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General Description
1.4.15  Port E I/O Pins (PTE7/SPSCK–PTE0/TxD)

Port E is an 8-bit special function port that shares two of its pins with the Timer Interface Module A (TIMA), 
four of its pins with the Serial Peripheral Interface module (SPI), and two of its pins with the Serial 
Communication Interface module (SCI). See Chapter 18 Serial Communications Interface (SCI), Chapter 
19 Serial Peripheral Interface (SPI), Chapter 25 Timer Interface Module A (TIMA), and Chapter 22 
Input/Output Ports.

1.4.16  Port F I/O Pins (PTF6–PTF0/TACH2)

Port F is a 7-bit special function port that shares its pins with the Timer Interface Module B (TIMB). Six of 
its pins are shared with the Timer Interface Module A (TIMA-6). See Chapter 25 Timer Interface Module 
A (TIMA), Chapter 20 Timer Interface Module B (TIMB), and Chapter 22 Input/Output Ports.

1.4.17  Port G I/O Pins (PTG2/KBD2–PTG0/KBD0)

Port G is a 3-bit special function port that shares all of its pins with the Keyboard Module (KBD). See 
Chapter 24 Keyboard Module (KBI) and Chapter 22 Input/Output Ports.

1.4.18  Port H I/O Pins (PTH1/KBD4–PTH0/KBD3)

Port H is a 2-bit special-function port that shares all of its pins with the Keyboard Module (KBD). See 
Chapter 24 Keyboard Module (KBI) and Chapter 22 Input/Output Ports.

1.4.19  CAN Transmit Pin (CANTx)

This pin is the digital output from the CAN module (CANTx). See Chapter 23 MSCAN Controller 
(MSCAN08).

1.4.20  CAN Receive Pin (CANRx)

This pin is the digital input to the CAN module (CANRx). See Chapter 23 MSCAN Controller (MSCAN08).

1.4.21  BDLC Transmit Pin (BDTxD)

This pin is the digital output from the BDLC module (BDTxD). See Chapter 27 Byte Data Link Controller 
(BDLC).

1.4.22  BDLC Receive Pin (BDRxD)

This pin is the digital input to the CAN module (BDRxD). See Chapter 27 Byte Data Link Controller 
(BDLC).
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Pin Assignments
Table 1-2. Clock Signal Naming Conventions

Clock Signal Name Description

CGMXCLK
Buffered version of OSC1 from 
Clock Generation Module (CGM)

CGMOUT
PLL-based or OSC1-based clock output from
Clock Generator Module (CGM)

Bus Clock CGMOUT divided by two

SPSCK SPI serial clock

TACLK External clock input for TIMA

TBCLK External clock input for TIMB

Table 1-3. Clock Source Summary

Module Clock Source

ADC CGMXCLK or Bus Clock

CAN CGMXCLK or CGMOUT

COP CGMXCLK

CPU Bus Clock

FLASH Bus Clock

EEPROM CGMXCLK or Bus Clock

RAM Bus Clock

SPI Bus Clock/SPSCK

SCI CGMXCLK

TIMA Bus Clock or PTD6/ATD14/TACLK

TIMB Bus Clock or PTD4/TBCLK

PIT Bus Clock

SIM CGMOUT and CGMXCLK

IRQ Bus Clock

BRK Bus Clock

LVI Bus Clock and CGMXCLK

CGM OSC1 and OSC2
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FLASH-2 Memory
Decreasing the value in FL2BPR by one increases the protected range by one page (128 bytes). 
However, programming the block protect register with $FE protects a range twice that size, 256 bytes, in 
the corresponding array. $FE means that locations $7F00–$7FFF are protected in FLASH-2.

The FLASH memory does not exist at some locations. The block protection range configuration is 
unaffected if FLASH memory does not exist in that range. Refer to the memory map and make sure that 
the desired locations are protected.

5.4  FLASH-2 Block Protection

Due to the ability of the on-board charge pump to erase and program the FLASH memory in the target 
application, provision is made for protecting blocks of memory from unintentional erase or program 
operations due to system malfunction. This protection is done by using the FLASH-2 Block Protection 
Register (FL2BPR). FL2BPR determines the range of the FLASH-2 memory which is to be protected. The 
range of the protected area starts from a location defined by FL2BPR and ends at the bottom of the 
FLASH-2 memory ($7FFF). When the memory is protected, the HVEN bit can not be set in either ERASE 
or PROGRAM operations.

NOTE
In performing a program or erase operation, the FLASH-2 Block Protect 
Register must be read after setting the PGM or ERASE bit and before 
asserting the HVEN bit.

When the FLASH-2 Block Protect Register is programmed with all 0’s, the entire memory is protected 
from being programmed and erased. When all the bits are erased (all 1’s), the entire memory is accessible 
for program and erase.

When bits within FL2BPR are programmed (logic 0), they lock a block of memory address ranges as 
shown in 5.3.2 FLASH-2 Block Protect Register. If FL2BPR is programmed with any value other than $FF, 
the protected block of FLASH memory can not be erased or programmed.

NOTE
The vector locations and the FLASH Block Protect Registers are located in 
the same page. FL1BPR and FL2BPR are not protected with special 
hardware or software; therefore, if this page is not protected by FL1BPR 
and the vector locations are erased by either a page or a mass erase 
operation, both FL1BPR and FL2BPR will also get erased.
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EEPROM-1 Memory
6.4.3  EEPROM-1 Program/Erase Protection

The EEPROM has a special feature that designates the 16 bytes of addresses from $08F0 to $08FF to 
be permanently secured. This program/erase protect option is enabled by programming the EEPRTCT 
bit in the EEPROM-1 Nonvolatile Register (EE1NVR) to a logic zero.

Once the EEPRTCT bit is programmed to 0 for the first time:
• Programming and erasing of secured locations $08F0 to $08FF is permanently disabled.
• Secured locations $08F0 to $08FF can be read as normal.
• Programming and erasing of EE1NVR is permanently disabled.
• Bulk and Block Erase operations are disabled for the unprotected locations $0800-$08EF, 

$0900-$09FF.
• Single byte program and erase operations are still available for locations $0800-$08EF and 

$0900-$09FF for all bytes that are not protected by the EEPROM-1 Block Protect EEBPx bits (see 
6.4.4 EEPROM-1 Block Protection and 6.5.2 EEPROM-1 Array Configuration Register)

NOTE
Once armed, the protect option is permanently enabled. As a consequence, 
all functions in the EE1NVR will remain in the state they were in 
immediately before the security was enabled.

6.4.4  EEPROM-1 Block Protection

The 512 bytes of EEPROM-1 are divided into four 128-byte blocks. Each of these blocks can be protected 
from erase/program operations by setting the EEBPx bit in the EE1NVR. Table 6-1 shows the address 
ranges for the blocks.

These bits are effective after a reset or a upon read of the EE1NVR register. The block protect 
configuration can be modified by erasing/programming the corresponding bits in the EE1NVR register 
and then reading the EE1NVR register. Please see 6.5.2 EEPROM-1 Array Configuration Register for 
more information.

NOTE
Once EEDIVSECD in the EE1DIVHNVR is programmed to 0 and after a 
system reset, the EE1DIV security feature is permanently enabled because 
the EEDIVSECD bit in the EE1DIVH is always loaded with 0 thereafter. 
Once this security feature is armed, erase and program mode are disabled 
for EE1DIVHNVR and EE1DIVLNVR. Modifications to the EE1DIVH and 
EE1DIVL registers are also disabled. Therefore, be cautious on 
programming a value into the EE1DIVHNVR.

Table 6-1. EEPROM-1 Array Address Blocks

Block Number (EEBPx) Address Range

EEBP0 $0800–$087F

EEBP1 $0880–$08FF

EEBP2 $0900–$097F

EEBP3 $0980–$09FF
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EEPROM-1 Memory
6.4.5.2  EEPROM-1 Programming

The unprogrammed or erase state of an EEPROM bit is a logic 1. Programming changes the state to a 
logic 0. Only EEPROM bytes in the non-protected blocks and the EE1NVR register can be programmed.

Use the following procedure to program a byte of EEPROM:
1. Clear EERAS1 and EERAS0 and set EELAT in the EE1CR.(A)

NOTE
If using the AUTO mode, also set the AUTO bit during Step 1.

2. Write the desired data to the desired EEPROM address.(B)

3. Set the EEPGM bit.(C) Go to Step 7 if AUTO is set.
4. Wait for time, tEEPGM, to program the byte.
5. Clear EEPGM bit.
6. Wait for time, tEEFPV, for the programming voltage to fall. Go to Step 8.
7. Poll the EEPGM bit until it is cleared by the internal timer.(D)

8. Clear EELAT bits.(E)

NOTE
A. EERAS1 and EERAS0 must be cleared for programming. Setting the 
EELAT bit configures the address and data buses to latch data for 
programming the array. Only data with a valid EEPROM-1 address will be 
latched. If EELAT is set, other writes to the EE1CR will be allowed after a 
valid EEPROM-1 write.

B. If more than one valid EEPROM write occurs, the last address and data 
will be latched overriding the previous address and data. Once data is 
written to the desired address, do not read EEPROM-1 locations other than 
the written location. (Reading an EEPROM location returns the latched data 
and causes the read address to be latched).

C. The EEPGM bit cannot be set if the EELAT bit is cleared or a non-valid 
EEPROM address is latched. This is to ensure proper programming 
sequence. Once EEPGM is set, do not read any EEPROM-1 locations; 
otherwise, the current program cycle will be unsuccessful. When EEPGM 
is set, the on-board programming sequence will be activated.

D. The delay time for the EEPGM bit to be cleared in AUTO mode is less 
than tEEPGM. However, on other MCUs, this delay time may be different. 
For forward compatibility, software should not make any dependency on 
this delay time.

E. Any attempt to clear both EEPGM and EELAT bits with a single 
instruction will only clear EEPGM. This is to allow time for removal of high 
voltage from the EEPROM-1 array.
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Clock Generator Module (CGM)
10.3.2.1  Circuits

The PLL consists of these circuits:
• Voltage-controlled oscillator (VCO)
• Modulo VCO frequency divider
• Phase detector
• Loop filter
• Lock detector

The operating range of the VCO is programmable for a wide range of frequencies and for maximum 
immunity to external noise, including supply and CGMXFC noise. The VCO frequency is bound to a range 
from roughly one-half to twice the center-of-range frequency, fCGMVRS. Modulating the voltage on the 
CGMXFC pin changes the frequency within this range. By design, fCGMVRS is equal to the nominal 
center-of-range frequency, fNOM, (4.9152 MHz) times a linear factor L or (L)fNOM.

CGMRCLK is the PLL reference clock, a buffered version of CGMXCLK. CGMRCLK runs at a frequency, 
fCGMRCLK, and is fed to the PLL through a buffer. The buffer output is the final reference clock, CGMRDV, 
running at a frequency fCGMRDV = fCGMRCLK.

The VCO’s output clock, CGMVCLK, running at a frequency fCGMVCLK, is fed back through a 
programmable modulo divider. The modulo divider reduces the VCO clock by a factor, N. The divider’s 
output is the VCO feedback clock, CGMVDV, running at a frequency fCGMVDV = fCGMVCLK/N. 10.3.2.4 
Programming the PLL for more information.

The phase detector then compares the VCO feedback clock, CGMVDV, with the final reference clock, 
CGMRDV. A correction pulse is generated based on the phase difference between the two signals. The 
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 10.3.2.2 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, fCGMRDV. The circuit determines the mode of the PLL and the lock condition based 
on this comparison.

10.3.2.2  Acquisition and Tracking Modes

The PLL filter is manually or automatically configurable into one of two operating modes:
• 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 10.5.2 PLL Bandwidth Control Register.

• 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 10.3.3 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. 
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Chapter 12 
Configuration Register (CONFIG-2)

12.1  Introduction

This chapter describes the configuration register (CONFIG-2). This register contains bits that configure 
these options:

• Configures the device to either the MC68HC08AZxx emulator or the MC68HC08ASxx emulator
• Disables the CAN module

12.2  Functional Description

The configuration register is a write-once register. Out of reset, the configuration register will read the 
default. Once the register is written, further writes will have no effect until a reset occurs.

AT60A — Device Indicator
This read-only bit is used to distinguish an MC68HC908AS60A and MC68HC908AZ60A from older 
non-’A’ suffix versions.

1 = ‘A’ version
0 = Non-’A’ version

EEDIVCLK — EEPROM Timebase Divider Clock Select Bit
This bit selects the reference clock source for the EEPROM-1 and EEPROM-2 timebase divider 
modules.

1 = EExDIV clock input is driven by internal bus clock
0 = EExDIV clock input is driven by CGMXCLK

MSCAND — MSCAN Disable Bit
MSCAND disables the MSCAN module. (See Chapter 23 MSCAN Controller (MSCAN08)).

1 = MSCAN module disabled
0 = MSCAN Module enabled

Address: $FE09

Bit 7 6 5 4 3 2 1 Bit 0

Read: EEDIV
CLK

R R MSCAND
AT60A

R R AZxx
Write: R

Reset: 0 0 0 1 1 0 0 0

R = Reserved

Figure 12-1. Configuration Register (CONFIG-2)
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Monitor ROM (MON)
14.3.2  Data Format

Communication with the monitor ROM is in standard non-return-to-zero (NRZ) mark/space data format. 
(See Figure 14-2 and Figure 14-3.)

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

Figure 14-2. Monitor Data Format

Figure 14-3. Sample Monitor Waveforms

14.3.3  Echoing

As shown in Figure 14-4, the monitor ROM immediately echoes each received byte back to the PTA0 pin 
for error checking. 

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

Figure 14-4. Read Transaction

14.3.4  Break Signal

A start bit followed by nine low bits is a break signal. (See Figure 14-5). When the monitor receives a break 
signal, it drives the PTA0 pin high for the duration of two bits before echoing the break signal.

Figure 14-5. Break Transaction
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MC68HC908AZ60A • MC68HC908AS60A • MC68HC908AS60E Data Sheet, Rev. 6

156 Freescale Semiconductor



Computer Operating Properly (COP)
15.7.2  Stop Mode

Stop mode turns off the CGMXCLK input to the COP and clears the COP prescaler. Service the COP 
immediately before entering or after exiting stop mode to ensure a full COP timeout period after entering 
or exiting stop mode.

The STOP bit in the configuration register (CONFIG) enables the STOP instruction. To prevent 
inadvertently turning off the COP with a STOP instruction, disable the STOP instruction by clearing the 
STOP bit.

15.8  COP Module During Break Interrupts

The COP is disabled during a break interrupt when VHi is present on the RST pin.
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Serial Communications Interface (SCI)
18.4.2.3  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 1. The automatic 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:

• Sets the framing error bit (FE) in SCS1
• Sets the SCI receiver full bit (SCRF) in SCS1
• 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

SCI Status Register 1 (SCS1)

Read: SCTE TC SCRF IDLE OR NF FE PE

Write:

Reset: 1 1 0 0 0 0 0 0

SCI Data Register (SCDR)

Read: R7 R6 R5 R4 R3 R2 R1 R0

Write: T7 T6 T5 T4 T3 T2 T1 T0

Reset: Unaffected by Reset

SCI Baud Rate Register (SCBR)

Read: 0 0
SCP1 SCP0 R SCR2 SCR1 SCR0

Write:

Reset: 0 0 0 0 0 0 0 0

Table 18-3. SCI Transmitter I/O Address Summary

Register SCC1 SCC2 SCC3 SCS1 SCDR SCBR

Address $0013 $0014 $0015 $0016 $0018 $0019

Register Name Bit 7 6 5 4 3 2 1 Bit 0

= Unimplemented U = Unaffected R = Reserved

Figure 18-5. SCI Transmitter I/O Register Summary (Continued)
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Functional Description
For an 8-bit character, data sampling of the stop bit takes the receiver
9 bit times × 16 RT cycles + 10 RT cycles = 154 RT cycles.
With the misaligned character shown in Figure 18-9, the receiver counts 154 RT cycles at the point 
when the count of the transmitting device is 9 bit times × 16 RT cycles + 3 RT cycles = 147 RT cycles.
The maximum percent difference between the receiver count and the transmitter count of a slow 8-bit 
character with no errors is

For a 9-bit character, data sampling of the stop bit takes the receiver
10 bit times × 16 RT cycles + 10 RT cycles = 170 RT cycles.
With the misaligned character shown in Figure 18-9, the receiver counts 170 RT cycles at the point 
when the count of the transmitting device is 10 bit 
times × 16 RT cycles + 3 RT cycles = 163 RT cycles.
The maximum percent difference between the receiver count and the transmitter count of a slow 9-bit 
character with no errors is

Fast Data Tolerance
Figure 18-10 shows how much a fast received character can be misaligned without causing a noise 
error or a framing error. The fast stop bit ends at RT10 instead of RT16 but is still there for the stop bit 
data samples at RT8, RT9, and RT10.

Figure 18-10. Fast Data

For an 8-bit character, data sampling of the stop bit takes the receiver
9 bit times × 16 RT cycles + 10 RT cycles = 154 RT cycles.
With the misaligned character shown in Figure 18-10, the receiver counts 154 RT cycles at the point 
when the count of the transmitting device is 10 bit times × 16 RT cycles = 160 RT cycles.
The maximum percent difference between the receiver count and the transmitter count of a fast 8-bit 
character with no errors is 

For a 9-bit character, data sampling of the stop bit takes the receiver
10 bit times × 16 RT cycles + 10 RT cycles = 170 RT cycles.
With the misaligned character shown in Figure 18-10, the receiver counts 170 RT cycles at the point 
when the count of the transmitting device is 11 bit times × 16 RT cycles = 176 RT cycles.
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Serial Communications Interface (SCI)
18.7  I/O Signals

Port E shares two of its pins with the SCI module. The two SCI I/O pins are:
• PTE0/SCTxD — Transmit data
• PTE1/SCRxD — Receive data

18.7.1  PTE0/SCTxD (Transmit Data)

The PTE0/SCTxD pin is the serial data output from the SCI transmitter. The SCI shares the PTE0/SCTxD 
pin with port E. When the SCI is enabled, the PTE0/SCTxD pin is an output regardless of the state of the 
DDRE2 bit in data direction register E (DDRE).

18.7.2  PTE1/SCRxD (Receive Data)

The PTE1/SCRxD pin is the serial data input to the SCI receiver. The SCI shares the PTE1/SCRxD pin 
with port E. When the SCI is enabled, the PTE1/SCRxD pin is an input regardless of the state of the 
DDRE1 bit in data direction register E (DDRE).

18.8  I/O Registers

The following I/O registers control and monitor SCI operation:
• 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)

18.8.1  SCI Control Register 1

SCI control register 1:
• Enables loop mode operation
• Enables the SCI
• Controls output polarity
• Controls character length
• Controls SCI wakeup method
• Controls idle character detection
• Enables parity function
• Controls parity type
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I/O Registers
LOOPS — Loop Mode Select Bit
This read/write bit enables loop mode operation. In loop mode the RxD pin is disconnected from the 
SCI, and the transmitter output goes into the receiver input. Both the transmitter and the receiver must 
be enabled to use loop mode. Reset clears the LOOPS bit.

1 = Loop mode enabled
0 = Normal operation enabled

ENSCI — Enable SCI Bit
This read/write bit enables the SCI and the SCI baud rate generator. Clearing ENSCI sets the SCTE 
and TC bits in SCI status register 1 and disables transmitter interrupts. Reset clears the ENSCI bit.

1 = SCI enabled
0 = SCI disabled

TXINV — Transmit Inversion Bit
This read/write bit reverses the polarity of transmitted data. Reset clears the TXINV bit.

1 = Transmitter output inverted
0 = Transmitter output not inverted

NOTE
Setting the TXINV bit inverts all transmitted values, including idle, break, 
start, and stop bits. 

M — Mode (Character Length) Bit
This read/write bit determines whether SCI characters are eight or nine bits long. (See Table 18-8).The 
ninth bit can serve as an extra stop bit, as a receiver wakeup signal, or as a parity bit. Reset clears the 
M bit.

1 = 9-bit SCI characters
0 = 8-bit SCI characters

WAKE — Wakeup Condition Bit
This read/write bit determines which condition wakes up the SCI: a logic 1 (address mark) in the most 
significant bit position of a received character or an idle condition on the RxD pin. Reset clears the 
WAKE bit.

1 = Address mark wakeup
0 = Idle line wakeup

ILTY — Idle Line Type Bit 
This read/write bit determines when the SCI starts counting logic 1s as idle character bits. The counting 
begins either after the start bit or after the stop bit. If the count begins after the start bit, then a string 
of logic 1s preceding the stop bit may cause false recognition of an idle character. Beginning the count 
after the stop bit avoids false idle character recognition, but requires properly synchronized 
transmissions. Reset clears the ILTY bit.

1 = Idle character bit count begins after stop bit

Address: $0013

Bit 7 6 5 4 3 2 1 Bit 0

Read:
LOOPS ENSCI TXINV M WAKE ILLTY PEN PTY

Write:

Reset: 0 0 0 0 0 0 0 0

Figure 18-11. SCI Control Register 1 (SCC1)
MC68HC908AZ60A • MC68HC908AS60A • MC68HC908AS60E Data Sheet, Rev. 6

Freescale Semiconductor 193



Port F
22.7.1  Port F Data Register

The port F data register contains a data latch for each of the seven port F pins.

PTF[6:0] — Port F Data Bits
These read/write bits are software programmable. Data direction of each port F pin is under the control 
of the corresponding bit in data direction register F. Reset has no effect on PTF[6:0].

TACH[5:2] — Timer A Channel I/O Bits
The PTF3–PTF0/TACH2 pins are the TIM input capture/output compare pins. The edge/level select 
bits, ELSxB:ELSxA, determine whether the PTF3–PTF0/TACH2 pins are timer channel I/O pins or 
general-purpose I/O pins. (See 25.8.1 TIMA Status and Control Register).

TBCH[1:0] — Timer B Channel I/O Bits
The PTF5/TBCH1–PTF4/TBCH0 pins are the TIMB input capture/output compare pins. The edge/level 
select bits, ELSxB:ELSxA, determine whether the PTF5/TBCH1–PTF4/TBCH0 pins are timer channel 
I/O pins or general-purpose I/O pins. (See 20.8.1 TIMB Status and Control Register).

NOTE
Data direction register F (DDRF) does not affect the data direction of port F 
pins that are being used by the TIM. However, the DDRF bits always 
determine whether reading port F returns the states of the latches or the 
states of the pins. (See Table 22-6).

22.7.2  Data Direction Register F

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

Address: $0009

Bit 7 6 5 4 3 2 1 Bit 0

Read: 0
PTF6 PTF5 PTF4 PTF3 PTF2 PTF1 PTF0

Write: R

Reset: Unaffected by Reset

Alternative
Function:

TBCH1 TBCH0 TACH5 TACH4 TACH3 TACH2

R = Reserved

Figure 22-17. Port F Data Register (PTF)

Address: $000D

Bit 7 6 5 4 3 2 1 Bit 0

Read: 0
DDRF6 DDRF5 DDRF4 DDRF3 DDRF2 DDRF1 DDRF0

Write: R

Reset: 0 0 0 0 0 0 0 0

R = Reserved

Figure 22-18. Data Direction Register F (DDRF)
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Input/Output Ports
DDRG[2:0] — Data Direction Register G Bits
These read/write bits control port G data direction. Reset clears DDRG[2:0], 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 22-22 shows the port G I/O logic.

Figure 22-22. Port G I/O Circuit

When bit DDRGx is a logic 1, reading address $000A reads the PTGx data latch. When bit 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 22-7 summarizes the operation of the port G pins.

Table 22-7. Port G Pin Functions

DDRG
Bit

PTG
Bit

I/O Pin
Mode

Accesses to DDRG Accesses to PTG

Read/Write Read Write

0 X Input, Hi-Z DDRG[2:0] Pin PTG[2:0](1)

1 X Output DDRG[2:0] PTG[2:0] PTG[2:0]

X = don’t care
Hi-Z = high impedance
1. Writing affects data register, but does not affect input.

READ DDRG ($000E)

WRITE DDRG ($000E)

RESET

WRITE PTG ($000A)

READ PTG ($000A)

PTGx

DDRGx

PTGx

IN
TE

R
N

AL
 D

AT
A 

BU
S
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MSCAN Controller (MSCAN08)
23.12  Programmer’s Model of Message Storage

This subsection details the organization of the receive and transmit message buffers and the associated 
control registers. For reasons of programmer interface simplification, the receive and transmit message 
buffers have the same outline. Each message buffer allocates 16 bytes in the memory map containing a 
13-byte data structure. An additional transmit buffer priority register (TBPR) is defined for the transmit 
buffers.

23.12.1  Message Buffer Outline

Figure 23-11 shows the common 13-byte data structure of receive and transmit buffers for extended 
identifiers. The mapping of standard identifiers into the IDR registers is shown in Figure 23-12. All bits of 
the 13-byte data structure are undefined out of reset.

NOTE
The foreground receive buffer can be read anytime but cannot be written. 
The transmit buffers can be read or written anytime.

23.12.2  Identifier Registers 

The identifiers consist of either 11 bits (ID10–ID0) for the standard, or 29 bits (ID28–ID0) for the extended 
format. ID10/28 is the most significant bit and is transmitted first on the bus during the arbitration 
procedure. The priority of an identifier is defined to be highest for the smallest binary number.

SRR — Substitute Remote Request
This fixed recessive bit is used only in extended format. It must be set to 1 by the user for transmission 
buffers and will be stored as received on the CAN bus for receive buffers.

Addr Register Name
$05x0 IDENTIFIER REGISTER 0
$05x1 IDENTIFIER REGISTER 1

$05x2 IDENTIFIER REGISTER 2

$05x3 IDENTIFIER REGISTER 3
$05x4 DATA SEGMENT REGISTER 0

$05x5 DATA SEGMENT REGISTER 1

$05x6 DATA SEGMENT REGISTER 2
$05x7 DATA SEGMENT REGISTER 3

$05x8 DATA SEGMENT REGISTER 4

$05x9 DATA SEGMENT REGISTER 5
$05xA DATA SEGMENT REGISTER 6

$05xB DATA SEGMENT REGISTER 7

$05xC DATA LENGTH REGISTER

$05xD TRANSMIT BUFFER PRIORITY REGISTER(1)

$05xE UNUSED

$05xF UNUSED
1. Where x equals the following:

x = 4 for receiver buffer
x = 5 for transmit buffer 1
x = 6 for transmit buffer 2
x = 7 for transmit buffer 3

2. Not applicable for receive buffers

Figure 23-10. Message Buffer Organization
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I/O Registers
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

CHxIE — 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 MS0B disables the channel 1 status and control register and reverts TACH1 pin to 
general-purpose I/O.

Setting MS2B disables the channel 3 status and control register and reverts TACH3 pin to 
general-purpose I/O.

Setting MS4B disables the channel 5 status and control register and reverts TACH5 pin to 
general-purpose I/O.

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 25-2.

1 = Unbuffered output compare/PWM operation
0 = Input capture operation

Register Name and Address TASC5 — $0035

Bit 7 6 5 4 3 2 1 Bit 0

Read: CH5F
CH5IE

0
MS5A ELS5B ELS5A TOV5 CH5MAX

Write: 0 R

Reset: 0 0 0 0 0 0 0 0

R  = Reserved

Figure 25-7. TIMA Channel Status and Control Registers (TASC0–TASC5) (Continued)
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I/O Registers
TOVx — Toggle-On-Overflow Bit
When channel x is an output compare channel, this read/write bit controls the behavior of the channel 
x output when the TIMA counter overflows. When channel x is an input capture channel, TOVx has no 
effect. Reset clears the TOVx bit.

1 = Channel x pin toggles on TIMA counter overflow.
0 = Channel x pin does not toggle on TIMA counter overflow.

NOTE
When TOVx is set, a TIMA counter overflow takes precedence over a 
channel x output compare if both occur at the same time.

CHxMAX — Channel x Maximum Duty Cycle Bit
When the TOVx bit is at logic 1, setting the CHxMAX bit forces the duty cycle of buffered and 
unbuffered PWM signals to 100%. As Figure 25-8 shows, the CHxMAX bit takes effect in the cycle after 
it is set or cleared. The output stays at the 100% duty cycle level until the cycle after CHxMAX is 
cleared.

Figure 25-8. CHxMAX Latency

25.8.5  TIMA Channel Registers

These read/write registers contain the captured TIMA counter value of the input capture function or the 
output compare value of the output compare function. The state of the TIMA channel registers after reset 
is unknown.

In input capture mode (MSxB–MSxA = 0:0) reading the high byte of the TIMA channel x registers 
(TACHxH) inhibits input captures until the low byte (TACHxL) is read.

In output compare mode (MSxB–MSxA ≠ 0:0) writing to the high byte of the TIMA channel x registers 
(TACHxH) inhibits output compares and the CHxF bit until the low byte (TACHxL) is written.

Register Name and Address TACH0H — $0027

Bit 7 6 5 4 3 2 1 Bit 0

Read:
Bit 15 Bit 14 Bit 13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8

Write:

Reset: Indeterminate after Reset

Figure 25-9. TIMA Channel Registers (TACH0H/L–TACH5H/L) (Sheet 1 of 3)
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BDLC MUX Interface
Idle
An idle is defined as a passive period greater than 300 μs in length.

27.4.4  J1850 VPW Valid/Invalid Bits and Symbols

The timing tolerances for receiving data bits and symbols from the J1850 bus have been defined to allow 
for variations in oscillator frequencies. In many cases the maximum time allowed to define a data bit or 
symbol is equal to the minimum time allowed to define another data bit or symbol.

Since the minimum resolution of the BDLC for determining what symbol is being received is equal to a 
single period of the MUX interface clock (tBDLC), an apparent separation in these maximum time/minimum 
time concurrences equal to one cycle of tBDLC occurs.

This one clock resolution allows the BDLC to differentiate properly between the different bits and symbols. 
This is done without reducing the valid window for receiving bits and symbols from transmitters onto the 
J1850 bus which have varying oscillator frequencies.

In Huntsinger’s’ variable pulse width (VPW) modulation bit encoding, the tolerances for both the passive 
and active data bits received and the symbols received are defined with no gaps between definitions. For 
example, the maximum length of a passive logic 0 is equal to the minimum length of a passive logic 1, 
and the maximum length of an active logic 0 is equal to the minimum length of a valid SOF symbol.

Invalid Passive Bit
See Figure 27-7 (1). If the passive-to-active received transition beginning the next data bit or symbol 
occurs between the active-to-passive transition beginning the current data bit (or symbol) and a, the 
current bit would be invalid.

Figure 27-7. J1850 VPW Received Passive Symbol Times
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