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Pin Functions
Table 1-2. Pin Functions

Pin
Name

Description Input/Output

VDD Power supply Power

VSS Power supply ground Power

PTA0

PTA0 — General purpose I/O port Input/Output

TCH0 — Timer Channel 0 I/O Input/Output

AD0 — A/D channel 0 input Input

KBI0 — Keyboard interrupt input 0 Input

PTA1

PTA1 — General purpose I/O port Input/Output

TCH1 — Timer Channel 1 I/O Input/Output

AD1 — A/D channel 1 input Input

KBI1 — Keyboard interrupt input 1 Input

PTA2

PTA2 — General purpose input-only port Input

IRQ — External interrupt with programmable pullup and Schmitt trigger input Input

KBI2 — Keyboard interrupt input 2 Input

TCLK — Timer clock input Input

PTA3

PTA3 — General purpose I/O port Input/Output

RST — Reset input, active low with internal pullup and Schmitt trigger Input

KBI3 — Keyboard interrupt input 3 Input

PTA4

PTA4 — General purpose I/O port Input/Output

OSC2 —XTAL oscillator output (XTAL option only)
RC or internal oscillator output (OSC2EN = 1 in PTAPUE register)

Output
Output

AD2 — A/D channel 2 input Input

KBI4 — Keyboard interrupt input 4 Input

PTA5

PTA5 — General purpose I/O port Input/Output

OSC1 — XTAL, RC, or external oscillator input Input

AD3 — A/D channel 3 input Input

KBI5 — Keyboard interrupt input 5 Input

PTB0

PTB0 — General-purpose I/O port Input/Output

SPSCK — SPI serial clock Input/Output

AD4 — A/D channel 4 input Input

PTB1

PTB1 — General-purpose I/O port Input/Output

MOSI — SPI Master out Slave in Input/Output

AD5 — A/D channel 5 input Input

PTB2

PTB2 — General-purpose I/O port Input/Output

MISO — SPI Master in Slave out Input/Output

AD6 — A/D channel 6 input Input

PTB3

PTB3 — General-purpose I/O port Input/Output

SS — SPI slave select Input

AD7 — A/D channel 7 input Input

— Continued on next page
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Memory
6. Wait for a time, tPGS.
7. Write data to the FLASH address being programmed(1).
8. Wait for time, tPROG.
9. Repeat step 7 and 8 until all desired bytes within the row are programmed.

10. Clear the PGM bit (1).
11. Wait for time, tNVH.
12. Clear the HVEN bit.
13. After time, tRCV, the memory can be accessed in read mode again.

NOTE
The COP register at location $FFFF should not be written between steps 
5-12, when the HVEN bit is set. Since this register is located at a valid 
FLASH address, unpredictable behavior may occur if this location is written 
while HVEN is set.

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

NOTE
Programming and erasing of FLASH locations cannot be performed by 
code being executed from the FLASH memory. While these operations 
must be performed in the order shown, other unrelated operations may 
occur between the steps. Do not exceed tPROG maximum, see 18.17 
Memory Characteristics.

2.6.5  FLASH 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 to protect blocks of memory from unintentional erase or program operations 
due to system malfunction. This protection is done by use of a FLASH block protect register (FLBPR). 
The FLBPR determines the range of the FLASH memory which is to be protected. The range of the 
protected area starts from a location defined by FLBPR and ends to the bottom of the FLASH memory 
($FFFF). When the memory is protected, the HVEN bit cannot be set in either ERASE or PROGRAM 
operations.

NOTE
In performing a program or erase operation, the FLASH block protect 
register must be read after setting the PGM or ERASE bit and before 
asserting the HVEN bit.

When the FLBPR 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 the FLBPR are programmed, they lock a block of memory. The address ranges are 
shown in 2.6.6 FLASH Block Protect Register. Once the FLBPR is programmed with a value other than 
$FF, any erase or program of the FLBPR or the protected block of FLASH memory is prohibited. Mass 
erase is disabled whenever any block is protected (FLBPR does not equal $FF). The FLBPR itself can be 
erased or programmed only with an external voltage, VTST, present on the IRQ pin. This voltage also 
allows entry from reset into the monitor mode.

1. The time between each FLASH address change, or the time between the last FLASH address programmed to clearing
PGM bit, must not exceed the maximum programming time, tPROG maximum.
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Analog-to-Digital Converter (ADC10) Module
Figure 3-1. Block Diagram Highlighting ADC10 Block and Pins

RST, IRQ: Pins have internal pull up device
All port pins have programmable pull up device
PTA[0:5]: Higher current sink and source capability
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Auto Wakeup Module (AWU)
4.3  Functional Description

The function of the auto wakeup logic is to generate periodic wakeup requests to bring the microcontroller 
unit (MCU) out of stop mode. The wakeup requests are treated as regular keyboard interrupt requests, 
with the difference that instead of a pin, the interrupt signal is generated by an internal logic.

Entering stop mode will enable the auto wakeup generation logic. Writing the AWUIE bit in the keyboard 
interrupt enable register enables or disables the auto wakeup interrupt input (see Figure 4-1). A 1 applied 
to the AWUIREQ input with auto wakeup interrupt request enabled, latches an auto wakeup interrupt 
request. 

Auto wakeup latch, AWUL, can be read directly from the bit 6 position of port A data register (PTA). This 
is a read-only bit which is occupying an empty bit position on PTA. No PTA associated registers, such as 
PTA6 data direction or PTA6 pullup exist for this bit.

There are two clock sources for the AWU. An internal RC oscillator (INTRCOSC, exclusive for the auto 
wakeup feature) drives the wakeup request generator provided the OSCENINSTOP bit in the CONFIG2 
register Figure 4-1 is cleared. More accurate wakeup periods are possible using the BUSCLKX2 signal 
(from the oscillator module) which is selected by setting OSCENINSTOP.

Once the overflow count is reached in the generator counter, a wakeup request, AWUIREQ, is latched 
and sent to the KBI logic. See Figure 4-1.

Wakeup interrupt requests will only be serviced if the associated interrupt enable bit, AWUIE, in KBIER 
is set. The AWU shares the keyboard interrupt vector.

The overflow count can be selected from two options defined by the COPRS bit in CONFIG1. This bit was 
“borrowed” from the computer operating properly (COP) using the fact that the COP feature is idle (no 
MCU clock available) in stop mode. COPRS = 1 selects the short wakeup period while COPRS = 0 selects 
the long wakeup period.

The auto wakeup RC oscillator is highly dependent on operating voltage and temperature. This feature is 
not recommended for use as a time-keeping function.

The wakeup request is latched to allow the interrupt source identification. The latched value, AWUL, can 
be read directly from the bit 6 position of PTA data register. This is a read-only bit which is occupying an 
empty bit position on PTA. No PTA associated registers, such as PTA6 data, PTA6 direction, and PTA6 
pullup exist for this bit. The latch can be cleared by writing to the ACKK bit in the KBSCR register. Reset 
also clears the latch. AWUIE bit in KBI interrupt enable register (see Figure 4-1) has no effect on AWUL 
reading.

The AWU oscillator and counters are inactive in normal operating mode and become active only upon 
entering stop mode.

4.4  Interrupts

The AWU can generate an interrupt requests:.

AWU Latch (AWUL) — The AWUL bit is set when the AWU counter overflows. The auto wakeup interrupt 
mask bit, AWUIE, is used to enable or disable AWU interrupt requests. 

The AWU shares its interrupt with the KBI vector.
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Computer Operating Properly (COP)
The COP counter is a free-running 6-bit counter preceded by the 12-bit system integration module (SIM) 
counter. If not cleared by software, the COP counter overflows and generates an asynchronous reset after 
8176 or 262,128 BUSCLKX4 cycles; depending on the state of the COP rate select bit, COPRS, in 
configuration register 1. With a 262,128 BUSCLKX4 cycle overflow option, the internal 12.8-MHz 
oscillator gives a COP timeout period of 20.48 ms. Writing any value to location $FFFF before an overflow 
occurs prevents a COP reset by clearing the COP counter and stages 12–5 of the SIM counter.

NOTE
Service the COP immediately after reset and before entering or after exiting 
stop mode to guarantee the maximum time before the first COP counter 
overflow.

A COP reset pulls the RST pin low (if the RSTEN bit is set in the CONFIG1 register) for 32 × BUSCLKX4 
cycles and sets the COP bit in the reset status register (RSR). See 14.8.1 SIM Reset Status Register. 

NOTE
Place COP clearing instructions in the main program and not in an interrupt 
subroutine. Such an interrupt subroutine could keep the COP from 
generating a reset even while the main program is not working properly.

6.3  I/O Signals

The following paragraphs describe the signals shown in Figure 6-1.

6.3.1  BUSCLKX4

BUSCLKX4 is the oscillator output signal. BUSCLKX4 frequency is equal to the internal oscillator 
frequency, the crystal frequency, or the RC-oscillator frequency.

6.3.2  STOP Instruction

The STOP instruction clears the SIM counter.

6.3.3  COPCTL Write

Writing any value to the COP control register (COPCTL) (see Figure 6-2) clears the COP counter and 
clears stages 12–5 of the SIM counter. Reading the COP control register returns the low byte of the reset 
vector.

6.3.4  Power-On Reset

The power-on reset (POR) circuit in the SIM clears the SIM counter 4096 × BUSCLKX4 cycles after power 
up.

6.3.5  Internal Reset 

An internal reset clears the SIM counter and the COP counter.

6.3.6  COPD (COP Disable)

The COPD signal reflects the state of the COP disable bit (COPD) in the configuration register (CONFIG). 
See Chapter 5 Configuration Register (CONFIG).
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Arithmetic/Logic Unit (ALU)
Z — Zero Flag
The CPU sets the zero flag when an arithmetic operation, logic operation, or data manipulation 
produces a result of $00.

1 = Zero result
0 = Non-zero result

C — Carry/Borrow Flag
The CPU sets the carry/borrow flag when an addition operation produces a carry out of bit 7 of the 
accumulator or when a subtraction operation requires a borrow. Some instructions — such as bit test 
and branch, shift, and rotate — also clear or set the carry/borrow flag.

1 = Carry out of bit 7
0 = No carry out of bit 7

7.4  Arithmetic/Logic Unit (ALU)

The ALU performs the arithmetic and logic operations defined by the instruction set.

Refer to the CPU08 Reference Manual (document order number CPU08RM/AD) for a description of the 
instructions and addressing modes and more detail about the architecture of the CPU.

7.5  Low-Power Modes

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

7.5.1  Wait Mode 

The WAIT instruction:
• Clears the interrupt mask (I bit) in the condition code register, enabling interrupts. After exit from 

wait mode by interrupt, the I bit remains clear. After exit by reset, the I bit is set.
• Disables the CPU clock

7.5.2  Stop Mode

The STOP instruction:
• Clears the interrupt mask (I bit) in the condition code register, enabling external interrupts. After 

exit from stop mode by external interrupt, the I bit remains clear. After exit by reset, the I bit is set.
• Disables the CPU clock

After exiting stop mode, the CPU clock begins running after the oscillator stabilization delay.

7.6  CPU During Break Interrupts

If a break module is present on the MCU, the CPU starts a break interrupt by:
• Loading the instruction register with the SWI instruction
• Loading the program counter with $FFFC:$FFFD or with $FEFC:$FEFD in monitor mode

The break interrupt begins after completion of the CPU instruction in progress. If the break address 
register match occurs on the last cycle of a CPU instruction, the break interrupt begins immediately.

A return-from-interrupt instruction (RTI) in the break routine ends the break interrupt and returns the MCU 
to normal operation if the break interrupt has been deasserted.
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Functional Description
 
Figure 8-2. IRQ Module Block Diagram

8.3.1  MODE = 1

If the MODE bit is set, the IRQ pin is both falling edge sensitive and low level sensitive. With MODE set, 
both of the following actions must occur to clear the IRQ interrupt request:

• Return of the IRQ pin to a high level. As long as the IRQ pin is low, the IRQ request remains active.
• IRQ vector fetch or software clear. An IRQ vector fetch generates an interrupt acknowledge signal 

to clear the IRQ latch. Software generates the interrupt acknowledge signal by writing a 1 to ACK 
in INTSCR. The ACK bit is useful in applications that poll the IRQ pin and require software to clear 
the IRQ latch. Writing to ACK prior to leaving an interrupt service routine can also prevent spurious 
interrupts due to noise. Setting ACK does not affect subsequent transitions on the IRQ pin. A falling 
edge that occurs after writing to ACK latches another interrupt request. If the IRQ mask bit, IMASK, 
is clear, the CPU loads the program counter with the IRQ vector address.

The IRQ vector fetch or software clear and the return of the IRQ pin to a high level may occur in any order. 
The interrupt request remains pending as long as the IRQ pin is low. A reset will clear the IRQ latch and 
the MODE control bit, thereby clearing the interrupt even if the pin stays low.

Use the BIH or BIL instruction to read the logic level on the IRQ pin.

8.3.2  MODE = 0

If the MODE bit is clear, the IRQ pin is falling edge sensitive only. With MODE clear, an IRQ vector fetch 
or software clear immediately clears the IRQ latch.

The IRQF bit in INTSCR can be read to check for pending interrupts. The IRQF bit is not affected by 
IMASK, which makes it useful in applications where polling is preferred.

NOTE
When using the level-sensitive interrupt trigger, avoid false IRQ interrupts 
by masking interrupt requests in the interrupt routine.
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Keyboard Interrupt Module (KBI)
9.3.2  Keyboard Initialization

When a keyboard interrupt pin is enabled, it takes time for the internal pullup or pulldown device to pull 
the pin to its deasserted level. Therefore a false interrupt can occur as soon as the pin is enabled. 

To prevent a false interrupt on keyboard initialization:
1. Mask keyboard interrupts by setting IMASKK in KBSCR.
2. Enable the KBI polarity by setting the appropriate KBIPx bits in KBIPR.
3. Enable the KBI pins by setting the appropriate KBIEx bits in KBIER.
4. Write to ACKK in KBSCR to clear any false interrupts.
5. Clear IMASKK.

An interrupt signal on an edge sensitive pin can be acknowledged immediately after enabling the pin. An 
interrupt signal on an edge and level sensitive pin must be acknowledged after a delay that depends on 
the external load.

9.4  Interrupts

The following KBI source can generate interrupt requests:
• Keyboard flag (KEYF) — The KEYF bit is set when any enabled KBI pin is asserted based on the 

KBI mode and pin polarity. The keyboard interrupt mask bit, IMASKK, is used to enable or disable 
KBI interrupt requests.

9.5  Low-Power Modes

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

9.5.1  Wait Mode

The KBI module remains active in wait mode. Clearing IMASKK in KBSCR enables keyboard interrupt 
requests to bring the MCU out of wait mode.

9.5.2  Stop Mode

The KBI module remains active in stop mode. Clearing IMASKK in KBSCR enables keyboard interrupt 
requests to bring the MCU out of stop mode.

9.6  KBI During Break Interrupts

The system integration module (SIM) controls whether status bits in other modules 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. See BFCR in the SIM section of this data sheet.

To allow software to clear status bits during a break interrupt, write a 1 to BCFE. 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 0 to BCFE. With BCFE cleared (its default state), 
software can read and write 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 cleared. After the break, doing the 
second step clears the status bit.
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LVI Interrupts
10.4  LVI Interrupts

The LVI module does not generate interrupt requests.

10.5  Low-Power Modes

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

10.5.1  Wait Mode

If enabled, the LVI module remains active in wait mode. If enabled to generate resets, the LVI module can 
generate a reset and bring the MCU out of wait mode.

10.5.2  Stop Mode

If the LVIPWRD bit in the configuration register is cleared and the LVISTOP bit in the configuration 
register is set, the LVI module remains active. If enabled to generate resets, the LVI module can generate 
a reset and bring the MCU out of stop mode.

10.6  Registers

The LVI status register (LVISR) contains a status bit that is useful when the LVI is enabled and LVI reset 
is disabled.

 

LVIOUT — LVI Output Bit
This read-only flag becomes set when the VDD voltage falls below the VTRIPF trip voltage and is cleared 
when VDD voltage rises above VTRIPR. (See Table 10-1). 

Bit 7 6 5 4 3 2 1 Bit 0

Read: LVIOUT 0 0 0 0 0 0 R

Write:

Reset: 0 0 0 0 0 0 0 0

= Unimplemented R = Reserved

Figure 10-2. LVI Status Register (LVISR)

Table 10-1. LVIOUT Bit Indication

VDD LVIOUT

VDD > VTRIPR 0

VDD < VTRIPF 1

VTRIPF < VDD < VTRIPR Previous value
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Functional Description
13.3  Functional Description

Figure 13-2 shows the structure of the ESCI module. The ESCI allows full-duplex, asynchronous, NRZ 
serial communication between the MCU and remote devices, including other MCUs. The transmitter and 
receiver of the ESCI operate independently, although they use the same baud rate generator. 

Figure 13-2. ESCI Module Block Diagram
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Functional Description
NOTE
The RT8, RT9, and RT10 samples do not affect start bit verification. If any 
or all of the RT8, RT9, and RT10 start bit samples are 1s following a 
successful start bit verification, the noise flag (NF) is set and the receiver 
assumes that the bit is a start bit.

To verify a stop bit and to detect noise, recovery logic takes samples at RT8, RT9, and RT10. Table 13-3 
summarizes the results of the stop bit samples.

13.3.3.4  Framing Errors

If the data recovery logic does not detect a 1 where the stop bit should be in an incoming character, it sets 
the framing error bit, FE, in SCS1. A break character also sets the FE bit because a break character has 
no stop bit. The FE bit is set at the same time that the SCRF bit is set.

13.3.3.5  Baud Rate Tolerance

A transmitting device may be operating at a baud rate below or above the receiver baud rate. 
Accumulated bit time misalignment can cause one of the three stop bit data samples to fall outside the 
actual stop bit. Then a noise error occurs. If more than one of the samples is outside the stop bit, a framing 
error occurs. In most applications, the baud rate tolerance is much more than the degree of misalignment 
that is likely to occur.

As the receiver samples an incoming character, it resynchronizes the RT clock on any valid falling edge 
within the character. Resynchronization within characters corrects misalignments between transmitter bit 
times and receiver bit times.

Table 13-2. Data Bit Recovery

RT8, RT9, and RT10 Samples Data Bit Determination Noise Flag

000 0 0

001 0 1

010 0 1

011 1 1

100 0 1

101 1 1

110 1 1

111 1 0

Table 13-3. Stop Bit Recovery

RT8, RT9, and RT10 Samples Framing Error Flag Noise Flag

000 1 0

001 1 1

010 1 1

011 0 1

100 1 1

101 0 1

110 0 1

111 0 0
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Registers
SCP1 and SCP0 — ESCI Baud Rate Register Prescaler Bits
These read/write bits select the baud rate register prescaler divisor as shown in Table 13-6.

SCR2–SCR0 — ESCI Baud Rate Select Bits
These read/write bits select the ESCI baud rate divisor as shown in Table 13-7. Reset clears 
SCR2–SCR0.

13.8.8  ESCI Prescaler Register

The ESCI prescaler register (SCPSC) together with the ESCI baud rate register selects the baud rate for 
both the receiver and the transmitter.

NOTE
There are two prescalers available to adjust the baud rate — one in the 
ESCI baud rate register and one in the ESCI prescaler register.

Table 13-6. 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 13-7. 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

Bit 7 6 5 4 3 2 1 Bit 0

Read:
PDS2 PDS1 PDS0 PSSB4 PSSB3 PSSB2 PSSB1 PSSB0

Write:

Reset: 0 0 0 0 0 0 0 0

Figure 13-17. ESCI Prescaler Register (SCPSC)
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ESCI Arbiter
13.9  ESCI Arbiter

The ESCI module comprises an arbiter module designed to support software for communication tasks as 
bus arbitration, baud rate recovery and break time detection. The arbiter module consists of an 9-bit 
counter with 1-bit overflow and control logic. The can control operation mode via the ESCI arbiter control 
register (SCIACTL).

13.9.1  ESCI Arbiter Control Register

AM1 and AM0 — Arbiter Mode Select Bits
These read/write bits select the mode of the arbiter module as shown in Table 13-11.

ALOST — Arbitration Lost Flag
This read-only bit indicates loss of arbitration. Clear ALOST by writing a 0 to AM1.

ACLK — Arbiter Counter Clock Select Bit
This read/write bit selects the arbiter counter clock source.

1 = Arbiter counter is clocked with one half of the ESCI input clock generated by the ESCI prescaler
0 = Arbiter counter is clocked with the bus clock divided by four

NOTE
For ACLK = 1, the arbiter input clock is driven from the ESCI prescaler. The 
prescaler can be clocked by either the bus clock or BUSCLKX4 depending 
on the state of the ESCIBDSRC bit in configuration register.

AFIN— Arbiter Bit Time Measurement Finish Flag
This read-only bit indicates bit time measurement has finished. Clear AFIN by writing any value to 
SCIACTL.

1 = Bit time measurement has finished
0 = Bit time measurement not yet finished

Bit 7 6 5 4 3 2 1 Bit 0

Read:
AM1

ALOST
AM0 ACLK

AFIN ARUN AROVFL ARD8

Write:

Reset: 0 0 0 0 0 0 0 0

= Unimplemented

Figure 13-18. ESCI Arbiter Control Register (SCIACTL)

Table 13-11. ESCI Arbiter Selectable Modes

AM[1:0] ESCI Arbiter Mode

0 0 Idle / counter reset

0 1 Bit time measurement

1 0 Bus arbitration

1 1 Reserved / do not use
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System Integration Module (SIM)
If the stop enable bit, STOP, in the mask option register is 0, the SIM treats the STOP instruction as an 
illegal opcode and causes an illegal opcode reset. The SIM actively pulls down the RST pin for all internal 
reset sources.

14.4.2.4  Illegal Address Reset

An opcode fetch from an unmapped address generates an illegal address reset. The SIM verifies that the 
CPU is fetching an opcode prior to asserting the ILAD bit in the SIM reset status register (SRSR) and 
resetting the MCU. A data fetch from an unmapped address does not generate a reset. The SIM actively 
pulls down the RST pin for all internal reset sources. See Figure 2-1. Memory Map for memory ranges.

14.4.2.5  Low-Voltage Inhibit (LVI) Reset

The LVI asserts its output to the SIM when the VDD voltage falls to the LVI trip voltage VTRIPF. The LVI 
bit in the SIM reset status register (SRSR) is set, and the external reset pin (RST) is held low while the 
SIM counter counts out 4096 BUSCLKX4 cycles after VDD rises above VTRIPR. Sixty-four BUSCLKX4 
cycles later, the CPU and memories are released from reset to allow the reset vector sequence to occur. 
The SIM actively pulls down the (RST) pin for all internal reset sources.

14.5  SIM Counter

The SIM counter is used by the power-on reset module (POR) and in stop mode recovery to allow the 
oscillator time to stabilize before enabling the internal bus (IBUS) clocks. The SIM counter also serves as 
a prescaler for the computer operating properly module (COP). The SIM counter uses 12 stages for 
counting, followed by a 13th stage that triggers a reset of SIM counters and supplies the clock for the COP 
module. The SIM counter is clocked by the falling edge of BUSCLKX4.

14.5.1  SIM Counter During Power-On Reset

The power-on reset module (POR) detects power applied to the MCU. At power-on, the POR circuit 
asserts the signal PORRST. Once the SIM is initialized, it enables the oscillator to drive the bus clock 
state machine.

14.5.2  SIM Counter During Stop Mode Recovery

The SIM counter also is used for stop mode recovery. The STOP instruction clears the SIM counter. After 
an interrupt, break, or reset, the SIM senses the state of the short stop recovery bit, SSREC, in the 
configuration register 1 (CONFIG1). If the SSREC bit is a 1, then the stop recovery is reduced from the 
normal delay of 4096 BUSCLKX4 cycles down to 32 BUSCLKX4 cycles. This is ideal for applications 
using canned oscillators that do not require long start-up times from stop mode. External crystal 
applications should use the full stop recovery time, that is, with SSREC cleared in the configuration 
register 1 (CONFIG1).

14.5.3  SIM Counter and Reset States

External reset has no effect on the SIM counter (see 14.7.2 Stop Mode for details.) The SIM counter is 
free-running after all reset states. See 14.4.2 Active Resets from Internal Sources for counter control and 
internal reset recovery sequences.
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Registers
Writing a 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 TIM interrupt service requests on channel x. 

1 = Channel x interrupt requests enabled
0 = Channel x interrupt requests disabled

MSxB — Mode Select Bit B
This read/write bit selects buffered output compare/PWM operation. MSxB exists only in the TSC0 and 
TSC2 registers.

Setting MS0B causes the contents of TSC1 to be ignored by the TIM and reverts TCH1 to 
general-purpose I/O.

Setting MS2B causes the contents of TSC3 to be ignored by the TIM and reverts TCH3 to 
general-purpose I/O.

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 16-2.

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

When ELSxB:A = 00, this read/write bit selects the initial output level of the TCHx pin (see Table 16-2).
1 = Initial output level low
0 = Initial output level high

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

Table 16-2. Mode, Edge, and Level Selection

MSxB MSxA ELSxB ELSxA Mode Configuration

X 0 0 0
Output preset

Pin under port control; initial 
output level high

X 1 0 0
Pin under port control; initial 
output level low

0 0 0 1

Input capture

Capture on rising edge only

0 0 1 0 Capture on falling edge only

0 0 1 1 Capture on rising or falling edge

0 1 0 0

Output compare 
or PWM

Software compare only

0 1 0 1 Toggle output on compare

0 1 1 0 Clear output on compare

0 1 1 1 Set output on compare

1 X 0 1 Buffered output 
compare or 

buffered PWM

Toggle output on compare

1 X 1 0 Clear output on compare

1 X 1 1 Set output on compare
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Timer Interface Module (TIM)
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Development Support
BCFE — Break Clear Flag Enable Bit
This read/write bit enables software to clear status bits by accessing status registers while the MCU is 
in a break state. To clear status bits during the break state, the BCFE bit must be set.

1 = Status bits clearable during break
0 = Status bits not clearable during break

17.2.3  Low-Power Modes

The WAIT and STOP instructions put the MCU in low power-consumption standby modes. If enabled, the 
break module will remain enabled in wait and stop modes. However, since the internal address bus does 
not increment in these modes, a break interrupt will never be triggered.

17.3  Monitor Module (MON)

The monitor module allows debugging and programming of the microcontroller unit (MCU) through a 
single-wire interface with a host computer. Monitor mode entry can be achieved without use of the higher 
test voltage, VTST, as long as vector addresses $FFFE and $FFFF are blank, thus reducing the hardware 
requirements for in-circuit programming.

Features include:
• Normal user-mode pin functionality
• One pin dedicated to serial communication between MCU and host computer
• Standard non-return-to-zero (NRZ) communication with host computer
• Standard communication baud rate (7200 @ 2-MHz bus frequency)
• Execution of code in random-access memory (RAM) or FLASH
• FLASH memory security feature(1) 
• FLASH memory programming interface
• Use of external 9.8304 MHz oscillator to generate internal frequency of 2.4576 MHz
• Simple internal oscillator mode of operation (no external clock or high voltage)
• Monitor mode entry without high voltage, VTST, if reset vector is blank ($FFFE and $FFFF contain 

$FF)
• Normal monitor mode entry if VTST is applied to IRQ

17.3.1  Functional Description

Figure 17-9 shows a simplified diagram of monitor mode entry.

The monitor module receives and executes commands from a host computer. Figure 17-10, Figure 17-11, 
and Figure 17-12 show example circuits used to enter monitor mode and communicate with a host 
computer via a standard RS-232 interface.

Simple monitor commands can access any memory address. In monitor mode, the MCU can execute 
code downloaded into RAM by a host computer while most MCU pins retain normal operating mode 
functions. All communication between the host computer and the MCU is through the PTA0 pin. A 
level-shifting and multiplexing interface is required between PTA0 and the host computer. PTA0 is used 
in a wired-OR configuration and requires a pullup resistor.

1. No security feature is absolutely secure. However, Freescale’s strategy is to make reading or copying the FLASH difficult for 
unauthorized users.
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Supply Current Characteristics
18.12  Supply Current Characteristics

Characteristic(1)

1. VSS = 0 Vdc, TA = TL to TH, unless otherwise noted.

Voltage
Bus

Frequency
(MHz)

Symbol Typ(2)

2. Typical values reflect average measurements, 25•C only. Typical values are for reference only and are not tested in pro-
duction.

Max Unit

Run mode VDD supply current(3)

3. Run (operating) IDD measured using trimmed internal oscillator, ADC off, all modules enabled. All pins configured as inputs
and tied to 0.2 V from rail.

5.0
3.0

3.2
3.2

RIDD
7.25
3.1

8.5
3.8

mA

Wait mode VDD supply current(4) 

4. Wait IDD measured using trimmed internal oscillator, ADC off, all modules enabled. All pins configured as inputs and tied
to 0.2 V from rail.

5.0
3.0

3.2
3.2

WIDD
1.0

0.67
2.0
1.2

mA

Stop mode VDD supply current(5)

–40 to 85°C
–40 to 105°C
–40 to 125°C 
25°C with auto wake-up enabled(6)

Incremental current with LVI enabled

5. Stop IDD measured with all pins configured as inputs and tied to 0.2 V from rail.
6. Values are based on characterization results, not tested in production.

5.0

SIDD

0.26
—
—
12

125

1.0
2.0
5.0
—
—

μA

Stop mode VDD supply current(4)

–40 to 85°C
–40 to 105°C
–40 to 125°C 
25°C with auto wake-up enabled(6)

Incremental current with LVI enabled

3.0

0.23
—
—
2

100

0.8
1.0
4.0
—
—

μA
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Electrical Specifications
18.17  Memory Characteristics

Characteristic Symbol Min Typ(1)

1. Typical values are for reference only and are not tested in production.

Max Unit

RAM data retention voltage (2)

2. Values are based on characterization results, not tested in production.

VRDR 1.3 — — V

FLASH program bus clock frequency — 1 — — MHz

FLASH PGM/ERASE supply voltage (VDD) VPGM/ERASE 2.7 — 5.5 V

FLASH read bus clock frequency fRead
(3)

3. fRead is defined as the frequency range for which the FLASH memory can be read.

0 — 8 M Hz

FLASH page erase time 
<1 K cycles 
>1 K cycles

tErase 0.9
3.6

1
4

1.1
5.5

ms

FLASH mass erase time tMErase 4 — — ms

FLASH PGM/ERASE to HVEN setup time tNVS 10 — — μs

FLASH high-voltage hold time tNVH 5 — — μs

FLASH high-voltage hold time (mass erase) tNVHL 100 — — μs

FLASH program hold time tPGS 5 — — μs

FLASH program time tPROG 30 — 40 μs

FLASH return to read time tRCV
(4)

4. tRCV is defined as the time it needs before the FLASH can be read after turning off the high voltage charge pump, by clear-
ing HVEN to 0.

1 — — μs

FLASH cumulative program HV period tHV
(5)

5. tHV is defined as the cumulative high voltage programming time to the same row before next erase.
tHV must satisfy this condition: tNVS + tNVH + tPGS + (tPROG x 32)  ≤ tHV maximum.

— — 4 ms

FLASH endurance(6) 

6. Typical endurance was evaluated for this product family. For additional information on how Freescale Semiconductor 
defines Typical Endurance, please refer to Engineering Bulletin EB619.

— 10 k 100 k — Cycles

FLASH data retention time(7) 

7. Typical data retention values are based on intrinsic capability of the technology measured at high temperature and de-rated
to 25•C using the Arrhenius equation. For additional information on how Freescale Semiconductor defines Typical Data
Retention, please refer to Engineering Bulletin EB618.

— 15 100 — Years
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