1 RO
T7 T6 T5 T4 T3 T2 T1 T0
Unaffected by reset
SCP1 SCPO R SCR2 SCR1 SCRO
0 0 0 0 0 0 0 0
= Unimplemented R = Reserved U = Unaffected

Figure 15-2. SCI I/O Register Summary

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

16.5.1 Master Mode

The SPI operates in master mode when the SPI master bit, SPMSTR, is
set.

NOTE: Configure the SPI modules as master or slave before enabling them.
Enable the master SPI before enabling the slave SPI. Disable the slave
SPI before disabling the master SPI. (See 16.14.1 SPI Control
Register.)

Only a master SPI module can initiate transmissions. Software begins
the transmission from a master SPI module by writing to the transmit
data register. If the shift register is empty, the byte immediately transfers
to the shift register, setting the SPI transmitter empty bit, SPTE. The byte
begins shifting out on the MOSI pin under the control of the serial clock.
(See Figure 16-3.)

MASTER MCU SLAVE MCU

MISO MISO
SHIFT REGISTER |
( A MOSI MOSI J
»  SHIFT REGISTER

SPSCK SPSCK f

BAUD RATE == ==
SS Ss

GENERATOR =2 AAA—o0 Vpp F

Figure 16-3. Full-Duplex Master-Slave Connections

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

The following sources in the SPI status and control register can generate
CPU interrupt requests:

» SPI receiver full bit (SPRF) — The SPRF bit becomes set every
time a byte transfers from the shift register to the receive data
register. If the SPI receiver interrupt enable bit, SPRIE, is also set,
SPRF generates an SPI receiver/error CPU interrupt request.

* SPItransmitter empty (SPTE) — The SPTE bit becomes set every
time a byte transfers from the transmit data register to the shift
register. If the SPI transmit interrupt enable bit, SPTIE, is also set,
SPTE generates an SPTE CPU interrupt request.

16.10 Resetting the SPI

Any system reset completely resets the SPI. Partial resets occur
whenever the SPI enable bit (SPE) is low. Whenever SPE is low, the
following occurs:

 The SPTE flag is set.
* Any transmission currently in progress is aborted.
» The shift register is cleared.

* The SPI state counter is cleared, making it ready for a new
complete transmission.

» All the SPI port logic is defaulted back to being general-purpose
1/O.

These items are reset only by a system reset:

» All control bits in the SPCR register

» All control bits in the SPSCR register (MODFEN, ERRIE, SPR1,
and SPRO)

» The status flags SPRF, OVRF, and MODF

By not resetting the control bits when SPE is low, the user can clear SPE
between transmissions without having to set all control bits again when
SPE is set back high for the next transmission.

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

17.4 Port B

Port B is an 8-bit special function port that shares all eight of its port pins
with the analog-to-digital converter (ADC) module (see Section 14.
Analog-to-Digital Converter (ADC)).

17.4.1 Port B Data Register (PTB)

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

Address:  $0001

Bit 7 6 5 4 3 2 1 Bit0
Read:
PTB7 PTB6 PTB5 PTB4 PTB3 PTB2 PTB1 PTBO
Write:
Reset: Unaffected by reset
Alternative Function:| ATD?7 ATD6 ATD5 ATD4 ATD3 ATD2 ATD2 ATDO

Figure 17-5. Port B Data Register (PTB)

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.

ATD[7:0] — ADC channels

ATDI[7:0] are pins used for the input channels to the analog-to-digital
converter module. The channel select bits in the ADC status and
control register define which port B pin will be used as an ADC input
and overrides any control from the port I/O logic by forcing that pin as
the input to the analog circuitry.

NOTE: Care must be taken when reading port B while applying analog voltages
to ATDJ[7:0] pins. If the appropriate ADC channel is not enabled,
excessive current drain may occur if analog voltages are applied to the
PTBx/ATDx pin, while PTB is read as a digital input. Those ports not
selected as analog input channels are considered digital 1/0 ports.

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

17.6 PortD

Port D is an 8-bit special function port that shares two of its pins with the
timer interface module (see Section 11. Timer Interface Module A
(TIMA) and Section 12. Timer Interface Module B (TIMB)). Each
port D pin has 15mA current drive (sink) and programmable pullup.

17.6.1 Port D Data Register (PTD)

The port D data register contains a data latch for each of the eight port D
pins.

Address:  $0003

Bit 7 6 5 4 3 2 1 Bit 0
Read:
PTD7 PTD6 PTD5 PTD4 PTD3 PTD2 PTD1 PTDO
Write:
Reset: Unaffected by reset
Alternative Function: TACLK TBCLK

Additional Functions: | 15mA sink | 15mA sink | 15mA sink | 15mA sink | 15mA sink | 15mA sink | 15mA sink | 15mA sink

Input pullup | Input pullup | Input pullup | Input pullup | Input pullup | Input pullup | Input pullup | Input pullup

Figure 17-11. Port D Data Register (PTD)

PTD[7:0] — Port D Data Bits

These read/write bits are software programmable. Data direction of
each port D pin is under the control of the corresponding bit in data
direction register D. Reset has no effect on port D data.

TACLK — Timer A Clock Input

The PTD6 pin becomes TACLK, the timer A (TIMA) external clock
input when the TIMA prescaler select bits, PS[2:0] = 111. See
Section 11. Timer Interface Module A (TIMA).

TBCLK — Timer B Clock Input

The PTD4 pin becomes TBCLK, the timer B (TIMB) external clock
input when the TIMB prescaler select bits, PS[2:0] = 111. See
Section 12. Timer Interface Module B (TIMB).

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

17.7.2 Data Direction Register E (DDRE)

Data direction register E determines whether each port E pin is an input
or an output. Writing a logic 1 to a DDRE bit enables the output buffer for
the corresponding port E pin; a logic 0 disables the output buffer.

Address:

Read:
Write:

Reset:

$000C
Bit7 6 5 4 3 2 1 Bit 0
DDRE7 | DDRE6 | DDRE5 | DDRE4 | DDRE3 | DDRE2 | DDRE1 | DDREO
0 0 0 0 0 0 0 0

Figure 17-16. Data Direction Register E (DDRE)

DDRE[7:0] — Data Direction Register E Bits

These read/write bits control port E data direction. Reset clears
DDRE([7:0], configuring all port E pins as inputs.

1 = Corresponding port E pin configured as output

0 = Corresponding port E pin configured as input

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

AN

READ DDRE ($000C)

WRITE DDRE ($000C)

-

RESET —»f

WRITE PTE ($0008)

DDREXx

INTERNAL DATA BUS

READ PTE ($0008)

PTEx

p—> PTEX

A

<

Technical Data

pd
N

Figure 17-17. Port E 1/O Circuit
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NOTE:

Address:  $000F

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0 0 0 0
DDRH1 | DDRHO
Write:
Reset: 0 0 0 0 0 0 0 0

Figure 17-26. Data Direction Register H (DDRH)

DDRHJ1:0] — Data Direction Register H Bits

These read/write bits control port H data direction. Reset clears
DDRH]J1:0], configuring all port H pins as inputs.

1 = Corresponding port H pin configured as output

0 = Corresponding port H pin configured as input

Avoid glitches on port H pins by writing to the port H data register before
changing data direction register H bits from 0 to 1. Figure 17-27 shows
the port H 1/O logic.

4™\ READ DDRH ($000F)

WRITE DDRH ($000F)

»

DDRHx

RESET —»]

WRITE PTH ($000B)

- PTHx . p—> PTHx

READ PTH ($000B) }/]
AN

INTERNAL DATA BUS

<A

I KB

Figure 17-27. Port H I/O Circuit

When DDRHx is a logic 1, reading address $000B reads the PTHx data
latch. When DDRHXx is a logic 0, reading address $000B 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 H pins.
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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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Address:  $FE00
Bit 7 6 5 4 3 2 1 Bit0
Read: SBSW
R R R R R R R
Write: Note
Reset: 0 0 0 0 0 0 0 0
Note: Writing a logic 0 clears SBSW. R = Reserved

Figure 22-6. SIM Break Status Register (SBSR)

SBSW — SIM Break Stop/Wait Bit

This status bit is useful in applications requiring a return to wait or stop
mode after exiting from a break interrupt. Clear SBSW by writing a
logic O to it. Reset clears SBSW.

1 = Stop mode or wait mode was exited by break interrupt

0 = Stop mode or wait mode was not exited by break interrupt

SBSW can be read within the break interrupt routine. The user can
modify the return address on the stack by subtracting one from it. The

following code is an example.

; This code works if the H register has been pushed onto the stack in the break
This code should be executed at the end of the break

;service routine software.
;service routine software.

H BYTE EQU
LOBYTE EQU

5
6

; If not SBSW do RTI

BRCLR SBSW SBSR,

TST
BNE
DEC
DOLO DEC

RETURN  PULH

RTI

LOBYTE, SP
DOLO

H BYTE, SP
LOBYTE, SP

MC68HC9O08AB32 — Rev. 1.1

RETURN ; See if wait npde or stop node was exited by

: br eak.

;I f RETURNLO i s not zero,

; then just decrenent | ow byte.
; El se deal with high byte, too.
; Point to WAI T/ STOP opcode.

; Restore H register.
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