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Memory
$000C
Data Direction Register E

(DDRE)
See page 184.

Read: 0 0
DDRE5 DDRE4 DDRE3 DDRE2 DDRE1 DDRE0

Write:

Reset: 0 0 0 0 0 0 0 0

$000D
Port A Input Pullup Enable

Register (PTAPUE)
See page 175.

Read:
PTAPUE7 PTAPUE6 PTAPUE5 PTAPUE4 PTAPUE3 PTAPUE2 PTAPUE1 PTAPUE0

Write:

Reset: 0 0 0 0 0 0 0 0

$000E
Port C Input Pullup Enable

Register (PTCPUE)
See page 180.

Read: 0
PTCPUE6 PTCPUE5 PTCPUE4 PTCPUE3 PTCPUE2 PTCPUE1 PTCPUE0

Write:

Reset: 0 0 0 0 0 0 0 0

$000F
Port D Input Pullup Enable

Register (PTDPUE)
See page 182.

Read:
PTDPUE7 PTDPUE6 PTDPUE5 PTDPUE4 PTDPUE3 PTDPUE2 PTDPUE1 PTDPUE0

Write:

Reset: 0 0 0 0 0 0 0 0

$0010
SPI Control Register

(SPCR)
See page 255.

Read:
SPRIE R SPMSTR CPOL CPHA SPWOM SPE SPTIE

Write:

Reset: 0 0 1 0 1 0 0 0

$0011
SPI Status and Control

Register (SPSCR)
See page 256.

Read: SPRF
ERRIE

OVRF MODF SPTE
MODFEN SPR1 SPR0

Write:

Reset: 0 0 0 0 1 0 0 0

$0012
SPI Data Register

(SPDR)
See page 258.

Read: R7 R6 R5 R4 R3 R2 R1 R0

Write: T7 T6 T5 T4 T3 T2 T1 T0

Reset: Unaffected by reset

$0013
ESCI Control Register 1

(SCC1)
See page 204.

Read:
LOOPS ENSCI TXINV M WAKE ILTY PEN PTY

Write:

Reset: 0 0 0 0 0 0 0 0

$0014
ESCI Control Register 2

(SCC2)
See page 206.

Read:
SCTIE TCIE SCRIE ILIE TE RE RWU SBK

Write:

Reset: 0 0 0 0 0 0 0 0

$0015
ESCI Control Register 3

(SCC3)
See page 208.

Read: R8
T8 R R ORIE NEIE FEIE PEIE

Write:

Reset: U 0 0 0 0 0 0 0

$0016
ESCI Status Register 1

(SCS1)
See page 209.

Read: SCTE TC SCRF IDLE OR NF FE PE

Write:

Reset: 1 1 0 0 0 0 0 0

$0017
ESCI Status Register 2

(SCS2)
See page 211.

Read: 0 0 0 0 0 0 BKF RPF

Write:

Reset: 0 0 0 0 0 0 0 0

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

= Unimplemented R = Reserved U = Unaffected

Figure 2-2. Control, Status, and Data Registers (Sheet 2 of 9)
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Analog-to-Digital Converter (ADC)
3.8.2  ADC Data Register High and Data Register Low 

3.8.2.1  Left Justified Mode

In left justified mode, the ADRH register holds the eight MSBs of the 
10-bit result. The ADRL register holds the two LSBs of the 10-bit result. All other bits read as 0. ADRH 
and ADRL are updated each time an ADC single channel conversion completes. Reading ADRH latches 
the contents of ADRL until ADRL is read. All subsequent results will be lost until the ADRH and ADRL 
reads are completed.

3.8.2.2  Right Justified Mode

In right justified mode, the ADRH register holds the two MSBs of the 
10-bit result. All other bits read as 0. The ADRL register holds the eight LSBs of the 10-bit result. ADRH 
and ADRL are updated each time an ADC single channel conversion completes. Reading ADRH latches 
the contents of ADRL until ADRL is read. All subsequent results will be lost until the ADRH and ADRL 
reads are completed.

Address: $003D ADRH

Bit 7 6 5 4 3 2 1 Bit 0

Read: AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2

Write:

Reset: Unaffected by reset

Address: $003E ADRL

Read: AD1 AD0 0 0 0 0 0 0

Write:

Reset: Unaffected by reset

= Unimplemented

Figure 3-5. ADC Data Register High (ADRH) and Low (ADRL)

Address: $003D ADRH

Bit 7 6 5 4 3 2 1 Bit 0

Read: 0 0 0 0 0 0 AD9 AD8

Write:

Reset: Unaffected by reset

Address: $003E ADRL

Read: AD7 AD6 AD5 AD4 AD3 AD2 AD1 AD0

Write:

Reset: Unaffected by reset

= Unimplemented

Figure 3-6. ADC Data Register High (ADRH) and Low (ADRL)
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Clock Generator Module (CGM)
NOTE
Do not inadvertently clear the PLLF bit. Any read or read-modify-write 
operation on the PLL control register clears the PLLF bit. 

PLLON — PLL On Bit
This read/write bit activates the PLL and enables the VCO clock, CGMVCLK. PLLON cannot be 
cleared if the VCO clock is driving the base clock, CGMOUT (BCS = 1). (See 4.3.8 Base Clock Selector 
Circuit.) Reset sets this bit so that the loop can stabilize as the MCU is powering up.

1 = PLL on
0 = PLL off

BCS — Base Clock Select Bit
This read/write bit selects either the crystal oscillator output, CGMXCLK, or the VCO clock, 
CGMVCLK, as the source of the CGM output, CGMOUT. CGMOUT frequency is one-half the 
frequency of the selected clock. BCS cannot be set while the PLLON bit is clear. After toggling BCS, 
it may take up to three CGMXCLK and three CGMVCLK cycles to complete the transition from one 
source clock to the other. During the transition, CGMOUT is held in stasis. (See 4.3.8 Base Clock 
Selector Circuit.) Reset clears the BCS bit.

1 = CGMVCLK divided by two drives CGMOUT
0 = CGMXCLK divided by two drives CGMOUT

NOTE
PLLON and BCS have built-in protection that prevents the base clock 
selector circuit from selecting the VCO clock as the source of the base clock 
if the PLL is off. Therefore, PLLON cannot be cleared when BCS is set, and 
BCS cannot be set when PLLON is clear. If the PLL is off (PLLON = 0), 
selecting CGMVCLK requires two writes to the PLL control register. (See 
4.3.8 Base Clock Selector Circuit.).

VPR1 and VPR0 — VCO Power-of-Two Range Select Bits
These read/write bits control the VCO’s hardware power-of-two range multiplier E that, in conjunction 
with L controls the hardware center-of-range frequency, fVRS. VPR1:VPR0 cannot be written when the 
PLLON bit is set. Reset clears these bits. (See 4.3.3 PLL Circuits, 4.3.6 Programming the PLL, and 
4.5.5 PLL VCO Range Select Register.) 

NOTE
Verify that the value of the VPR1 and VPR0 bits in the PCTL register are 
appropriate for the given reference and VCO clock frequencies before 
enabling the PLL. See 4.3.6 Programming the PLL for detailed instructions 
on selecting the proper value for these control bits.

Table 4-4. VPR1 and VPR0 Programming

VPR1 and VPR0 E
VCO Power-of-Two

Range Multiplier

00 0 1

01 1 2

10 2(1)

1. Do not program E to a value of 3.

4
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Low-Power Modes
An interrupt signal on an edge-triggered pin can be acknowledged immediately after enabling the pin. An 
interrupt signal on an edge- and level-triggered interrupt pin must be acknowledged after a delay that 
depends on the external load.

Another way to avoid a false interrupt:

1. Configure the keyboard pins as outputs by setting the appropriate DDRA bits in data direction 
register A.

2. Write 1s (or 0s) to the appropriate port A data register bits.

3. Enable the KBI pins and polarity by setting the appropriate KBIEx bits in the keyboard interrupt 
enable register and the KBIPx bits in the keyboard interrupt polarity register.

9.5  Low-Power Modes

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

9.5.1  Wait Mode

The keyboard module remains active in wait mode. Clearing the IMASKK bit in the keyboard status and 
control register enables keyboard interrupt requests to bring the MCU out of wait mode.

9.5.2  Stop Mode

The keyboard module remains active in stop mode. Clearing the IMASKK bit in the keyboard status and 
control register enables keyboard interrupt requests to bring the MCU out of stop mode.

9.6  Keyboard Module During Break Interrupts

The system integration module (SIM) controls whether the keyboard interrupt latch can be cleared during 
the break state. The BCFE bit in the break flag control register (BFCR) enables software to clear status 
bits during the break state.

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

To protect the latch during the break state, write a 0 to the BCFE bit. With BCFE at 0 (its default state), 
writing to the keyboard acknowledge bit (ACKK) in the keyboard status and control register during the 
break state has no effect. See 9.7.1 Keyboard Status and Control Register.

9.7  I/O Registers

These registers control and monitor operation of the keyboard module:

• Keyboard status and control register (INTKBSCR)

• Keyboard interrupt enable register (INTKBIER)

• Keyboard interrupt polarity register (INTKBIPR)
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MSCAN08 Controller (MSCAN08)
12.12.1  Message Buffer Outline

Figure 12-12 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 12-13. 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.

Addr. Register Bit 7 6 5 4 3 2 1 Bit 0

$05b0 IDR0
Read:

ID28 ID27 ID26 ID25 ID24 ID23 ID22 ID21
Write:

$05b1 IDR1
Read:

ID20 ID19 ID18 SRR (=1) IDE (=1) ID17 ID16 ID15
Write:

$05b2 IDR2
Read:

ID14 ID13 ID12 ID11 ID10 ID9 ID8 ID7
Write:

$05b3 IDR3
Read:

ID6 ID5 ID4 ID3 ID2 ID1 ID0 RTR
Write:

$05b4 DSR0
Read:

DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0
Write:

$05b5 DSR1
Read:

DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0
Write:

$05b6 DSR2
Read:

DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0
Write:

$05b7 DSR3
Read:

DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0
Write:

$05b8 DSR4
Read:

DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0
Write:

$05b9 DSR5
Read:

DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0
Write:

$05bA DSR6
Read:

DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0
Write:

$05bB DSR7
Read:

DB7 DB6 DB5 DB4 DB3 DB2 DB1 DB0
Write:

$05bC DLR
Read:

DLC3 DLC2 DLC1 DLC0
Write:

= Unimplemented

Figure 12-12. Receive/Transmit Message Buffer Extended Identifier (IDRn)
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MSCAN08 Controller (MSCAN08)
12.12.3  Data Length Register (DLR)

This register keeps the data length field of the CAN frame. 

DLC3–DLC0 — Data Length Code Bits
The data length code contains the number of bytes (data byte count) of the respective message. At 
transmission of a remote frame, the data length code is transmitted as programmed while the number 
of transmitted bytes is always 0. The data byte count ranges from 0 to 8 for a data frame. Table 12-5 
shows the effect of setting the DLC bits.

12.12.4  Data Segment Registers (DSRn)

The eight data segment registers contain the data to be transmitted or received. The number of bytes to 
be transmitted or being received is determined by the data length code in the corresponding DLR.

12.12.5  Transmit Buffer Priority Registers 

PRIO7–PRIO0 — Local Priority
This field defines the local priority of the associated message buffer. The local priority is used for the 
internal prioritization process of the MSCAN08 and is defined to be highest for the smallest binary 
number. The MSCAN08 implements the following internal prioritization mechanism: 

• All transmission buffers with a cleared TXE flag participate in the prioritization right before the SOF 
is sent.

• The transmission buffer with the lowest local priority field wins the prioritization.

• In case more than one buffer has the same lowest priority, the message buffer with the lower index 
number wins.

Table 12-5. Data Length Codes

Data Length Code Data Byte
CountDLC3 DLC2 DLC1 DLC0

0 0 0 0 0

0 0 0 1 1

0 0 1 0 2

0 0 1 1 3

0 1 0 0 4

0 1 0 1 5

0 1 1 0 6

0 1 1 1 7

1 0 0 0 8

Address: $05bD

Bit 7 6 5 4 3 2 1 Bit 0

Read:
PRIO7 PRIO6 PRIO5 PRIO4 PRIO3 PRIO2 PRIO1 PRIO0

Write:

Reset: Unaffected by reset

Figure 12-14. Transmit Buffer Priority Register (TBPR)
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MSCAN08 Controller (MSCAN08)
12.13.8  MSCAN08 Transmitter Control Register

ABTRQ2–ABTRQ0 — Abort Request
The CPU sets an ABTRQx bit to request that an already scheduled message buffer (TXE = 0) be 
aborted. The MSCAN08 will grant the request if the message has not already started transmission, or 
if the transmission is not successful (lost arbitration or error). When a message is aborted the 
associated TXE and the abort acknowledge flag (ABTAK) (see 12.13.7 MSCAN08 Transmitter Flag 
Register) will be set and an TXE interrupt is generated if enabled. The CPU cannot reset ABTRQx. 
ABTRQx is cleared implicitly whenever the associated TXE flag is set.

1 = Abort request pending
0 = No abort request

NOTE
The software must not clear one or more of the TXE flags in CTFLG and 
simultaneously set the respective ABTRQ bit(s).

TXEIE2–TXEIE0 — Transmitter Empty Interrupt Enable
1 = A transmitter empty (transmit buffer available for transmission) event results in a transmitter 

empty interrupt.
0 = No interrupt is generated from this event.

NOTE
The CTCR register is held in the reset state when the SFTRES bit in 
CMCR0 is set.

12.13.9  MSCAN08 Identifier Acceptance Control Register

Address: $0507

Bit 7 6 5 4 3 2 1 Bit 0

Read: 0
ABTRQ2 ABTRQ1 ABTRQ0

0
TXEIE2 TXEIE1 TXEIE0

Write:

Reset: 0 0 0 0 0 0 0 0

= Unimplemented

Figure 12-23. Transmitter Control Register (CTCR)

Address: $0508

Bit 7 6 5 4 3 2 1 Bit 0

Read: 0
IDAM2 IDAM1 IDAM0

0 IDHIT2 IDHIT1 IDHIT0

Write:

Reset: 0 0 0 0 0 0 0 0

= Unimplemented

Figure 12-24. Identifier Acceptance Control Register (CIDAC)
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Input/Output (I/O) Ports
Figure 13-25. Port G I/O Circuit

Table 13-8. Port G Pin Functions

DDRG
Bit

PTG
Bit

I/O Pin
Mode

Accesses to DDRG Accesses to PTG

Read/Write Read Write

0 X(1)

1. X = Don’t care

Input, Hi-Z(2)

2. Hi-Z = High impedance

DDRG7–DDRG0 Pin PTG7–PTG0(3)

3. Writing affects data register, but does not affect input.

1 X Output DDRG7–DDRG0 PTG7–PTG0 PTG7–PTG0

READ DDRG ($0445)

WRITE DDRG ($0445)

RESET

WRITE PTG ($0441)

READ PTG ($0441)

PTGx

DDRGx

PTGx

IN
TE

R
N

AL
 D

AT
A 

BU
S
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Functional Description
 
Figure 14-6. ESCI Receiver Block Diagram

14.4.3.1  Character Length

The receiver can accommodate either 8-bit or 9-bit data. The state of the M bit in ESCI control register 1 
(SCC1) determines character length. When receiving 9-bit data, bit R8 in ESCI control register 3 (SCC3) 
is the ninth bit (bit 8). When receiving 8-bit data, bit R8 is a copy of the eighth bit (bit 7).

AL
L 

O
N

ESALL ZEROS

M

WAKE

ILTY

PEN

PTY

BKF

RPF

H 8 7 6 5 4 3 2 1 0 L

11-BIT
RECEIVE SHIFT REGISTERST

O
P

ST
AR

T

DATA
RECOVERY

OR

ORIE

NF

NEIE

FE

FEIE

PE

PEIE

SCRIE
SCRF

ILIE
IDLE

WAKEUP
LOGIC

PARITY
CHECKING

M
SB

ESCI DATA REGISTER

R8

SCRIE

ILIE

RWUSCRF

IDLE

INTERNAL BUS

PRE-
SCALER

BAUD
DIVIDER

÷ 4 ÷ 16

SCP1

SCP0

SCR1

SCR2

SCR0

RxD

PR
E-

SC
AL

ER

PDS1

PDS2

PDS0

PSSB3

PSSB4

PSSB2

PSSB1

PSSB0

LINR

ORIE

NEIE

FEIE

PEIE

OR

NF

FE

PE

CGMXCLK
OR

BUS CLOCK

CPU INTERRUPT
REQUEST

ERROR CPU
INTERRUPT REQUEST
MC68HC908GZ60 • MC68HC908GZ48 • MC68HC908GZ32 Data Sheet, Rev. 6

Freescale Semiconductor 197



Enhanced Serial Communications Interface (ESCI) Module
does not set the receiver idle bit, IDLE, or the ESCI receiver full bit, SCRF. The idle line type bit, 
ILTY, determines whether the receiver begins counting 1s as idle character bits after the start bit 
or after the stop bit.

NOTE
With the WAKE bit clear, setting the RWU bit after the RxD pin has been 
idle will cause the receiver to wake up.

14.4.3.7  Receiver Interrupts

These sources can generate CPU interrupt requests from the ESCI receiver:

• ESCI receiver full (SCRF) — The SCRF bit in SCS1 indicates that the receive shift register has 
transferred a character to the SCDR. SCRF can generate a receiver CPU interrupt request. Setting 
the ESCI receive interrupt enable bit, SCRIE, in SCC2 enables the SCRF bit to generate receiver 
CPU interrupts. 

• Idle input (IDLE) — The IDLE bit in SCS1 indicates that 10 or 11 consecutive 1s shifted in from the 
RxD pin. The idle line interrupt enable bit, ILIE, in SCC2 enables the IDLE bit to generate CPU 
interrupt requests.

14.4.3.8  Error Interrupts

These receiver error flags in SCS1 can generate CPU interrupt requests:

• Receiver overrun (OR) — The OR bit indicates that the receive shift register shifted in a new 
character before the previous character was read from the SCDR. The previous character remains 
in the SCDR, and the new character is lost. The overrun interrupt enable bit, ORIE, in SCC3 
enables OR to generate ESCI error CPU interrupt requests.

• Noise flag (NF) — The NF bit is set when the ESCI detects noise on incoming data or break 
characters, including start, data, and stop bits. The noise error interrupt enable bit, NEIE, in SCC3 
enables NF to generate ESCI error CPU interrupt requests.

• Framing error (FE) — The FE bit in SCS1 is set when a 0 occurs where the receiver expects a stop 
bit. The framing error interrupt enable bit, FEIE, in SCC3 enables FE to generate ESCI error CPU 
interrupt requests.

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

14.5  Low-Power Modes

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

14.5.1  Wait Mode

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

If ESCI module functions are not required during wait mode, reduce power consumption by disabling the 
module before executing the WAIT instruction.
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I/O Registers
LINR — LIN Receiver Bits
This read/write bit selects the enhanced ESCI features for the local interconnect network (LIN) protocol 
as shown in Table 14-6. Reset clears LINR.

In LIN (version 1.2) systems, the master node transmits a break character which will appear as 
11.05–14.95 dominant bits to the slave node. A data character of 0x00 sent from the master might 
appear as 7.65–10.35 dominant bit times. This is due to the oscillator tolerance requirement that the 
slave node must be within ±15% of the master node's oscillator. Since a slave node cannot know if it 
is running faster or slower than the master node (prior to synchronization), the LINR bit allows the slave 
node to differentiate between a 0x00 character of 10.35 bits and a break character of 11.05 bits. The 
break symbol length must be verified in software in any case, but the LINR bit serves as a filter, 
preventing false detections of break characters that are really 0x00 data characters.

SCP1 and SCP0 — ESCI Baud Rate Register Prescaler Bits
These read/write bits select the baud rate register prescaler divisor as shown in Table 14-7. Reset 
clears SCP1 and SCP0.

SCR2–SCR0 — ESCI Baud Rate Select Bits
These read/write bits select the ESCI baud rate divisor as shown in Table 14-8. Reset clears 
SCR2–SCR0.

Table 14-6. ESCI LIN Control Bits

LINT LINR M Functionality

0 0 X Normal ESCI functionality

0 1 0 11-bit break detect enabled for LIN receiver

0 1 1 12-bit break detect enabled for LIN receiver

1 0 0 13-bit generation enabled for LIN transmitter

1 0 1 14-bit generation enabled for LIN transmitter

1 1 0 11-bit break detect/13-bit generation enabled for LIN

1 1 1 12-bit break detect/14-bit generation enabled for LIN

Table 14-7. ESCI Baud Rate Prescaling

SCP[1:0]
Baud Rate Register

Prescaler Divisor (BPD)
0 0 1

0 1 3

1 0 4
1 1 13

Table 14-8. ESCI Baud Rate Selection

SCR[2:1:0] Baud Rate Divisor (BD)
0 0 0 1

0 0 1 2
0 1 0 4

0 1 1 8

1 0 0 16

1 0 1 32
1 1 0 64

1 1 1 128
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Introduction
7

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

$FE00
 Break Status Register

(BSR)
See page 237.

Read:
R R R R R R

SBSW
R

Write: Note(1)

Reset: 0 0 0 0 0 0 0 0

1. Writing a 0 clears SBSW.

$FE01
SIM Reset Status Register

(SRSR)
See page 237.

Read: POR PIN COP ILOP ILAD MODRST LVI 0

Write:

POR: 1 0 0 0 0 0 0 0

$FE03
 Break Flag Control Register

(BFCR)
See page 238.

Read:
BCFE R R R R R R R

Write:

Reset: 0

$FE04
Interrupt Status Register 1

(INT1)
See page 231.

Read: IF6 IF5 IF4 IF3 IF2 IF1 0 0

Write: R R R R R R R R

Reset: 0 0 0 0 0 0 0 0

$FE05
Interrupt Status Register 2

(INT2)
See page 233.

Read: IF14 IF13 IF12 IF11 IF10 IF9 IF8 IF7

Write: R R R R R R R R

Reset: 0 0 0 0 0 0 0 0

$FE06
Interrupt Status Register 3

(INT3)
See page 233.

Read: IF22 IF32 IF20 IF19 IF18 IF17 IF16 IF15

Write: R R R R R R R R

Reset: 0 0 0 0 0 0 0 0

$FE07
Interrupt Status Register 4

(INT4)
See page 233.

Read: 0 0 0 0 0 0 IF24 IF23

Write: R R R R R R R R

Reset: 0 0 0 0 0 0 0 0

= Unimplemented R = Reserved

Figure 15-2. SIM I/O Register Summary
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System Integration Module (SIM)
15.2  SIM Bus Clock Control and Generation

The bus clock generator provides system clock signals for the CPU and peripherals on the MCU. The 
system clocks are generated from an incoming clock, CGMOUT, as shown in Figure 15-3. This clock 
originates from either an external oscillator or from the on-chip PLL. 

Figure 15-3. System Clock Signals

15.2.1  Bus Timing

In user mode, the internal bus frequency is either the crystal oscillator output (CGMXCLK) divided by four 
or the PLL output (CGMVCLK) divided by four.

15.2.2  Clock Startup from POR or LVI Reset

When the power-on reset module or the low-voltage inhibit module generates a reset, the clocks to the 
CPU and peripherals are inactive and held in an inactive phase until after the 4096 CGMXCLK cycle POR 
timeout has completed. The RST pin is driven low by the SIM during this entire period. The bus clocks 
start upon completion of the timeout. 

15.2.3  Clocks in Stop Mode and Wait Mode

Upon exit from stop mode by an interrupt or reset, the SIM allows CGMXCLK to clock the SIM counter. 
The CPU and peripheral clocks do not become active until after the stop delay timeout. This timeout is 
selectable as 4096 or 32 CGMXCLK cycles. See 15.6.2 Stop Mode.

In wait mode, the CPU clocks are inactive. The SIM also produces two sets of clocks for other modules. 
Refer to the wait mode subsection of each module to see if the module is active or inactive in wait mode. 
Some modules can be programmed to be active in wait mode.

÷ 2 BUS CLOCK
GENERATORS

SIM

SIM COUNTER

SIMOSCEN

OSCILLATOR (OSC)OSC2

OSC1

PHASE-LOCKED LOOP (PLL)

CGMXCLK

CGMRCLK IT12

CGMOUT

TO TBM,TIM1,TIM2, ADC, MSCAN

OSCENINSTOP
FROM

CONFIG
TO REST
OF CHIP

IT23
TO REST
OF CHIP

TO MSCAN
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Exception Control
Figure 15-8. Interrupt Entry Timing

Figure 15-9. Interrupt Recovery Timing

15.5.1.1  Hardware Interrupts

A hardware interrupt does not stop the current instruction. Processing of a hardware interrupt begins after 
completion of the current instruction. When the current instruction is complete, the SIM checks all pending 
hardware interrupts. If interrupts are not masked (I bit clear in the condition code register) and if the 
corresponding interrupt enable bit is set, the SIM proceeds with interrupt processing; otherwise, the next 
instruction is fetched and executed.

If more than one interrupt is pending at the end of an instruction execution, the highest priority interrupt is 
serviced first. Figure 15-11 demonstrates what happens when two interrupts are pending. If an interrupt 
is pending upon exit from the original interrupt service routine, the pending interrupt is serviced before the 
LDA instruction is executed.

The LDA opcode is prefetched by both the INT1 and INT2 RTI instructions. However, in the case of the 
INT1 RTI prefetch, this is a redundant operation.

NOTE
To maintain compatibility with the M6805 Family, the H register is not 
pushed on the stack during interrupt entry. If the interrupt service routine 
modifies the H register or uses the indexed addressing mode, software 
should save the H register and then restore it prior to exiting the routine.

MODULE

IDB

R/W

INTERRUPT

DUMMY SP SP – 1 SP – 2 SP – 3 SP – 4 VECT H VECT L START ADDRIAB

DUMMY PC – 1[7:0] PC – 1[15:8] X A CCR V DATA H V DATA L OPCODE

I BIT

MODULE

IDB

R/W

INTERRUPT

SP – 4 SP – 3 SP – 2 SP – 1 SP PC PC + 1IAB

CCR A X PC – 1 [7:0] PC – 1 [15:8] OPCODE OPERAND

I BIT
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Serial Peripheral Interface (SPI) Module
 

Figure 16-1. Block Diagram Highlighting SPI Block and Pins
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Timer Interface Module (TIM2)
 

Figure 19-1. Block Diagram Highlighting TIM2 Block and Pins
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Timer Interface Module (TIM2)
function, and TIM2 channel 3 status and control register (T2SC3) is unused. While the MS2B bit is set, 
the channel 3 pin, T2CH3, is available as a general-purpose I/O pin.

Channels 4 and 5 can be linked to form a buffered PWM channel whose output appears on the T2CH4 
pin. The TIM2 channel registers of the linked pair alternately control the pulse width of the output.

Setting the MS4B bit in TIM2 channel 4 status and control register (T2SC4) links channel 4 and channel 5. 
The TIM2 channel 4 registers initially control the pulse width on the T2CH4 pin. Writing to the TIM2 
channel 5 registers enables the TIM2 channel 5 registers to synchronously control the pulse width at the 
beginning of the next PWM period. At each subsequent overflow, the TIM2 channel registers (4 or 5) that 
control the pulse width are the ones written to last. T2SC4 controls and monitors the buffered PWM 
function, and TIM2 channel 5 status and control register (T2SC5) is unused. While the MS4B bit is set, 
the channel 5 pin, T2CH5, is available as a general-purpose I/O pin.

NOTE
In buffered PWM signal generation, do not write pulse width values to the 
currently active channel registers. User software should track the currently 
active channel to prevent writing a new value to the active channel. Writing 
to the active channel registers is the same as generating unbuffered PWM 
signals.

19.3.4.3  PWM Initialization

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

1. In the TIM2 status and control register (T2SC):
a. Stop the TIM2 counter by setting the TIM2 stop bit, TSTOP.

b. Reset the TIM2 counter and prescaler by setting the TIM2 reset bit, TRST.

2. In the TIM2 counter modulo registers (T2MODH:T2MODL), write the value for the required PWM 
period.

3. In the TIM2 channel x registers (T2CHxH:T2CHxL), write the value for the required pulse width.
4. In TIM2 channel x status and control register (T2SCx):

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 19-2.) 

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

c. Write 1:0 (polarity 1 — to clear output on compare) or 1:1 (polarity 0 — 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 19-2.)

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. In the TIM2 status control register (T2SC), clear the TIM2 stop bit, TSTOP.
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Interrupts
Setting MS0B links channels 0 and 1 and configures them for buffered PWM operation. The TIM2 
channel 0 registers (T2CH0H:T2CH0L) initially control the buffered PWM output. TIM2 status control 
register 0 (T2SC0) controls and monitors the PWM signal from the linked channels. MS0B takes priority 
over MS0A.

Setting MS2B links channels 2 and 3 and configures them for buffered PWM operation. The TIM2 
channel 2 registers (T2CH2H:T2CH2L) initially control the buffered PWM output. TIM2 status control 
register 2 (T2SC2) controls and monitors the PWM signal from the linked channels. MS2B takes priority 
over MS2A.

Setting MS4B links channels 4 and 5 and configures them for buffered PWM operation. The TIM2 
channel 4 registers (T2CH4H:T2CH4L) initially control the buffered PWM output. TIM2 status control 
register 4 (T2SC4) controls and monitors the PWM signal from the linked channels. MS4B takes priority 
over MS4A.

Clearing the toggle-on-overflow bit, TOVx, inhibits output toggles on TIM2 overflows. Subsequent output 
compares try to force the output to a state it is already in and have no effect. The result is a 0% duty cycle 
output.

Setting the channel x maximum duty cycle bit (CHxMAX) and setting the TOVx bit generates a 100% duty 
cycle output. (See 19.8.4 TIM2 Channel Status and Control Registers.)

19.4  Interrupts

The following TIM2 sources can generate interrupt requests:

• TIM2 overflow flag (TOF) — The TOF bit is set when the TIM2 counter reaches the modulo value 
programmed in the TIM2 counter modulo registers. The TIM2 overflow interrupt enable bit, TOIE, 
enables TIM2 overflow interrupt requests. TOF and TOIE are in the TIM2 status and control 
register.

• TIM2 channel flags (CH5F:CH0F) — The CHxF bit is set when an input capture or output compare 
occurs on channel x. Channel x TIM2 CPU interrupt requests are controlled by the channel x 
interrupt enable bit, CHxIE. 

19.5  Low-Power Modes

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

19.5.1  Wait Mode

The TIM2 remains active after the execution of a WAIT instruction. In wait mode, the TIM2 registers are 
not accessible by the CPU. Any enabled CPU interrupt request from the TIM2 can bring the MCU out of 
wait mode.

If TIM2 functions are not required during wait mode, reduce power consumption by stopping the TIM2 
before executing the WAIT instruction.

19.5.2  Stop Mode

The TIM2 is inactive after the execution of a STOP instruction. The STOP instruction does not affect 
register conditions or the state of the TIM2 counter. TIM2 operation resumes when the MCU exits stop 
mode.
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3.3-Volt SPI Characteristics
21.13  3.3-Volt SPI Characteristics

Diagram
Number(1)

1. Numbers refer to dimensions in Figure 21-2 and Figure 21-3.

Characteristic(2)

2. All timing is shown with respect to 20% VDD and 70% VDD, unless noted; 100 pF load on all SPI pins.

Symbol Min Max Unit

Operating frequency
Master
Slave

fOP(M)
fOP(S)

fOP/128
DC

fOP/2
fOP

MHz
MHz

1
Cycle time

Master
Slave

tCYC(M)
tCYC(S)

2
1

128
—

tcyc
tcyc

2 Enable lead time tLead(S) 1 — tcyc

3 Enable lag time tLag(S) 1 — tcyc

4
Clock (SPSCK) high time

Master
Slave

tSCKH(M)

tSCKH(S)

tcyc –35
1/2 tcyc –35

64 tcyc
—

ns
ns

5
Clock (SPSCK) low time

Master
Slave

tSCKL(M)

tSCKL(S)

tcyc –35
1/2 tcyc –35

64 tcyc

—
ns
ns

6
Data setup time (inputs)

Master
Slave

tSU(M)

tSU(S)

40
40

—
—

ns
ns

7
Data hold time (inputs)

Master
Slave

tH(M)

tH(S)

40
40

—
—

ns
ns

8
Access time, slave(3)

CPHA = 0
CPHA = 1 

3. Time to data active from high-impedance state

tA(CP0)
tA(CP1)

0
0

50
50

ns
ns

9 Disable time, slave(4)

4. Hold time to high-impedance state

tDIS(S) — 50 ns

10
Data valid time, after enable edge

Master

Slave(5)

5. With 100 pF on all SPI pins

tV(M)
tV(S)

—
—

60
60

ns
ns

11
Data hold time, outputs, after enable edge

Master
Slave

tHO(M)
tHO(S)

0
0

—
—

ns
ns
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