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Pin Assignments

1.4.1 Power Supply Pins (Vpp and Vgg)
Vpp and Vgg are the power supply and ground pins. The MCU operates from a single power supply.

Fast signal transitions on MCU pins place high, short-duration current demands on the power supply. To
prevent noise problems, take special care to provide power supply bypassing at the MCU as shown in
Figure 1-3. Place the C1 bypass capacitor as close to the MCU as possible. Use a high-frequency
response ceramic capacitor for C1. C2 is an optional bulk current bypass capacitor for use in applications
that require the port pins to source high current levels.

MCU

NOTE: Component values shown represent typical applications.
Figure 1-3. Power Supply Bypassing

Vgg is also the ground for the port output buffers and the ground return for the serial clock in the Serial
Peripheral Interface module (SPI). See Chapter 17 Serial Peirpheral Interface (SPI).

NOTE

Vsg must be grounded for proper MCU operation.
1.4.2 Oscillator Pins (OSC1 and OSC2)
The OSC1 and OSC2 pins are the connections for the on-chip oscillator circuit. See Chapter 8 Clock
Generator Module (CGM).
1.4.3 External Reset Pin (RST)
A logic 0 on the RST pin forces the MCU to a known startup state. RST is bidirectional, allowing a reset
of the entire system. It is driven low when any internal reset source is asserted. See Chapter 7 System
Integration Module (SIM) for more information.
1.4.4 External Interrupt Pin (IRQ)

IRQ is an asynchronous external interrupt pin. See Chapter 15 External Interrupt Module (IRQ1).

1.4.5 Analog Power Supply Pin (Vppa)

Vppa is the power supply pin for the analog portion of the Clock Generator Module (CGM). See
Chapter 8 Clock Generator Module (CGM).
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Memory Map

30

$0A00

$7FFF
$8000

$FDFF
$FEOQO
$FEO1
$FEO2
$FEO3
$FEO4

$FEO08
$FEO09
$FEOA
$FEOB
$FEOC
$FEOD
$FEOE
$FEOF

$FE10

$FE11

$FE12

$FE19
$FE1A
$FE1B
$FE1C
$FE1D
$FE1E
$FE1F
$FE20

$FF5F
$FF60

$FF7F
$FF80

UNIMPLEMENTED (30,208 BYTES)

FLASH (32,256 BYTES)

SIM BREAK STATUS REGISTER (SBSR)

SIM RESET STATUS REGISTER (SRSR)

RESERVED

SIM BREAK FLAG CONTROL REGISTER (SBFCR)

RESERVED (5 BYTES)

Configuration Write-Once Register (CONFIG-2)

RESERVED

RESERVED

BREAK ADDRESS REGISTER HIGH (BRKH)

BREAK ADDRESS REGISTER LOW (BRKL)

BREAK STATUS AND CONTROL REGISTER (BSCR)

LVI STATUS REGISTER (LVISR)

EEPROM DIVIDER HIGH NON-VOLATILE REGISTER
(EEDIVHNVR)

EEPROM DIVIDER LOW NON-VOLATILE REGISTER
(EEDIVLNVR)

RESERVED (8 BYTES)

EEPROM DIVIDER HIGH REGISTER (EEDIVH)

EEPROM DIVIDER LOW REGISTER (EEDIVL)

EEPROM NON-VOLATILE REGISTER (EENVR)

EEPROM CONTROL REGISTER (EECR)

RESERVED

EEPROM ARRAY CONFIGURATION REGISTER (EEACR)

MONITOR ROM (320 BYTES)

UNIMPLEMENTED (32 BYTES)

FLASH BLOCK PROTECT REGISTER (FLBPR)

Figure 2-1. Memory Map (Sheet 2 of 3)
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System Integration Module (SIM)

IAB WATADDR | WATADDR+1 | SAME X SAME ><
IDB \ PREVIOUSDATA )  NEXTOPCODE ) SAME \ same
RW /

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

Figure 7-12. Wait Mode Entry Timing

1AB $6E0B \ secoc ) soorF ) soore ) soorD ) soorc )
DB $A6) SA6 ) sas J so1 ) soB | SeE | \ '
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NOTE: EXITSTOPWAIT = RST pin OR CPU interrupt OR break interrupt
Figure 7-13. Wait Recovery from Interrupt or Break
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Figure 7-14. Wait Recovery from Internal Reset

7.6.2 Stop Mode

In stop mode, the SIM counter is reset and the system clocks are disabled. An interrupt request from a
module can cause an exit from stop mode. Stacking for interrupts begins after the selected stop recovery
time has elapsed. Reset also causes an exit from stop mode.

The SIM disables the clock generator module outputs (CGMOUT and CGMXCLK) in stop mode, stopping
the CPU and peripherals. Stop recovery time is selectable using the SSREC bit in the configuration
register (CONFIG-1). If SSREC is set, stop recovery is reduced from the normal delay of 4096 CGMXCLK
cycles down to 32. This is ideal for applications using canned oscillators that do not require long startup
times from stop mode.

NOTE
External crystal applications should use the full stop recovery time by
clearing the SSREC bit.

The break module is inactive in Stop mode. The STOP instruction does not affect break module register
states.

MC68HC908AZ32A Data Sheet, Rev. 2
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Chapter 8
Clock Generator Module (CGM)

8.1 Introduction

The CGM generates the crystal clock signal, CGMXCLK, which operates at the frequency of the crystal.
The CGM also generates the base clock signal, CGMOUT, from which the system clocks are derived.
CGMOUT is based on either the crystal clock divided by two or the phase-locked loop (PLL) clock,
CGMVCLK, divided by two. The PLL is a frequency generator designed for use with 1-MHz to 16-MHz
crystals or ceramic resonators. The PLL can generate an 8-MHz bus frequency without using high
frequency crystals.

8.2 Features

Features of the CGM include:
* Phase-Locked Loop with Output Frequency in Integer Multiples of the Crystal Reference
e Programmable Hardware Voltage-Controlled Oscillator (VCO) for Low-Jitter Operation
e Automatic Bandwidth Control Mode for Low-Jitter Operation
* Automatic Frequency Lock Detector
e CPU Interrupt on Entry or Exit from Locked Condition

8.3 Functional Description

The CGM consists of three major submodules:

* Crystal oscillator circuit — The crystal oscillator circuit generates the constant crystal frequency
clock, CGMXCLK.

* Phase-locked loop (PLL) — The PLL generates the programmable VCO frequency clock
CGMVCLK.

* Base clock selector circuit — This software-controlled circuit selects either CGMXCLK divided by
two or the VCO clock, CGMVCLK, divided by two as the base clock, CGMOUT. The system clocks
are derived from CGMOUT.

Figure 8-1 shows the structure of the CGM.

8.3.1 Crystal Oscillator Circuit

The crystal oscillator circuit consists of an inverting amplifier and an external crystal. The OSC1 pin is the
input to the amplifier and the OSC2 pin is the output. The SIMOSCEN signal enables the crystal oscillator
circuit.

The CGMXCLK signal is the output of the crystal oscillator circuit and runs at a rate equal to the crystal
frequency. CGMXCLK is then buffered to produce CGMRCLK, the PLL reference clock.
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Clock Generator Module (CGM)

loop filter then slightly alters the dc voltage on the external capacitor connected to CGMXFC based on
the width and direction of the correction pulse. The filter can make fast or slow corrections depending on
its mode, as described in 8.3.2.2 Acquisition and Tracking Modes. The value of the external capacitor and
the reference frequency determines the speed of the corrections and the stability of the PLL.

The lock detector compares the frequencies of the VCO feedback clock, CGMVDV, and the final
reference clock, CGMRDV. Therefore, the speed of the lock detector is directly proportional to the final
reference frequency, fcgmrpy- The circuit determines the mode of the PLL and the lock condition based
on this comparison.

8.3.2.2 Acquisition and Tracking Modes

The PLL filter is manually or automatically configurable into one of two operating modes:

e Acquisition mode — In acquisition mode, the filter can make large frequency corrections to the
VCO. This mode is used at PLL startup or when the PLL has suffered a severe noise hit and the
VCO frequency is far off the desired frequency. When in acquisition mode, the ACQ bit is clear in
the PLL bandwidth control register. See 8.5.2 PLL Bandwidth Control Register.

e Tracking mode — In tracking mode, the filter makes only small corrections to the frequency of the
VCO. PLL jitter is much lower in tracking mode, but the response to noise is also slower. The PLL
enters tracking mode when the VCO frequency is nearly correct, such as when the PLL is selected
as the base clock source. See 8.3.3 Base Clock Selector Circuit. The PLL is automatically in
tracking mode when it’s not in acquisition mode or when the ACQ bit is set.

8.3.2.3 Manual and Automatic PLL Bandwidth Modes
The PLL can change the bandwidth or operational mode of the loop filter manually or automatically.

In automatic bandwidth control mode (AUTO = 1), the lock detector automatically switches between
acquisition and tracking modes. Automatic bandwidth control mode also is used to determine when the
VCO clock, CGMVCLLK, is safe to use as the source for the base clock, CGMOUT. See 8.5.2 PLL
Bandwidth Control Register. If PLL CPU interrupt requests are enabled, the software can wait for a PLL
CPU interrupt request and then check the LOCK bit. If CPU interrupts are disabled, software can poll the
LOCK bit continuously (during PLL startup, usually) or at periodic intervals. In either case, when the LOCK
bit is set, the VCO clock is safe to use as the source for the base clock. See 8.3.3 Base Clock Selector
Circuit. If the VCO is selected as the source for the base clock and the LOCK bit is clear, the PLL has
suffered a severe noise hit and the software must take appropriate action, depending on the application.
See 8.6 Interrupts.

These conditions apply when the PLL is in automatic bandwidth control mode:

* The ACQ bit (see 8.5.2 PLL Bandwidth Control Register) is a read-only indicator of the mode of the
filter. See 8.3.2.2 Acquisition and Tracking Modes.

* The ACQ bit is set when the VCO frequency is within a certain tolerance, Ay, and is cleared when
the VCO frequency is out of a certain tolerance, A,,;. See Chapter 25 Electrical Specifications.

* The LOCK bit is a read-only indicator of the locked state of the PLL.

* The LOCK bit is set when the VCO frequency is within a certain tolerance, Ay, and is cleared
when the VCO frequency is out of a certain tolerance, A, See Chapter 25 Electrical
Specifications.

* CPU interrupts can occur if enabled (PLLIE = 1) when the PLL’s lock condition changes, toggling
the LOCK bit. See 8.5.1 PLL Control Register.
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Brake Module

11.5.2 Break Address Registers

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

Register:
Address:

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

BRKH BRKL
$FEOC $FEOD
Bit 7 6 5 4 3 2 1 Bit 0
Bit 15 14 13 12 11 10 9 Bit 8
0 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 Bit 0
0 0 0 0 0 0 0 0

Figure 11-4. Break Address Registers (BRKH and BRKL)
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Monitor ROM (MON)

12.3.2 Data Format

Communication with the monitor ROM is in standard non-return-to-zero (NRZ) mark/space data format.
(See Figure 12-2 and Figure 12-3.)

The data transmit and receive rate can be anywhere up to 28.8 kBaud. Transmit and receive baud rates
must be identical.

NEXT
\Br (o {emr Y\ ere Y mrs | mme | ems ) ere Y mr7 sT0P \E,{XXXXXXXX

Figure 12-2. Monitor Data Format

NEXT

START START
$A5 BIT BITO BIT 1 BIT2 BIT 3 BIT4 / BIT5 \ BIT6 BIT7 SI;-IQI'P BIT
START STOP
BREAK _\ BIT BITO BIT 1 BIT2 BIT 3 BIT 4 BIT5 BIT6 BIT7 BIT NEXT
START

BIT

Figure 12-3. Sample Monitor Waveforms

12.3.3 Echoing

As shown in Figure 12-4, the monitor ROM immediately echoes each received byte back to the PTAO pin
for error checking.

Any result of a command appears after the echo of the last byte of the command.

SENTTO
MONITOR
Y Y Y
X READ X READ X ADDR. HIGH X ADDR. HIGH X ADDR. LOW X ADDR.LOW ) DATA X
i i i T
ECHO

RESULT
Figure 12-4. Read Transaction

12.3.4 Break Signal

A start bit followed by nine low bits is a break signal. (See Figure 12-5). When the monitor receives a break
signal, it drives the PTAO pin high for the duration of two bits before echoing the break signal.

MISSING STOP BIT —~ l-—

» TWO-STOP-BIT DELAY BEFORE ZERO ECHO

W A

Figure 12-5. Break Transaction
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Low Voltage Inhibit (LVI)

Voo

o | Lee ]

FROM CONFIG-1
CPU CLOCK FROM CONFIG-1

L LVIRST |
LOW V,, Vop > Whgp=0 \ D—» LVI RESET

DD
DIGITAL FILTER
DETECTOR [y v -1

Stop Mode
Y Filter Bypass Y

ANLGTRIP LvViouT

FROM CONFIG-1

Figure 14-1. LVI Module Block Diagram

Addr. Register Name Bit7 6 5 4 3 2 1 Bit 0
i Read:| LVIOUT 0 0 0 0 0 0 0
SFEOF LVI Status Register .
(LVISR)  write:

I:’ = Unimplemented

Figure 14-2. LVI I/O Register Summary

14.3.1 Polled LVI Operation

In applications that can operate at Vpp levels below the LVItg pg level, software can monitor Vpp by
polling the LVIOUT bit. In the configuration register, the LVIPWR bit must be at logic 1 to enable the LVI
module, and the LVIRST bit must be at logic 0 to disable LVI resets.

14.3.2 Forced Reset Operation

In applications that require Vpp to remain above the LVItg pg level, enabling LVI resets allows the LVI
module to reset the MCU when Vpp falls to the LVItgr,pg level and remains at or below that level for nine
or more consecutive CPU cycles. In the configuration register, the LVIPWR and LVIRST bits must be at
logic 1 to enable the LVI module and to enable LVI resets.

14.3.3 False Reset Protection

The Vpp pin level is digitally filtered to reduce false resets due to power supply noise. In order for the LVI
module to reset the MCU,V, must remain at or below the LVl pg level for nine or more consecutive
CPU cycles. Vpp must be above LVItg,pr for only one CPU cycle to bring the MCU out of reset.

MC68HC908AZ32A Data Sheet, Rev. 2
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Low Voltage Inhibit (LVI)

14.6.2 Stop Mode

With the LVISTOP and LVIPWR bits in the configuration register programmed to a logic 1, the LVI module
will be active after a STOP instruction. Because CPU clocks are disabled during stop mode, the LVI trip
must bypass the digital filter to generate a reset and bring the MCU out of stop.

With the LVIPWR bit in the configuration register programmed to logic 1 and the LVISTOP bit at a logic
0, the LVI module will be inactive after a STOP instruction.

Note that the LVI feature is intended to provide the safe shutdown of the microcontroller and thus
protection of related circuitry prior to any application Vpp voltage collapsing completely to an unsafe level.
It is not intended that users operate the microcontroller at lower than specified operating voltage Vpp.
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Serial Communications Interface (SCI)

16.4.2.1 Character Length

The transmitter can accommodate either 8-bit or 9-bit data. The state of the M bit in SCI control register 1
(SCC1) determines character length. When transmitting 9-bit data, bit T8 in SCI control register 3 (SCC3)
is the ninth bit (bit 8).

16.4.2.2 Character Transmission

During an SCI transmission, the transmit shift register shifts a character out to the TxD pin. The SCI data
register (SCDR) is the write-only buffer between the internal data bus and the transmit shift register. To
initiate an SCI transmission:
1. Enable the SCI by writing a logic 1 to the enable SCI bit (ENSCI) in SCI control register 1 (SCC1).
2. Enable the transmitter by writing a logic 1 to the transmitter enable bit (TE) in SCI control register 2
(SCC2).
3. Clear the SCI transmitter empty bit (SCTE) by first reading SCI status register 1 (SCS1) and then
writing to the SCDR.
4. Repeat step 3 for each subsequent transmission.

At the start of a transmission, transmitter control logic automatically loads the transmit shift register with
a preamble of logic 1s. After the preamble shifts out, control logic transfers the SCDR data into the
transmit shift register. A logic 0 start bit automatically goes into the least significant bit position of the
transmit shift register. A logic 1 stop bit goes into the most significant bit position.

The SCI transmitter empty bit, SCTE, in SCS1 becomes set when the SCDR transfers a byte to the
transmit shift register. The SCTE bit indicates that the SCDR can accept new data from the internal data
bus. If the SCI transmit interrupt enable bit, SCTIE, in SCC2 is also set, the SCTE bit generates a
transmitter CPU interrupt request.

When the transmit shift register is not transmitting a character, the TxD pin goes to the idle condition, logic
1. If at any time software clears the ENSCI bit in SCI control register 1 (SCC1), the transmitter and
receiver relinquish control of the port E pins.

16.4.2.3 Break Characters

Writing a logic 1 to the send break bit, SBK, in SCC2 loads the transmit shift register with a break
character. A break character contains all logic 0s and has no start, stop, or parity bit. Break character
length depends on the M bit in SCC1. As long as SBK is at logic 1, transmitter logic continuously loads
break characters into the transmit shift register. After software clears the SBK bit, the shift register finishes
transmitting the last break character and then transmits at least one logic 1. The automatic logic 1 at the
end of a break character guarantees the recognition of the start bit of the next character.

The SCI recognizes a break character when a start bit is followed by eight or nine logic 0 data bits and a
logic 0 where the stop bit should be. Receiving a break character has the following effects on SCI
registers:

e Sets the framing error bit (FE) in SCS1

e Sets the SCI receiver full bit (SCRF) in SCS1

e Clears the SCI data register (SCDR)

* Clears the R8 bit in SCC3

* Sets the break flag bit (BKF) in SCS2

* May set the overrun (OR), noise flag (NF), parity error (PE), or reception in progress flag (RPF) bits

MC68HC908AZ32A Data Sheet, Rev. 2
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Low-Power Modes

* Parity error (PE) — The PE bitin SCS1 is set when the SCI detects a parity error in incoming data.
The parity error interrupt enable bit, PEIE, in SCC3 enables PE to generate SCI error CPU interrupt
requests.

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

16.5.1 Wait Mode

The SCI module remains active in wait mode. Any enabled CPU interrupt request from the SCI module
can bring the MCU out of wait mode.

If SCI module functions are not required during wait mode, reduce power consumption by disabling the
module before executing the WAIT instruction.

16.5.2 Stop Mode

The SCI module is inactive in stop mode. The STOP instruction does not affect SCI register states. Any
enabled CPU interrupt request from the SCI module does not bring the MCU out of Stop mode. SCI
module operation resumes after the MCU exits stop mode.

Because the internal clock is inactive during stop mode, entering stop mode during an SCI transmission
or reception results in invalid data.

16.6 SCI During Break Module Interrupts

The BCFE bit in the break flag control register (BFCR) enables software to clear status bits during the
break state. (See Chapter 11 Brake Module).

To allow software to clear status bits during a break interrupt, write a logic 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 logic 0 to the BCFE bit. With BCFE at logic 0 (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 logic 0. After the
break, doing the second step clears the status bit.

16.7 1/O Signals

Port E shares two of its pins with the SCI module. The two SCI I/O pins are:
e PTEO/SCTxD — Transmit data
e PTE1/SCRxD — Receive data

16.7.1 PTEO/SCTxD (Transmit Data)

The PTEOQ/SCTxD pin is the serial data output from the SCI transmitter. The SCI shares the PTEO/SCTxD
pin with port E. When the SCI is enabled, the PTEO/SCTxD pin is an output regardless of the state of the
DDREZ2 bit in data direction register E (DDRE).
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Serial Peirpheral Interface (SPI)

The first part of Figure 17-7 shows how to read the SPSCR and SPDR to clear the SPRF without
problems. However, as illustrated by the second transmission example, the OVRF flag can be set in
between the time that SPSCR and SPDR are read.

In this case, an overflow can be easily missed. Since no more SPRF interrupts can be generated until this
OVREF is serviced, it will not be obvious that bytes are being lost as more transmissions are completed.
To prevent this, either enable the OVRF interrupt or do another read of the SPSCR after the read of the
SPDR. This ensures that the OVRF was not set before the SPRF was cleared and that future
transmissions will complete with an SPRF interrupt. Figure 17-8 illustrates this process. Generally, to
avoid this second SPSCR read, enable the OVRF to the CPU by setting the ERRIE bit (SPSCR).

BYTE 1 BYTE2 BYTE 3 BYTE 4
SPI RECEIVE (5) © )
COMPLETE l® l ~ l

SPRF / \ / \ / \
OVRF / \

reapsescR [ \@ @ [\® [\® [ \@ (14
READ SPDR /—\@ /—\ /@ M@
(1) BYTE 1SETS SPRF BIT. (8) CPUREADS BYTE 2 IN SPDR,
CLEARING SPRF BIT.
CPU READS SPSCR WITH SPRF BIT SET
AND OVRF BIT CLEAR. (9) CPUREADS SPSCR AGAIN
CPU READS BYTE 1IN SPDR, TO CHECK OVRF BIT.
CLEARING SPRF BIT. (10) CPU READS BYTE 2 SPDR,
(4) CPU READS SPSCR AGAIN CLEARING OVRF BIT.
TO CHECK OVRF BIT. (11) BYTE 4 SETS SPRF BIT.
(5) BYTE 2 SETS SPRF BIT. (12) GPUREADS SPSCR.
CPU READS SPSCR WITH SPRF BIT SET
® AND OVRF BIT CLEAR. @ e aoaE o | O DA,
(7) BYTE 3 SETS OVRF BIT. BYTE 3 IS LOST. () CPU READS SPSCR AGAIN
TO CHECK OVRF BIT.

Figure 17-8. Clearing SPRF When OVREF Interrupt Is Not Enabled

17.6.2 Mode Fault Error

For the MODF flag (in SPSCR) to be set, the mode fault error enable bit (MODFEN in SPSCR) must be
set. Clearing the MODFEN bit does not clear the MODF flag but does prevent MODF from being set again
after MODF is cleared.

MODF generates a receiver/error CPU interrupt request if the error interrupt enable bit (ERRIE in SPSCR)
is also set. The SPRF, MODF, and OVRF interrupts share the same CPU interrupt vector. MODF and
OVREF can generate a receiver/error CPU interrupt request. (See Figure 17-9). It is not possible to enable
only MODF or OVRF to generate a receiver/error CPU interrupt request. However, leaving MODFEN low
prevents MODF from being set.
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1/0 Signals

To allow software to clear status bits during a break interrupt, write a logic 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 logic 0 to the BCFE bit. With BCFE at logic 0 (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 logic 0. After the
break, doing the second step clears the status bit.

Since the SPTE bit cannot be cleared during a break with the BCFE bit cleared, a write to the data register
in break mode will not initiate a transmission nor will this data be transferred into the shift register.
Therefore, a write to the SPDR in break mode with the BCFE bit cleared has no effect.

17.12 1/O Signals

The SPI module has four I/O pins and shares three of them with a parallel I/O port.
e MISO — Data received
¢ MOSI — Data transmitted
e SPSCK — Serial clock
e SS — Slave select
* Vgg— Clock ground

The SPI has limited inter-integrated circuit (IzC) capability (requiring software support) as a master in a
single-master environment. To communicate with 1°C peripherals, MOSI becomes an open-drain output
when the SPWOM bit in the SPI control register is set. In I2C communication, the MOSI and MISO pins
are connected to a bidirectional pin from the 1°C peripheral and through a pullup resistor to Vpp.

17.12.1 MISO (Master In/Slave Out)

MISO is one of the two SPI module pins that transmit serial data. In full duplex operation, the MISO pin
of the master SPI module is connected to the MISO pin of the slave SPI module. The master SPI
simultaneously receives data on its MISO pin and transmits data from its MOSI pin.

Slave output data on the MISO pin is enabled only when the SPI is configured as a slave. The SPI is
configured as a slave when its SPMSTR bit is logic 0 and its SS pin is at logic 0. To support a
multiple-slave system, a logic 1 on the SS pin puts the MISO pin in a high-impedance state.

When enabled, the SPI controls data direction of the MISO pin regardless of the state of the data direction
register of the shared I/O port.

17.12.2 MOSI (Master Out/Slave In)

MOSI is one of the two SPI module pins that transmit serial data. In full duplex operation, the MOSI pin
of the master SPI module is connected to the MOSI pin of the slave SPI module. The master SPI
simultaneously transmits data from its MOSI pin and receives data on its MISO pin.

When enabled, the SPI controls data direction of the MOSI pin regardless of the state of the data direction
register of the shared I/O port.
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Timer Interface Module A (TIMA)

18.8.4 TIMA Channel Status and Control Registers

Each of the TIMA channel status and control registers:
* Flags input captures and output compares
e Enables input capture and output compare interrupts
e Selects input capture, output compare or PWM operation
e Selects high, low or toggling output on output compare
* Selects rising edge, falling edge or any edge as the active input capture trigger
* Selects output toggling on TIMA overflow
* Selects 0% and 100% PWM duty cycle
e Selects buffered or unbuffered output compare/PWM operation

Register Name and Address TASCO — $0026
Bit 7 6 5 4 3 2 1 Bit 0
Read:| CHOF
CHOIE MS0B MS0A ELSOB ELSOA TOVO CHOMAX
Write: 0
Reset: 0 0 0 0 0 0 0 0
Register Name and Address TASC1 — $0029
Bit 7 6 5 4 3 2 1 Bit 0
Read:| CHIF 0
CH1IE MS1A ELS1B ELS1A TOV1 CHIMAX
Write: 0 R
Reset: 0 0 0 0 0 0 0 0
|I| = Reserved
Register Name and Address TASC2 — $002C
Bit 7 6 5 4 3 2 1 Bit 0
Read:| CH2F
CH2IE MS2B MS2A ELS2B ELS2A TOV2 CH2MAX
Write: 0
Reset: 0 0 0 0 0 0 0 0
Register Name and Address TASC3 — $002F
Bit 7 6 5 4 3 2 1 Bit 0
Read:| CH3F 0
CHSIE MS3A ELS3B ELS3A TOV3 CH3MAX
Write: 0 R
Reset: 0 0 0 0 0 0 0 0

IIl = Reserved

Figure 18-7. TIMA Channel Status
and Control Registers (TASC0-TASCY5)
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I/0 Registers

Register Name and Address TASC4 — $0032
Bit 7 6 5 4 3 2 1 Bit0
Read:| CH4F
CH4IE MS4B MS4A ELS4B ELS4A TOV4 CH4MAX
Write: 0
Reset: 0 0 0 0 0 0 0 0
Register Name and Address TASC5 — $0035
Bit 7 6 5 4 3 2 1 Bit0
Read:| CH5F 0
CH5IE MS5A ELS5B ELS5A TOVS CH5MAX
Write: 0 R
Reset: 0 0 0 0 0 0 0 0

IIl = Reserved

Figure 18-7. TIMA Channel Status
and Control Registers (TASC0-TASCS5) (Continued)

CHxF — Channel x Flag Bit
When channel x is an input capture channel, this read/write bit is set when an active edge occurs on
the channel x pin. When channel x is an output compare channel, CHxF is set when the value in the
TIMA counter registers matches the value in the TIMA channel x registers.

When CHXIE = 1, clear CHxF by reading TIMA channel x status and control register with CHxF set and
then writing a logic 0 to CHxF. If another interrupt request occurs before the clearing sequence is
complete, then writing logic 0 to CHxF has no effect. Therefore, an interrupt request cannot be lost due
to inadvertent clearing of CHxF.
Reset clears the CHxF bit. Writing a logic 1 to CHxF has no effect.

1 = Input capture or output compare on channel x

0 = No input capture or output compare on channel x

CHXxIE — Channel x Interrupt Enable Bit
This read/write bit enables TIMA CPU interrupts on channel x.
Reset clears the CHXIE bit.
1 = Channel x CPU interrupt requests enabled
0 = Channel x CPU interrupt requests disabled

MSxB — Mode Select Bit B
This read/write bit selects buffered output compare/PWM operation. MSxB exists only in the TIMA
channel 0, TIMA channel 2 and TIMA channel 4 status and control registers.

Setting MSOB disables the channel 1 status and control register and reverts TACH1 pin to
general-purpose 1/0.

Setting MS2B disables the channel 3 status and control register and reverts TACHS pin to
general-purpose 1/0.

Setting MS4B disables the channel 5 status and control register and reverts TACH5 pin to
general-purpose 1/0.
Reset clears the MSxB bit.

1 = Buffered output compare/PWM operation enabled

0 = Buffered output compare/PWM operation disabled
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Timer Interface Module B (TIMB)

PS[2:0] — Prescaler Select Bits
These read/write bits select either the PTD4/ATD12 pin or one of the seven prescaler outputs as the
input to the TIMB counter as Table 19-1 shows. Reset clears the PS[2:0] bits.

Table 19-1. Prescaler Selection

PS[2:0] TIMB Clock Source
000 Internal Bus Clock +1
001 Internal Bus Clock + 2
010 Internal Bus Clock + 4
011 Internal Bus Clock + 8
100 Internal Bus Clock + 16
101 Internal Bus Clock + 32
110 Internal Bus Clock + 64
111 PTD4/ATD12

19.8.2 TIMB Counter Registers

The two read-only TIMB counter registers contain the high and low bytes of the value in the TIMB counter.
Reading the high byte (TBCNTH) latches the contents of the low byte (TBCNTL) into a buffer. Subsequent
reads of TBCNTH do not affect the latched TBCNTL value until TBCNTL is read. Reset clears the TIMB
counter registers. Setting the TIMB reset bit (TRST) also clears the TIMB counter registers.

NOTE
If TBCNTH is read during a break interrupt, be sure to unlatch TBCNTL by
reading TBCNTL before exiting the break interrupt. Otherwise, TBCNTL
retains the value latched during the break.

Register Name and Address TBCNTH — $0041
Bit 7 6 5 4 3 2 1 Bit 0
Read:| BIT 15 BIT 14 BIT 13 BIT 12 BIT 11 BIT 10 BIT9 BIT8
Write: R R R R R R R R
Reset: 0 0 0 0 0 0 0 0
Register Name and Address TBCNTL — $0042
Bit 7 6 5 4 3 2 1 Bit 0
Read:| BIT7 BIT 6 BIT5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O
Write: R R R R R R R R
Reset: 0 0 0 0 0 0 0 0

Iil Reserved

Figure 19-5. TIMB Counter Registers (TBCNTH and TBCNTL)
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I/0 Registers

ACKK — Keyboard Acknowledge Bit
Writing a logic 1 to this write-only bit clears the keyboard interrupt request. ACKK always reads as logic
0. Reset clears ACKK.

IMASKK — Keyboard Interrupt Mask Bit
Writing a logic 1 to this read/write bit prevents the output of the keyboard interrupt mask from
generating interrupt requests. Reset clears the IMASKK bit.
1 = Keyboard interrupt requests masked
0 = Keyboard interrupt requests not masked

MODEK — Keyboard Triggering Sensitivity Bit
This read/write bit controls the triggering sensitivity of the keyboard interrupt pins. Reset clears
MODEK.
1 = Keyboard interrupt requests on falling edges and low levels
0 = Keyboard interrupt requests on falling edges only

22.7.2 Keyboard Interrupt Enable Register

The keyboard interrupt enable register enables or disables each port G and each port H pin to operate as
a keyboard interrupt pin.

Address: $0021

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0 0
KBIE4 KBIE3 KBIE2 KBIE1 KBIEO
Write:
Reset: 0 0 0 0 0 0 0 0

I:l = Unimplemented

Figure 22-4. Keyboard Interrupt Enable Register (KBIER)

KBIE4-KBIEO — Keyboard Interrupt Enable Bits
Each of these read/write bits enables the corresponding keyboard interrupt pin to latch interrupt
requests. Reset clears the keyboard interrupt enable register.
1 = PDx pin enabled as keyboard interrupt pin
0 = PDx pin not enabled as keyboard interrupt pin
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I1/0 Ports

23.4 PortC
Port C is an 6-bit general-purpose bidirectional 1/0O port. Note that PTCS5 is only available on 64-pin
package options.

23.4.1 Port C Data Register
The port C data register contains a data latch for each of the six port C pins.

Address:  $0002

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0 0
PTC5 PTC4 PTC3 PTC2 PTC1 PTCO
Write: R R
Reset: Unaffected by Reset
Alterlnate.‘ MCLK
Functions:

Figure 23-8. Port C Data Register (PTC)

PTC[5:0] — Port C Data Bits
These read/write bits are software-programmable. Data direction of each port C pin is under the control
of the corresponding bit in data direction register C. Reset has no effect on port C data (5:0).

MCLK — System Clock Bit
The system clock is driven out of PTC2 when enabled by MCLKEN bit in PTCDDR?.
23.4.2 Data Direction Register C

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

Address:  $0006

Bit 7 6 5 4 3 2 1 Bit 0
Read: 0
MCLKEN DDRC5 DDRC4 DDRC3 DDRC2 DDRC1 DDRCO
Write: R
Reset: 0 0 0 0 0 0 0 0

IIl = Reserved

Figure 23-9. Data Direction Register C (DDRC)

MCLKEN — MCLK Enable Bit
This read/write bit enables MCLK to be an output signal on PTC2. If MCLK is enabled, DDRC2 has no
effect. Reset clears this bit.
1 = MCLK output enabled
0 = MCLK output disabled

DDRC[5:0] — Data Direction Register C Bits
These read/write bits control port C data direction. Reset clears DDRC[7:0], configuring all port C pins
as inputs.
1 = Corresponding port C pin configured as output
0 = Corresponding port C pin configured as input
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Identifier Acceptance Filter

ID15 | ID14 IDR2 ID7 | ID6 IDR3

D28 IDRO ID21 | 1D20 IDR1

D10 IDRO ID3 | ID2 IDR1 IDE
AM7 CIDMRO AMO

AC7 CIDARO ACO

ID ACCEPTED (FILTER 0 HIT)

AM7

AC7

CIDMR1 AMO

CIDAR1 ACO

A

)

AM7 CIDMR2 AMO
[
AC7 CIDAR2 ACO
C ID ACCEPTED (FILTER 2 HIT)
AM7 CIDMR3 AMO
T
AC7 CIDAR3 ACO
< ID ACCEPTED (FILTER 3 HIT)

)

Figure 24-5. Quadruple 8-Bit Maskable Acceptance Filters
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