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systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
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systems.
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range of applications, providing tailored solutions for
different performance and complexity needs.
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built-in motor control peripherals and automotive-grade
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General Description
1.4  Pin Assignments

The MC68HC908QB8, MC68HC908QB4, and MC68HC908QY8 are available in 16-pin packages. 
Figure 1-2 shows the pin assignment for these packages.

 

Figure 1-2. MCU Pin Assignments

1.5  Pin Functions

Table 1-2 provides a description of the pin functions.
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Memory
$0036
Oscillator Status and

Control Register (OSCSC)
See page 100.

Read:
OSCOPT1 OSCOPT0 ICFS1 ICFS0 ECFS1 ECFS0 ECGON

ECGST
Write:
Reset: 0 0 0 0 0 0 0 0

$0037 Reserved

$0038

Oscillator Trim Register
(OSCTRIM)

See page 101.

Read:
TRIM7 TRIM6 TRIM5 TRIM4 TRIM3 TRIM2 TRIM1 TRIM0

Write:

Reset: 1 0 0 0 0 0 0 0

$0039
↓

$003B
Reserved

$003C
ADC10 Status and Control

Register (ADSCR)
See page 46.

Read: COCO
AIEN ADCO ADCH4 ADCH3 ADCH2 ADCH1 ADCH0

Write:
Reset: 0 0 0 1 1 1 1 1

$003D
ADC10 Data Register High

(ADRH)
See page 48.

Read: 0 0 0 0 0 0 AD9 AD8
Write: R R R R R R R R
Reset: 0 0 0 0 0 0 0 0

$003E
ADC10 Data Register Low

(ADRL)
See page 48.

Read: AD7 AD6 AD5 AD4 AD3 AD2 AD1 AD0
Write: R R R R R R R R
Reset: 0 0 0 0 0 0 0 0

$003F
ADC10 Clock Register

(ADCLK)
See page 49.

Read:
ADLPC ADIV1 ADIV0 ADICLK MODE1 MODE0 ADLSMP ACLKEN

Write:
Reset: 0 0 0 0 0 0 0 0

$FE00
Break Status Register

(BSR)
See page 195.

Read:
R R R R R R

SBSW
R

Write: 0
Reset: 0

$FE01
SIM Reset Status Register

(SRSR)
See page 152.

Read: POR PIN COP ILOP ILAD MODRST LVI 0
Write:
POR: 1 0 0 0 0 0 0 0

$FE02
Break Auxiliary

Register (BRKAR)
See page 195.

Read: 0 0 0 0 0 0 0
BDCOP

Write:
Reset: 0 0 0 0 0 0 0 0

$FE03
Break Flag Control

Register (BFCR)
See page 195.

Read:
BCFE R R R R R R R

Write:
Reset: 0

$FE04
Interrupt Status Register 1

(INT1)
See page 149.

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 149.

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 149.

Read: IF22 IF21 IF20 IF19 IF18 IF17 IF16 IF15
Write: R R R R R R R R
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 4 of 5)
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Analog-to-Digital Converter (ADC10) Module
charging. If externally available, connect the VREFL pin to the same potential as VSSA at the single point 
ground location.

3.7.5  ADC10 Channel Pins (ADn)

The ADC10 has multiple input channels. Empirical data shows that capacitors on the analog inputs 
improve performance in the presence of noise or when the source impedance is high. 0.01 μF capacitors 
with good high-frequency characteristics are sufficient. These capacitors are not necessary in all cases, 
but when used they must be placed as close as possible to the package pins and be referenced to VSSA.

3.8  Registers

These registers control and monitor operation of the ADC10:
• ADC10 status and control register, ADSCR
• ADC10 data registers, ADRH and ADRL
• ADC10 clock register, ADCLK

3.8.1  ADC10 Status and Control Register

This section describes the function of the ADC10 status and control register (ADSCR). Writing ADSCR 
aborts the current conversion and initiates a new conversion (if the ADCH[4:0] bits are equal to a value 
other than all 1s).

COCO — Conversion Complete Bit
COCO is a read-only bit which is set each time a conversion is completed. This bit is cleared whenever 
the status and control register is written or whenever the data register (low) is read. 

1 = Conversion completed
0 = Conversion not completed

AIEN — ADC10 Interrupt Enable Bit
When this bit is set, an interrupt is generated at the end of a conversion. The interrupt signal is cleared 
when the data register is read or the status/control register is written. 

1 = ADC10 interrupt enabled
0 = ADC10 interrupt disabled

ADCO — ADC10 Continuous Conversion Bit
When this bit is set, the ADC10 will begin to convert samples continuously (continuous conversion 
mode) and update the result registers at the end of each conversion, provided the ADCH[4:0] bits do 
not decode to all 1s. The ADC10 will continue to convert until the MCU enters reset, the MCU enters 
stop mode (if ACLKEN is clear), ADCLK is written, or until ADSCR is written again. If stop is entered 

Bit 7 6 5 4 3 2 1 Bit 0

Read: COCO
AIEN ADCO ADCH4 ADCH3 ADCH2 ADCH1 ADCH0

Write:

Reset: 0 0 0 1 1 1 1 1

= Unimplemented

Figure 3-3. ADC10 Status and Control Register (ADSCR)
MC68HC908QB8 Data Sheet, Rev. 3
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Registers
3.8.4  ADC10 Clock Register (ADCLK)

This register selects the clock frequency for the ADC10 and the modes of operation.

ADLPC — ADC10 Low-Power Configuration Bit
ADLPC controls the speed and power configuration of the successive approximation converter. This 
is used to optimize power consumption when higher sample rates are not required.

1 = Low-power configuration: The power is reduced at the expense of maximum clock speed.
0 = High-speed configuration

ADIV[1:0] — ADC10 Clock Divider Bits
ADIV1 and ADIV0 select the divide ratio used by the ADC10 to generate the internal clock ADCK. 
Table 3-3 shows the available clock configurations.

ADICLK — Input Clock Select Bit
If ACLKEN is clear, ADICLK selects either the bus clock or an alternate clock source as the input clock 
source to generate the internal clock ADCK. If the alternate clock source is less than the minimum 
clock speed, use the internally-generated bus clock as the clock source. As long as the internal clock 
ADCK, which is equal to the selected input clock divided by ADIV, is at a frequency (fADCK) between 
the minimum and maximum clock speeds (considering ALPC), correct operation can be guaranteed.

1 = The internal bus clock is selected as the input clock source
0 = The alternate clock source IS SELECTED

MODE[1:0] — 10- or 8-Bit or Hardware Triggered Mode Selection
These bits select 10- or 8-bit operation. The successive approximation converter generates a result 
that is rounded to 8- or 10-bit value based on the mode selection. This rounding process sets the 
transfer function to transition at the midpoint between the ideal code voltages, causing a quantization 
error of ± 1/2LSB. 

Reset returns 8-bit mode.
00 = 8-bit, right-justified, ADSCR software triggered mode enabled
01 = 10-bit, right-justified, ADSCR software triggered mode enabled
10 = Reserved
11 = 10-bit, right-justified, hardware triggered mode enabled

Bit 7 6 5 4 3 2 1 Bit 0

Read:
ADLPC ADIV1 ADIV0 ADICLK MODE1 MODE0 ADLSMP ACLKEN

Write:

Reset: 0 0 0 0 0 0 0 0

Figure 3-7. ADC10 Clock Register (ADCLK)

Table 3-3. ADC10 Clock Divide Ratio

ADIV1 ADIV0 Divide Ratio (ADIV)  Clock Rate

0 0 1 Input clock ÷ 1

0 1 2 Input clock ÷ 2

1 0 4 Input clock ÷ 4

1 1 8 Input clock ÷ 8
MC68HC908QB8 Data Sheet, Rev. 3
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Registers
AWUIE — Auto Wakeup Interrupt Enable Bit
This read/write bit enables the auto wakeup interrupt input to latch interrupt requests. Reset clears 
AWUIE.

1 = Auto wakeup enabled as interrupt input
0 = Auto wakeup not enabled as interrupt input

NOTE
KBIE5–KBIE0 bits are not used in conjuction with the auto wakeup feature. 
To see a description of these bits, see 9.8.2 Keyboard Interrupt Enable 
Register (KBIER).

4.6.4  Configuration Register 2

The configuration register 2 (CONFIG2), is used to allow the bus clock source to run in STOP. In this case, 
the clock, BUSCLKX2 will be used to drive the AWU request generator.

OSCENINSTOP — Oscillator Enable in Stop Mode Bit
OSCENINSTOP, when set, will allow the bus clock source (BUSCLKX2) to generate clocks for the 
AWU in stop mode. See 11.8.1 Oscillator Status and Control Register for information on enabling the 
external clock sources.

1 = Oscillator enabled to operate during stop mode
0 = Oscillator disabled during stop mode

NOTE
IRQPUD, IRQEN, ESCIBDSRC, and RSTEN bits are not used in conjuction 
with the auto wakeup feature. To see a description of these bits, see 
Chapter 5 Configuration Register (CONFIG).

4.6.5  Configuration Register 1

The configuration register 1 (CONFIG1), is used to select the period for the AWU. The timeout will be 
based on the COPRS bit along with the clock source for the AWU. 

Bit 7 6 5 4 3 2 1 Bit 0

Read:
IRQPUD IRQEN R R R ESCI-BDSRC OSCENINSTOP RSTEN

Write:

Reset: 0 0 0 0 0 0 0 0

Figure 4-5. Configuration Register 2 (CONFIG2)

Bit 7 6 5 4 3 2 1 Bit 0

Read:
COPRS LVISTOP LVIRSTD LVIPWRD LVITRIP SSREC STOP COPD

Write:

Reset: POR:
0
0

0
0

0
0

0
0

U
0

0
0

0
0

0
0

U = Unaffected

Figure 4-6. Configuration Register 1 (CONFIG1)
MC68HC908QB8 Data Sheet, Rev. 3
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Central Processor Unit (CPU)
Figure 7-1. CPU Registers

7.3.1  Accumulator

The accumulator is a general-purpose 8-bit register. The CPU uses the accumulator to hold operands and 
the results of arithmetic/logic operations.

7.3.2  Index Register

The 16-bit index register allows indexed addressing of a 64-Kbyte memory space. H is the upper byte of 
the index register, and X is the lower byte. H:X is the concatenated 16-bit index register.

In the indexed addressing modes, the CPU uses the contents of the index register to determine the 
conditional address of the operand.

The index register can serve also as a temporary data storage location.

Bit 7 6 5 4 3 2 1 Bit 0

Read:

Write:

Reset: Unaffected by reset

Figure 7-2. Accumulator (A)

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

Bit
0

Read:

Write:

Reset: 0 0 0 0 0 0 0 0 X X X X X X X X

X = Indeterminate

Figure 7-3. Index Register (H:X)

ACCUMULATOR (A)

INDEX REGISTER (H:X)

STACK POINTER (SP)

PROGRAM COUNTER (PC)

CONDITION CODE REGISTER (CCR)

CARRY/BORROW FLAG
ZERO FLAG
NEGATIVE FLAG
INTERRUPT MASK
HALF-CARRY FLAG
TWO’S COMPLEMENT OVERFLOW FLAG

V 1 1 H I N Z C

H X

0

0

0

0

7

15

15

15

7 0
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Central Processor Unit (CPU)
CLR opr
CLRA
CLRX
CLRH
CLR opr,X
CLR ,X
CLR opr,SP

Clear 

M ← $00
A ← $00
X ← $00
H ← $00
M ← $00
M ← $00
M ← $00

0 – – 0 1 –

DIR
INH
INH
INH
IX1
IX
SP1

3F
4F
5F
8C
6F
7F

9E6F

dd

ff 

ff

3
1
1
1
3
2
4

CMP #opr
CMP opr
CMP opr
CMP opr,X
CMP opr,X
CMP ,X
CMP opr,SP
CMP opr,SP

Compare A with M (A) – (M) – –

IMM
DIR
EXT
IX2
IX1
IX
SP1
SP2

A1
B1
C1
D1
E1
F1

9EE1
9ED1

ii
dd
hh ll
ee ff
ff

ff
ee ff

2
3
4
4
3
2
4
5

COM opr
COMA
COMX
COM opr,X
COM ,X
COM opr,SP

Complement (One’s Complement)

M ← (M) = $FF – (M)
A ← (A) = $FF – (M)
X ← (X) = $FF – (M)
M ← (M) = $FF – (M)
M ← (M) = $FF – (M)
M ← (M) = $FF – (M)

0 – – 1

DIR
INH
INH
IX1
IX
SP1

33
43
53
63
73

9E63

dd

ff

ff

4
1
1
4
3
5

CPHX #opr
CPHX opr Compare H:X with M (H:X) – (M:M + 1) – – IMM

DIR
65
75

ii ii+1
dd

3
4

CPX #opr
CPX opr
CPX opr
CPX ,X
CPX opr,X
CPX opr,X
CPX opr,SP
CPX opr,SP

Compare X with M (X) – (M) – –

IMM
DIR
EXT
IX2
IX1
IX
SP1
SP2

A3
B3
C3
D3
E3
F3

9EE3
9ED3

ii
dd
hh ll
ee ff
ff

ff
ee ff

2
3
4
4
3
2
4
5

DAA Decimal Adjust A (A)10 U – – INH 72 2

DBNZ opr,rel
DBNZA rel
DBNZX rel
DBNZ opr,X,rel
DBNZ X,rel
DBNZ opr,SP,rel

Decrement and Branch if Not Zero

A ← (A) – 1 or M ← (M) – 1 or X ← (X) – 1
PC ← (PC) + 3 + rel ? (result) ≠ 0
PC ← (PC) + 2 + rel ? (result) ≠ 0
PC ← (PC) + 2 + rel ? (result) ≠ 0
PC ← (PC) + 3 + rel ? (result) ≠ 0
PC ← (PC) + 2 + rel ? (result) ≠ 0
PC ← (PC) + 4 + rel ? (result) ≠ 0

– – – – – –

DIR
INH
INH
IX1
IX
SP1

3B
4B
5B
6B
7B

9E6B

dd rr
rr
rr
ff rr
rr
ff rr

5
3
3
5
4
6

DEC opr
DECA
DECX
DEC opr,X
DEC ,X
DEC opr,SP

Decrement

M ← (M) – 1
A ← (A) – 1
X ← (X) – 1
M ← (M) – 1
M ← (M) – 1
M ← (M) – 1

– – –

DIR
INH
INH
IX1
IX
SP1

3A
4A
5A
6A
7A

9E6A

dd

ff

ff

4
1
1
4
3
5

DIV Divide A ← (H:A)/(X)
H ← Remainder – – – – INH 52 7

EOR #opr
EOR opr
EOR opr
EOR opr,X
EOR opr,X
EOR ,X
EOR opr,SP
EOR opr,SP

Exclusive OR M with A A ← (A ⊕ M) 0 – – –

IMM
DIR
EXT
IX2
IX1
IX
SP1
SP2

A8
B8
C8
D8
E8
F8

9EE8
9ED8

ii
dd
hh ll
ee ff
ff

ff
ee ff

2
3
4
4
3
2
4
5

INC opr
INCA
INCX
INC opr,X
INC ,X
INC opr,SP

Increment

M ← (M) + 1
A ← (A) + 1
X ← (X) + 1
M ← (M) + 1
M ← (M) + 1
M ← (M) + 1

– – –

DIR
INH
INH
IX1
IX
SP1

3C
4C
5C
6C
7C

9E6C

dd

ff

ff

4
1
1
4
3
5

Table 7-1. Instruction Set Summary (Sheet 3 of 6)

Source
Form Operation Description

Effect
on CCR

A
d

d
re

ss
M

o
d

e

O
p

co
d

e

O
p

er
an

d

C
yc

le
s

V H I N Z C
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Central Processor Unit (CPU)
PULA Pull A from Stack SP ← (SP + 1); Pull (A) – – – – – – INH 86 2

PULH Pull H from Stack SP ← (SP + 1); Pull (H) – – – – – – INH 8A 2

PULX Pull X from Stack SP ← (SP + 1); Pull (X) – – – – – – INH 88 2

ROL opr
ROLA
ROLX
ROL opr,X
ROL ,X
ROL opr,SP

Rotate Left through Carry – –

DIR
INH
INH
IX1
IX
SP1

39
49
59
69
79

9E69

dd

ff

ff

4
1
1
4
3
5

ROR opr
RORA
RORX
ROR opr,X
ROR ,X
ROR opr,SP

Rotate Right through Carry – –

DIR
INH
INH
IX1
IX
SP1

36
46
56
66
76

9E66

dd

ff

ff

4
1
1
4
3
5

RSP Reset Stack Pointer SP ← $FF – – – – – – INH 9C 1

RTI Return from Interrupt

SP ← (SP) + 1; Pull (CCR)
SP ← (SP) + 1; Pull (A)
SP ← (SP) + 1; Pull (X)

SP ← (SP) + 1; Pull (PCH)
SP ← (SP) + 1; Pull (PCL)

INH 80 7

RTS Return from Subroutine SP ← SP + 1; Pull (PCH)
SP ← SP + 1; Pull (PCL) – – – – – – INH 81 4

SBC #opr
SBC opr
SBC opr
SBC opr,X
SBC opr,X
SBC ,X
SBC opr,SP
SBC opr,SP

Subtract with Carry A ← (A) – (M) – (C) – –

IMM
DIR
EXT
IX2
IX1
IX
SP1
SP2

A2
B2
C2
D2
E2
F2

9EE2
9ED2

ii
dd
hh ll
ee ff
ff

ff
ee ff

2
3
4
4
3
2
4
5

SEC Set Carry Bit C ← 1 – – – – – 1 INH 99 1

SEI Set Interrupt Mask I ← 1 – – 1 – – – INH 9B 2

STA opr
STA opr
STA opr,X
STA opr,X
STA ,X
STA opr,SP
STA opr,SP

Store A in M M ← (A) 0 – – –

DIR
EXT
IX2
IX1
IX
SP1
SP2

B7
C7
D7
E7
F7

9EE7
9ED7

dd
hh ll
ee ff
ff

ff
ee ff

3
4
4
3
2
4
5

STHX opr Store H:X in M (M:M + 1) ← (H:X) 0 – – – DIR 35 dd 4

STOP
Enable Interrupts, Stop Processing, 
Refer to MCU Documentation

I ← 0; Stop Processing – – 0 – – – INH 8E 1

STX opr
STX opr
STX opr,X
STX opr,X
STX ,X
STX opr,SP
STX opr,SP

Store X in M M ← (X) 0 – – –

DIR
EXT
IX2
IX1
IX
SP1
SP2

BF
CF
DF
EF
FF

9EEF
9EDF

dd
hh ll
ee ff
ff

ff
ee ff

3
4
4
3
2
4
5

SUB #opr
SUB opr
SUB opr
SUB opr,X
SUB opr,X
SUB ,X
SUB opr,SP
SUB opr,SP

Subtract A ← (A) – (M) – –

IMM
DIR
EXT
IX2
IX1
IX
SP1
SP2

A0
B0
C0
D0
E0
F0

9EE0
9ED0

ii
dd
hh ll
ee ff
ff

ff
ee ff

2
3
4
4
3
2
4
5

Table 7-1. Instruction Set Summary (Sheet 5 of 6)

Source
Form Operation Description

Effect
on CCR

A
d

d
re

ss
M

o
d

e

O
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e

O
p
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d

C
yc

le
s

V H I N Z C

C

b0b7

b0b7

C
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Functional Description
 

Figure 9-2. Keyboard Interrupt Block Diagram

• Vector fetch or software clear. A KBI vector fetch generates an interrupt acknowledge signal to 
clear the KBI latch. Software generates the interrupt acknowledge signal by writing a 1 to ACKK in 
KBSCR. The ACKK bit is useful in applications that poll the keyboard interrupt inputs and require 
software to clear the KBI latch. Writing to ACKK prior to leaving an interrupt service routine can 
also prevent spurious interrupts due to noise. Setting ACKK does not affect subsequent transitions 
on the keyboard interrupt inputs. An edge detect that occurs after writing to ACKK latches another 
interrupt request. If the keyboard interrupt mask bit, IMASKK, is clear, the CPU loads the program 
counter with the KBI vector address.

The KBI vector fetch or software clear and the return of all enabled keyboard interrupt pins to a deasserted 
level may occur in any order.

Reset clears the keyboard interrupt request and the MODEK bit, clearing the interrupt request even if a 
keyboard interrupt input stays asserted.

9.3.1.2  MODEK = 0

If the MODEK bit is clear, the keyboard interrupt inputs are edge sensitive. The KBIPx bit will determine 
whether an edge sensitive pin detects rising or falling edges. A KBI vector fetch or software clear 
immediately clears the KBI latch.

The keyboard flag bit (KEYF) in KBSCR can be read to check for pending interrupts. The KEYF bit is not 
affected by IMASKK, which makes it useful in applications where polling is preferred.

NOTE
Setting a keyboard interrupt enable bit (KBIEx) forces the corresponding 
keyboard interrupt pin to be an input, overriding the data direction register. 
However, the data direction register bit must be a 0 for software to read the 
pin.

KBI LATCH
KEYBOARD
INTERRUPT
REQUEST

ACKK

INTERNAL BUS

RESET

KBIE0
KBI0 0

1

S

KBIP0

KBIEx
KBIx 0

1

S

KBIPx

D Q

CK

CLR

VDD

MODEK

IMASKK

SYNCHRONIZER

KEYF

TO PULLUP/

TO PULLUP/
PULLDOWN ENABLE

PULLDOWN ENABLE

VECTOR FETCH
DECODER

AWUIREQ
 (SEE Figure 4-1)
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Port A
Figure 12-3. Port A I/O Circuit

NOTE
Figure 12-3 does not apply to PTA2

When DDRAx is a 1, reading PTA reads the PTAx data latch. When DDRAx is a 0, reading PTA reads 
the logic level on the PTAx pin. The data latch can always be written, regardless of the state of its data 
direction bit.

12.2.3  Port A Input Pullup Enable Register

The port A input pullup enable register (PTAPUE) contains a software configurable pullup device for each 
of the port A pins. Each bit is individually configurable and requires the corresponding data direction 
register, DDRAx, to be configured as input. Each pullup device is automatically and dynamically disabled 
when its corresponding DDRAx bit is configured as output.

OSC2EN — Enable PTA4 on OSC2 Pin
This read/write bit configures the OSC2 pin function when internal oscillator or RC oscillator option is 
selected. This bit has no effect for the XTAL or external oscillator options.

1 = OSC2 pin outputs the internal or RC oscillator clock (BUSCLKX4)
0 = OSC2 pin configured for PTA4 I/O, having all the interrupt and pullup functions

PTAPUE[5:0] — Port A Input Pullup Enable Bits
These read/write bits are software programmable to enable pullup devices on port A pins.

1 = Corresponding port A pin configured to have internal pullup if its DDRA bit is set to 0
0 = Pullup device is disconnected on the corresponding port A pin regardless of the state of its 

DDRA bit

Bit 7 6 5 4 3 2 1 Bit 0

Read:
OSC2EN PTAPUE5 PTAPUE4 PTAPUE3 PTAPUE2 PTAPUE1 PTAPUE0

Write:

Reset: 0 0 0 0 0 0 0 0

= Unimplemented

Figure 12-4. Port A Input Pullup Enable Register (PTAPUE)

READ DDRA 

WRITE DDRA

RESET

WRITE PTA

READ PTA

PTAx

DDRAx

PTAx

IN
TE

R
N

AL
 D

AT
A 

BU
S

PULLUP

PTAPUEx
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Registers
NOTE
Writing to the RE bit is not allowed when the enable ESCI bit (ENSCI) is 
clear. ENSCI is in ESCI control register 1.

RWU — Receiver Wakeup Bit
This read/write bit puts the receiver in a standby state during which receiver interrupts are disabled. 
The WAKE bit in SCC1 determines whether an idle input or an address mark brings the receiver out 
of the standby state and clears the RWU bit.

1 = Standby state
0 = Normal operation

SBK — Send Break Bit
Setting and then clearing this read/write bit transmits a break character followed by a 1. The 1 after the 
break character guarantees recognition of a valid start bit. If SBK remains set, the transmitter 
continuously transmits break characters with no 1s between them.

1 = Transmit break characters
0 = No break characters being transmitted

NOTE
Do not toggle the SBK bit immediately after setting the SCTE bit. Toggling 
SBK before the preamble begins causes the ESCI to send a break 
character instead of a preamble.

13.8.3  ESCI Control Register 3

ESCI control register 3 (SCC3):
• Stores the ninth ESCI data bit received and the ninth ESCI data bit to be transmitted.
• Enables these interrupts:

– Receiver overrun 
– Noise error 
– Framing error 
– Parity error 

R8 — Received Bit 8
When the ESCI is receiving 9-bit characters, R8 is the read-only ninth bit (bit 8) of the received 
character. R8 is received at the same time that the SCDR receives the other 8 bits.

When the ESCI is receiving 8-bit characters, R8 is a copy of the eighth bit (bit 7). 

T8 — Transmitted Bit 8
When the ESCI is transmitting 9-bit characters, T8 is the read/write ninth bit (bit 8) of the transmitted 
character. T8 is loaded into the transmit shift register at the same time that the SCDR is loaded into 
the transmit shift register.

Bit 7 6 5 4 3 2 1 Bit 0

Read: R8
T8 R R ORIE NEIE FEIE PEIE

Write:

Reset: U 0 0 0 0 0 0 0

= Unimplemented R = Reserved U = Unaffected

Figure 13-11. ESCI Control Register 3 (SCC3)
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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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Serial Peripheral Interface (SPI) Module
Figure 15-4. Transmission Format (CPHA = 0)

Two waveforms are shown for SPSCK: one for CPOL = 0 and another for CPOL = 1. The diagram may 
be interpreted as a master or slave timing diagram because the serial clock (SPSCK), master in/slave out 
(MISO), and master out/slave in (MOSI) pins are directly connected between the master and the slave. 
The MISO signal is the output from the slave, and the MOSI signal is the output from the master. The SS 
line is the slave select input to the slave. The slave SPI drives its MISO output only when its slave select 
input (SS) is low, so that only the selected slave drives to the master. The SS pin of the master is not 
shown but is assumed to be inactive. The SS pin of the master must be high or must be reconfigured as 
general-purpose I/O not affecting the SPI. (See 15.3.6.2 Mode Fault Error.) When CPHA = 0, the first 
SPSCK edge is the MSB capture strobe. Therefore, the slave must begin driving its data before the first 
SPSCK edge, and a falling edge on the SS pin is used to start the slave data transmission. The slave’s 
SS pin must be toggled back to high and then low again between each byte transmitted as shown in 
Figure 15-5.

Figure 15-5. CPHA/SS Timing

15.3.3.3  Transmission Format When CPHA = 1

Figure 15-6 shows an SPI transmission in which CPHA = 1. The figure should not be used as a 
replacement for data sheet parametric information. Two waveforms are shown for SPSCK: one for 
CPOL = 0 and another for CPOL = 1. The diagram may be interpreted as a master or slave timing 
diagram because the serial clock (SPSCK), master in/slave out (MISO), and master out/slave in (MOSI) 
pins are directly connected between the master and the slave. The MISO signal is the output from the 
slave, and the MOSI signal is the output from the master. The SS line is the slave select input to the slave. 
The slave SPI drives its MISO output only when its slave select input (SS) is low, so that only the selected 
slave drives to the master. The SS pin of the master is not shown but is assumed to be inactive. The SS 
pin of the master must be high or must be reconfigured as general-purpose I/O not affecting the SPI. (See 
15.3.6.2 Mode Fault Error.) When CPHA = 1, the master begins driving its MOSI pin on the first SPSCK 
edge. Therefore, the slave uses the first SPSCK edge as a start transmission signal. The SS pin can 

BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 LSBMSB

BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 LSBMSB

1 2 3 4 5 6 7 8SPSCK CYCLE #
FOR REFERENCE

SPSCK; CPOL = 0

SPSCK; CPOL =1

MOSI
FROM MASTER

MISO
FROM SLAVE

SS; TO SLAVE

CAPTURE STROBE

BYTE 1 BYTE 3MISO/MOSI BYTE 2

MASTER SS

SLAVE SS
CPHA = 0

SLAVE SS
CPHA = 1
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Serial Peripheral Interface (SPI) Module
15.3.6.2  Mode Fault Error

Setting SPMSTR selects master mode and configures the SPSCK and MOSI pins as outputs and the 
MISO pin as an input. Clearing SPMSTR selects slave mode and configures the SPSCK and MOSI pins 
as inputs and the MISO pin as an output. The mode fault bit, MODF, becomes set any time the state of 
the slave select pin, SS, is inconsistent with the mode selected by SPMSTR. 

To prevent SPI pin contention and damage to the MCU, a mode fault error occurs if:
• The SS pin of a slave SPI goes high during a transmission
• The SS pin of a master SPI goes low at any time

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

MODF generates a receiver/error interrupt request if the error interrupt enable bit (ERRIE) is also set. The 
SPRF, MODF, and OVRF interrupts share the same interrupt vector. (See Figure 15-11.) It is not possible 
to enable MODF or OVRF individually to generate a receiver/error interrupt request. However, leaving 
MODFEN low prevents MODF from being set.

In a master SPI with the mode fault enable bit (MODFEN) set, the mode fault flag (MODF) is set if SS 
goes low. A mode fault in a master SPI causes the following events to occur:

• If ERRIE = 1, the SPI generates an SPI receiver/error interrupt request.
• The SPE bit is cleared.
• The SPTE bit is set.
• The SPI state counter is cleared.
• The data direction register of the shared I/O port regains control of port drivers.

NOTE
To prevent bus contention with another master SPI after a mode fault error, 
clear all SPI bits of the data direction register of the shared I/O port before 
enabling the SPI.

When configured as a slave (SPMSTR = 0), the MODF flag is set if SS goes high during a transmission. 
When CPHA = 0, a transmission begins when SS goes low and ends after the incoming SPSCK goes to 
its idle level following the shift of the eighth data bit. When CPHA = 1, the transmission begins when the 
SPSCK leaves its idle level and SS is already low. The transmission continues until the SPSCK returns 
to its idle level following the shift of the last data bit. See 
15.3.3 Transmission Formats.

NOTE
Setting the MODF flag does not clear the SPMSTR bit. SPMSTR has no 
function when SPE = 0. Reading SPMSTR when MODF = 1 shows the 
difference between a MODF occurring when the SPI is a master and when 
it is a slave.

When CPHA = 0, a MODF occurs if a slave is selected (SS is low) and later 
unselected (SS is high) even if no SPSCK is sent to that slave. This 
happens because SS low indicates the start of the transmission (MISO 
driven out with the value of MSB) for CPHA = 0. When CPHA = 1, a slave 
can be selected and then later unselected with no transmission occurring. 
Therefore, MODF does not occur because a transmission was never 
begun.
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Serial Peripheral Interface (SPI) Module
The error interrupt enable bit (ERRIE) enables both the MODF and OVRF bits to generate a receiver/error 
interrupt request. 

The mode fault enable bit (MODFEN) can prevent the MODF flag from being set so that only the OVRF 
bit is enabled by the ERRIE bit to generate receiver/error interrupt requests.

The following sources in the SPI status and control register can generate interrupt requests:
• SPI receiver full bit (SPRF) — SPRF becomes set every time a byte transfers from the shift register 

to the receive data register. If the SPI receiver interrupt enable bit, SPRIE, is also set, SPRF 
generates an SPI receiver/error interrupt request.

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

15.5  Low-Power Modes

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

15.5.1  Wait Mode

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

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

To exit wait mode when an overflow condition occurs, enable the OVRF bit to generate interrupt requests 
by setting the error interrupt enable bit (ERRIE). See 15.4 Interrupts.

15.5.2  Stop Mode

The SPI module is inactive after the execution of a STOP instruction. The STOP instruction does not 
affect register conditions. SPI operation resumes after an external interrupt. If stop mode is exited by 
reset, any transfer in progress is aborted, and the SPI is reset.

15.6  SPI 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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Monitor Module (MON)
 
Figure 17-12. Monitor Mode Circuit (Internal Clock, No High Voltage)

The monitor code has been updated from previous versions of the monitor code to allow enabling the 
internal oscillator to generate the internal clock. This addition, which is enabled when IRQ is held low out 
of reset, is intended to support serial communication/programming at 9600 baud in monitor mode by using 
the internal oscillator, and the internal oscillator user trim value OSCTRIM (FLASH location $FFC0, if 
programmed) to generate the desired internal frequency (3.2 MHz). Since this feature is enabled only 
when IRQ is held low out of reset, it cannot be used when the reset vector is programmed (i.e., the value 
is not $FFFF) because entry into monitor mode in this case requires VTST on IRQ. The IRQ pin must 
remain low during this monitor session in order to maintain communication.

Table 17-1 shows the pin conditions for entering monitor mode. As specified in the table, monitor mode 
may be entered after a power-on reset (POR) and will allow communication at 9600 baud provided one 
of the following sets of conditions is met:

• If $FFFE and $FFFF do not contain $FF (programmed state):
– The external clock is 9.8304 MHz
– IRQ = VTST

• If $FFFE and $FFFF contain $FF (erased state):
– The external clock is 9.8304 MHz
– IRQ = VDD (this can be implemented through the internal IRQ pullup)

• If $FFFE and $FFFF contain $FF (erased state):
– IRQ = VSS (internal oscillator is selected, no external clock required)

The rising edge of the internal RST signal latches the monitor mode. Once monitor mode is latched, the 
values on PTA1 and PTA4 pins can be changed.

Once out of reset, the MCU waits for the host to send eight security bytes (see 17.3.2 Security). After the 
security bytes, the MCU sends a break signal (10 consecutive 0s) to the host, indicating that it is ready to 
receive a command.

RST (PTA3)

IRQ (PTA2)

PTA0

10 kΩ*

OSC1 (PTA5)N.C.

8

7
DB9

2

3

5

16

15

2

6

10

9

VDD

1 μF

MAX232

C1+

C1–

V+

V–
5

4

1 μF

C2+

C2–

VDD

1 μF
+

1

2 3 4

56
74HC125

74HC125
10 kΩ

N.C.PTA1

N.C.PTA4

VSS

0.1 μF

VDD

+

3

1

1 μF
+ +

+
1 μF

VDD

* Value not critical

N.C.
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Development Support
17.3.1.1  Normal Monitor Mode

RST and OSC1 functions will be active on the PTA3 and PTA5 pins respectively as long as VTST is 
applied to the IRQ pin. If the IRQ pin is lowered (no longer VTST) then the chip will still be operating in 
monitor mode, but the pin functions will be determined by the settings in the configuration registers (see 
Chapter 5 Configuration Register (CONFIG)) when VTST was lowered. With VTST lowered, the BIH and 
BIL instructions will read the IRQ pin state only if IRQEN is set in the CONFIG2 register.

If monitor mode was entered with VTST on IRQ, then the COP is disabled as long as VTST is applied to 
IRQ.

Table 17-1. Monitor Mode Signal Requirements and Options

Mode
IRQ

(PTA2)
RST

(PTA3)
Reset
Vector

Serial
Communi-

cation

Mode
Selection

COP

Communication
Speed

Comments

PTA0 PTA1 PTA4
External

Clock
Bus

Frequency
Baud
Rate

Normal
Monitor

VTST VDD X 1 1 0 Disabled
9.8304
MHz

2.4576
MHz

9600
Provide external 
clock at OSC1.

Forced
Monitor

VDD X
$FFFF
(blank)

1 X X Disabled
9.8304
MHz

2.4576
MHz

9600
Provide external 
clock at OSC1.

VSS X
$FFFF
(blank)

1 X X Disabled X
3.2 MHz

(Trimmed)
9600

Internal clock is 
active.

User X X
Not

$FFFF
X X X Enabled X X X

MON08
Function
[Pin No.]

VTST
[6]

RST
[4]

—
COM

[8]
MOD0

[12]
MOD1

[10]
—

OSC1
[13]

— —

1. PTA0 must have a pullup resistor to VDD in monitor mode.
2. Communication speed in the table is an example to obtain a baud rate of 9600. Baud rate using external oscillator is bus

frequency / 256 and baud rate using internal oscillator is bus frequency / 335.
3. External clock is a 9.8304 MHz oscillator on OSC1.
4. Lowering VTST once monitor mode is entered allows the clock source to be controlled by the OSCSC register.
5. X = don’t care
6. MON08 pin refers to P&E Microcomputer Systems’ MON08-Cyclone 2 by 8-pin connector.

NC 1 2 GND

NC 3 4 RST

NC 5 6 IRQ

NC 7 8 PTA0

NC 9 10 PTA4

NC 11 12 PTA1

OSC1 13 14 NC

VDD 15 16 NC
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Development Support
A sequence of IREAD or IWRITE commands can access a block of memory sequentially over the full 
64-Kbyte memory map.

Table 17-4. WRITE (Write Memory) Command

Description Write byte to memory

Operand 2-byte address in high-byte:low-byte order; low byte followed by data byte

Data Returned None

Opcode $49

Command Sequence

Table 17-5. IREAD (Indexed Read) Command

Description Read next 2 bytes in memory from last address accessed

Operand None

Data Returned Returns contents of next two addresses

Opcode $1A

Command Sequence

Table 17-6. IWRITE (Indexed Write) Command

Description Write to last address accessed + 1

Operand Single data byte

Data Returned None

Opcode $19

Command Sequence

WRITEWRITE

ECHO

FROM HOST

ADDRESS
HIGH

ADDRESS
HIGH

ADDRESS
LOW

ADDRESS
LOW DATA DATA

IREADIREAD

ECHO

DATA

RETURN

DATA

FROM HOST

IWRITEIWRITE

ECHO

FROM HOST

DATA DATA
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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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