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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
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.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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General Description
Pin Functions

 

1.6.3  LCD Bias Voltage (VLCD)

VLCD is the bias voltage supply for the LCD driver module. Connect the 
VLCD pin to the same voltage potential as VDD. For maximum noise 
immunity, route VLCD via a separate trace and place bypass capacitors 
as close as possible to the package. See Section 17. Liquid Crystal 
Display (LCD) Driver.

1.6.4  Oscillator Pins (OSC1 and OSC2)

The OSC1 and OSC2 pins are the connections for the on-chip oscillator 
circuit. The OSC1 pin contains a schmitt-trigger and a spike filter for 
improved EMC performance. See Section 7. Oscillator (OSC).

1.6.5  External Reset Pin (RST)

A logic 0 on the RST pin forces the MCU to a known start-up state. RST 
is bidirectional, allowing a reset of the entire system. It is driven low when 
any internal reset source is asserted. A Schmitt-trigger and a spike filter 
is associated with this pin so that the device is more robust to EMC 
noise. This pin also contains an internal pullup resistor. See 9.4 Reset 
and System Initialization.

1.6.6  External Interrupt Pin (IRQ)

IRQ is an asynchronous external interrupt pin. This pin contains an 
internal pullup resistor. See Section 19. External Interrupt (IRQ).

1.6.7  External Filter Capacitor Pin (CGMXFC)

CGMXFC is an external filter capacitor connection for the CGM. 
See 8.4.9 CGM External Connections.

1.6.8  ADC Voltage High Reference Pin (VREFH)

VREFH is the voltage input pin for the ADC voltage high reference.
See 16.7.4 ADC Voltage Reference High Pin (VREFH).
MC68HC908LJ24/LK24 — Rev. 2.1 Data Sheet
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Memory Map
Input/Output (I/O) Section

 

$0000
↓

$007F

I/O Registers
128 Bytes

$0080
↓

$037F

RAM
768 Bytes

$0380
↓

$8FFF

Unimplemented
35,968 Bytes

$9000
↓

$EFFF

User FLASH Memory
24,576 Bytes

$F000
↓

$FBFF

Unimplemented
3,072 Bytes

$FC00
↓

$FDFF

Monitor ROM 1
512 Bytes

$FE00 SIM Break Status Register (SBSR)

$FE01 SIM Reset Status Register (SRSR)

$FE02 Reserved

$FE03 SIM Break Flag Control Register (SBFCR)

$FE04 Interrupt Status Register 1 (INT1)

$FE05 Interrupt Status Register 2 (INT2)

$FE06 Interrupt Status Register 3 (INT3)

$FE07 Reserved

$FE08 FLASH Control Register (FLCR)

$FE09 Reserved

$FE0A Reserved

$FE0B Reserved

$FE0C Break Address Register High (BRKH)

$FE0D Break Address Register Low (BRKL)

$FE0E Break Status and Control Register (BRKSCR)

$FE0F LVI Status Register (LVISR)

$FE10
↓

$FFCE

Monitor ROM 2
447 Bytes

$FFCF FLASH Block Protect Register (FLBPR)

$FFD0
↓

$FFFF

User Vectors
48 Bytes

Figure 2-1. Memory Map
MC68HC908LJ24/LK24 — Rev. 2.1 Data Sheet

Freescale Semiconductor Memory Map 51



Configuration Registers (CONFIG)
Configuration Register 1 (CONFIG1)

 

5.4  Configuration Register 1 (CONFIG1)

The CONFIG1 register can be written once after each reset.

COPRS — COP Rate Select

COPRS selects the COP time-out period. Reset clears COPRS. (See 
Section 21. Computer Operating Properly (COP).)

1 = COP time out period = 213 – 24 ICLK cycles
0 = COP time out period = 218 – 24 ICLK cycles

LVISTOP — LVI Enable in Stop Mode

When the LVIPWRD bit is clear, setting the LVISTOP bit enables the 
LVI to operate during stop mode. Reset clears LVISTOP. (See 
Section 22. Low-Voltage Inhibit (LVI).) 

1 = LVI enabled during stop mode
0 = LVI disabled during stop mode

LVIRSTD — LVI Reset Disable

LVIRSTD disables the reset signal from the LVI module. (See 
Section 22. Low-Voltage Inhibit (LVI).)

1 = LVI module resets disabled
0 = LVI module resets enabled

LVIPWRD — LVI Power Disable Bit

LVIPWRD disables the LVI module. (See Section 22. Low-Voltage 
Inhibit (LVI).)

1 = LVI module power disabled
0 = LVI module power enabled

Address: $001F

Bit 7 6 5 4 3 2 1 Bit 0

Read:
COPRS LVISTOP LVIRSTD LVIPWRD

0
SSREC STOP COPD

Write:

Reset: 0 0 0 0†† 0 0 0 0

†† Reset by POR only. = Unimplemented

Figure 5-2. Configuration Register 1 (CONFIG1)
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Central Processor Unit (CPU)
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

JMP opr
JMP opr
JMP opr,X
JMP opr,X
JMP ,X

 Jump PC ← Jump Address – – – – – –

DIR
EXT
IX2
IX1
IX

BC
CC
DC
EC
FC

dd
hh ll
ee ff
ff

2
3
4
3
2

JSR opr
JSR opr
JSR opr,X
JSR opr,X
JSR ,X

Jump to Subroutine

PC ← (PC) + n (n = 1, 2, or 3)
Push (PCL); SP ← (SP) – 1
Push (PCH); SP ← (SP) – 1
PC ← Unconditional Address

– – – – – –

DIR
EXT
IX2
IX1
IX

BD
CD
DD
ED
FD

dd
hh ll
ee ff
ff

4
5
6
5
4

LDA #opr
LDA opr
LDA opr
LDA opr,X
LDA opr,X
LDA ,X
LDA opr,SP
LDA opr,SP

Load A from M A ← (M) 0 – – –

IMM
DIR
EXT
IX2
IX1
IX
SP1
SP2

A6
B6
C6
D6
E6
F6

9EE6
9ED6

ii
dd
hh ll
ee ff
ff

ff
ee ff

2
3
4
4
3
2
4
5

LDHX #opr
LDHX opr

Load H:X from M H:X ← (M:M + 1) 0 – – –
IMM
DIR

45
55

ii jj
dd

3
4

LDX #opr
LDX opr
LDX opr
LDX opr,X
LDX opr,X
LDX ,X
LDX opr,SP
LDX opr,SP

Load X from M X ← (M) 0 – – –

IMM
DIR
EXT
IX2
IX1
IX
SP1
SP2

AE
BE
CE
DE
EE
FE

9EEE
9EDE

ii
dd
hh ll
ee ff
ff

ff
ee ff

2
3
4
4
3
2
4
5

LSL opr
LSLA
LSLX
LSL opr,X
LSL ,X
LSL opr,SP

Logical Shift Left
(Same as ASL)

– –

DIR
INH
INH
IX1
IX
SP1

38
48
58
68
78

9E68

dd

ff

ff

4
1
1
4
3
5

LSR opr
LSRA
LSRX
LSR opr,X
LSR ,X
LSR opr,SP

Logical Shift Right – – 0

DIR
INH
INH
IX1
IX
SP1

34
44
54
64
74

9E64

dd

ff

ff

4
1
1
4
3
5

Table 6-1. Instruction Set Summary (Sheet 5 of 8)

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

C

b0b7

0

b0b7

C0
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Clock Generator Module (CGM)
The following conditions apply when in manual mode:

• ACQ is a writable control bit that controls the mode of the filter. 
Before turning on the PLL in manual mode, the ACQ bit must be 
clear. 

• Before entering tracking mode (ACQ = 1), software must wait a 
given time, tACQ (See 8.9 Acquisition/Lock Time 
Specifications.), after turning on the PLL by setting PLLON in the 
PLL control register (PCTL).

• Software must wait a given time, tAL, after entering tracking mode 
before selecting the PLL as the clock source to CGMOUT 
(BCS = 1).

• The LOCK bit is disabled.

• CPU interrupts from the CGM are disabled.

8.4.6  Programming the PLL

The following procedure shows how to program the PLL.

NOTE: The round function in the following equations means that the real 
number should be rounded to the nearest integer number.

1. Choose the desired bus frequency, fBUSDES.

2. Calculate the desired VCO frequency, fVCLKDES.

where P is the power of two multiplier, and can be 0, 1, 2, or 3

3. Choose a practical PLL reference frequency, fRCLK, and the 

reference clock divider, R. Typically, the reference is 32.768kHz 
and R = 1.

Frequency errors to the PLL are corrected at a rate of fRCLK/R. For 

stability and lock time reduction, this rate must be as fast as 
possible. The VCO frequency must be an integer multiple of this 
rate.

fVCLKDES 2
P

fCGMPCLK× 2
P

4× fBUSDES×= =
Data Sheet MC68HC908LJ24/LK24 — Rev. 2.1
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System Integration Module (SIM)
Reset and System Initialization

 

9.4.1  External Pin Reset

The RST pin circuit includes an internal pull-up device. Pulling the 
asynchronous RST pin low halts all processing. The PIN bit of the SIM 
reset status register (SRSR) is set as long as RST is held low for a 
minimum of 67 ICLK cycles, assuming that neither the POR nor the LVI 
was the source of the reset. See Table 9-2 for details. 
Figure 9-4 shows the relative timing. 

Figure 9-4. External Reset Timing

9.4.2  Active Resets from Internal Sources

All internal reset sources actively pull the RST pin low for 32 ICLK cycles 
to allow resetting of external peripherals. The internal reset signal IRST 
continues to be asserted for an additional 32 cycles (see Figure 9-5). An 
internal reset can be caused by an illegal address, illegal opcode, COP 
timeout, LVI, or POR (see Figure 9-6).

NOTE: For LVI or POR resets, the SIM cycles through 4096 + 32 ICLK cycles 
during which the SIM forces the RST pin low. The internal reset signal 
then follows the sequence from the falling edge of RST shown in
Figure 9-5.

Table 9-2. PIN Bit Set Timing

Reset Type Number of Cycles Required to Set PIN

POR/LVI 4163 (4096 + 64 + 3)

All others 67 (64 + 3)

RST

IAB PC VECT H VECT L

CGMOUT
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System Integration Module (SIM)
Table 9-3. Vector Addresses

 Priority INT Flag Address Vector
Lowest

IF18
$FFD8 Real Time Clock Vector (High)
$FFD9 Real Time Clock Vector (Low)

IF17
$FFDA ADC Conversion Complete Vector (High)
$FFDB ADC Conversion Complete Vector (Low)

IF16
$FFDC Keyboard Vector (High)
$FFDD Keyboard Vector (Low)

IF15
$FFDE MMIIC Vector (High)
$FFDF MMIIC Vector (Low)

IF14
$FFE0 SCI Transmit Vector (High)
$FFE1 SCI Transmit Vector (Low)

IF13
$FFE2 SCI Receive Vector (High)
$FFE3 SCI Receive Vector (Low)

IF12
$FFE4 SCI Error Vector (High)
$FFE5 SCI Error Vector (Low)

IF11
$FFE6 SPI Receive Vector (High)
$FFE7 SPI Receive Vector (Low)

IF10
$FFE8 SPI Transmit Vector (High)
$FFE9 SPI Transmit Vector (Low)

IF9
$FFEA TIM2 Overflow Vector (High)
$FFEB TIM2 Overflow Vector (Low)

IF8
$FFEC TIM2 Channel 1 Vector (High)
$FFED TIM2 Channel 1 Vector (Low)

IF7
$FFEE TIM2 Channel 0 Vector (High)
$FFEF TIM2 Channel 0 Vector (Low)

IF6
$FFF0 TIM1 Overflow Vector (High)
$FFF1 TIM1 Overflow Vector (Low)

IF5
$FFF2 TIM1 Channel 1 Vector (High)
$FFF3 TIM1 Channel 1 Vector (Low)

IF4
$FFF4 TIM1 Channel 0 Vector (High)
$FFF5 TIM1 Channel 0 Vector (Low)

IF3
$FFF6 PLL Vector (High)
$FFF7 PLL Vector (Low)

IF2
$FFF8 LVI Vector (High)
$FFF9 LVI Vector (Low)

IF1
$FFFA IRQ Vector (High)
$FFFB IRQ Vector (Low)

—
$FFFC SWI Vector (High)
$FFFD SWI Vector (Low)

—
$FFFE Reset Vector (High)

Highest $FFFF Reset Vector (Low)
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Monitor ROM (MON)
Functional Description

 

10.4  Functional Description

The monitor ROM receives and executes commands from a host 
computer. Figure 10-1 shows an example circuit 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.

The monitor code allows enabling the PLL to generate the internal clock, 
provided the reset vector is blank, when the device is being clocked by 
a low-frequency crystal. This entry method, 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 stepping up the external 
frequency (assumed to be 32.768 kHz) by a fixed amount to generate 
the desired internal frequency (2.4576 MHz). Since this feature is 
enabled only when IRQ is held low out of reset, it cannot be used when 
the reset vector is non-zero because entry into monitor mode in this case 
requires VTST on IRQ. 
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Monitor ROM (MON)
Figure 10-1. Monitor Mode Circuit

NOTES:
1. Monitor mode entry method:

SW2: Position C — High voltage entry (VTST); must use external OSC
Bus clock depends on SW1 (note 2).

SW2: Position D — Reset vector must be blank ($FFFE:$FFFF = $FF)
Bus clock = 2.4576MHz.

2. Affects high voltage entry to monitor mode only (SW2 at position C):
SW1: Position A — Bus clock = OSC1 ÷ 4
SW1: Position B — Bus clock = OSC1 ÷ 2

5. See Table 24-4 for VTST voltage level requirements.

10
M

HC908LJ24

RST

IRQ

OSC1

OSC2

VSS

PTA0

6–30 pF

6–30 pF

0.1 µF

32.768kHz

PTA1

VDD

0.1 µF

VDD

PTA2

VDD

10 k

PTC1

VDD

10 k

10 k

SW1A

B

VDD

(SEE NOTE 2)

C

D

XTAL CIRCUIT

16

15

2

6
VDD

MAX232

V+

V–

VDD

10 k

C1+

C1–

5

4 C2+

C2–

+

3

1

1 µF
+ +

+

8

7
DB9

2

3

5

10

9

+

1

2 3 4

56
74HC125

74HC125

1 k

VTST

VCC

GND

1 µF

1 µF

1 µF

1 µF

8.5 V

10 k

CONNECT TO OSC1, WITH OSC2 UNCONNECTED.
MUST BE USED IF SW2 IS AT POSITION C.

OSC1

(SEE NOTE 1)
SW2

330k

10k

0.033 µF

0.01 µF

CGMXFC

VDDA

VLCD

VREFH

VREFL

EXT OSC 

4.9152MHz/9.8304MHz
(50% DUTY)
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Monitor ROM (MON)
Functional Description

 

Figure 10-5. Read Transaction

Figure 10-6. Write Transaction

A brief description of each monitor mode command is given in
Table 10-4 through Table 10-9.

Table 10-4. READ (Read Memory) Command

Description Read byte from memory 

Operand 2-byte address in high-byte:low-byte order

Data
Returned Returns contents of specified address

Opcode $4A

Command Sequence

READREAD

ECHO

FROM HOST

ADDRESS
HIGH

ADDRESS
HIGH

ADDRESS
LOW

ADDRESS
LOW DATA

RETURN

1 3, 21 14 4

Notes:

2 = Data return delay, 2 bit times
3 = Cancel command delay, 11 bit times
4 = Wait 1 bit time before sending next byte.

4 4

 1 = Echo delay, 2 bit times

WRITEWRITE

ECHO

FROM HOST

ADDRESS
HIGH

ADDRESS
HIGH

ADDRESS
LOW

ADDRESS
LOW

DATA DATA

Notes: 

2 = Cancel command delay, 11 bit times
3 = Wait 1 bit time before sending next byte.

1 131 13 3 3 2, 3

1 = Echo delay, 2 bit times

READREAD

ECHO

SENT TO
MONITOR

ADDRESS
HIGH

ADDRESS
HIGH

ADDRESS
LOW DATA

RETURN

ADDRESS
LOW
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Monitor ROM (MON)
ROM-Resident Routines

 

10.6.1  PRGRNGE

PRGRNGE is used to program a range of FLASH locations with data 
loaded into the data array.

The start location of the FLASH to be programmed is specified by the 
address ADDRH:ADDRL and the number of bytes from this location is 
specified by DATASIZE. The maximum number of bytes that can be 
programmed in one routine call is 255 bytes (max. DATASIZE is 255).

ADDRH:ADDRL do not need to be at a page boundary, the routine 
handles any boundary misalignment during programming. A check to 
see that all bytes in the specified range are erased is not performed by 
this routine prior programming. Nor does this routine do a verification 
after programming, so there is no return confirmation that programming 
was successful. User must assure that the range specified is first 
erased.

The coding example below is to program 64 bytes of data starting at 
FLASH location $EF00, with a bus speed of 4.9152 MHz. The coding 
assumes the data block is already loaded in RAM, with the address 
pointer, FILE_PTR, pointing to the first byte of the data block.

Table 10-11. PRGRNGE Routine

Routine Name PRGRNGE

Routine Description Program a range of locations

Calling Address $FC06

Stack Used 14 bytes

Data Block Format Bus speed (BUS_SPD)
Data size (DATASIZE)
Start address high (ADDRH)
Start address (ADDRL)
Data 1 (DATA1)

:
Data N (DATAN)
MC68HC908LJ24/LK24 — Rev. 2.1 Data Sheet

Freescale Semiconductor Monitor ROM (MON) 181



Timer Interface Module (TIM)
Pin Name Conventions

 

11.4  Pin Name Conventions

The text that follows describes both timers, TIM1 and TIM2. The TIM 
input/output (I/O) pin names are T[1,2]CH0 (timer channel 0). T[1,2]CH1 
(timer channel 1), and T[1,2]CLK (external timer clock), where “1” is 
used to indicate TIM1 and “2” is used to indicate TIM2. The full names of 
the TIM I/O pins are listed in Table 11-1. The generic pin names appear 
in the text that follows.

NOTE: References to either timer 1 or timer 2 may be made in the following text 
by omitting the timer number. For example, TCH0 may refer generically 
to T1CH0 and T2CH0, and TCH1 may refer to T1CH1 and T2CH1.

The T1CLK and T2CLK pins are also shared with KBI4 and KBI5 
respectively. To avoid erratic behavior, these two pins should never be 
configured for use as TCLK and KBI inputs simultaneously.

11.5  Functional Description

Figure 11-1 shows the structure of the TIM. The central component of 
the TIM is the 16-bit TIM counter that can operate as a free-running 
counter or a modulo up-counter. The TIM counter provides the timing 
reference for the input capture and output compare functions. The TIM 
counter modulo registers, TMODH:TMODL, control the modulo value of 
the TIM counter. Software can read the TIM counter value at any time 
without affecting the counting sequence.

The two TIM channels (per timer) are programmable independently as 
input capture or output compare channels.

Table 11-1. Pin Name Conventions

TIM Generic Pin Names: T[1,2]CH0 T[1,2]CH1 T[1,2]CLK

Full TIM
Pin Names:

TIM1 PTB2/T1CH0 PTB3/T1CH1 PTD4/KBI4/T1CLK

TIM2 PTB4/T2CH0 PTB5/T2CH1 PTD5/KBI5/T2CLK
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Timer Interface Module (TIM)
$0029
Timer 1 Channel 1

Register High
(T1CH1H)

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

Write:

Reset: Indeterminate after reset

$002A
Timer 1 Channel 1

Register Low
(T1CH1L)

Read:
Bit 7 6 5 4 3 2 1 Bit 0

Write:

Reset: Indeterminate after reset

$002B
Timer 2 Status and

Control Register
(T2SC)

Read: TOF
TOIE TSTOP

0 0
PS2 PS1 PS0

Write: 0 TRST

Reset: 0 0 1 0 0 0 0 0

$002C
Timer 2 Counter

Register High
(T2CNTH)

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

Write:

Reset: 0 0 0 0 0 0 0 0

$002D
Timer 2 Counter

Register Low
(T2CNTL)

Read: Bit 7 6 5 4 3 2 1 Bit 0

Write:

Reset: 0 0 0 0 0 0 0 0

$002E
Timer 2 Counter Modulo

Register High
(T2MODH)

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

Write:

Reset: 1 1 1 1 1 1 1 1

$002F
Timer 2 Counter Modulo

Register Low
(T2MODL)

Read:
Bit 7 6 5 4 3 2 1 Bit 0

Write:

Reset: 1 1 1 1 1 1 1 1

$0030
Timer 2 Channel 0 Status

and Control Register
(T2SC0)

Read: CH0F
CH0IE MS0B MS0A ELS0B ELS0A TOV0 CH0MAX

Write: 0

Reset: 0 0 0 0 0 0 0 0

$0031
Timer 2 Channel 0

Register High
(T2CH0H)

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

Write:

Reset: Indeterminate after reset

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

= Unimplemented

Figure 11-2. TIM I/O Register Summary (Sheet 2 of 3)
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Serial Peripheral Interface Module (SPI)
14.12  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 SIM break flag control register (SBFCR) enables software to clear 
status bits during the break state. (See Section 9. System Integration 
Module (SIM).)

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

To protect status bits during the break state, write a logic 0 to the BCFE 
bit. With BCFE at logic 0 (its default state), software can read and write 
I/O registers during the break state without affecting status bits. Some 
status bits have a 2-step read/write clearing procedure. If software does 
the first step on such a bit before the break, the bit cannot change during 
the break state as long as BCFE is at logic 0. After the break, doing the 
second step clears the status bit.

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

14.13  I/O Signals

The SPI module has five I/O pins and shares four of them with a parallel 
I/O port. They are:

• MISO — Data received

• MOSI — Data transmitted

• SPSCK — Serial clock

• SS — Slave select

• CGND — Clock ground (internally connected to VSS)
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Multi-Master IIC Interface (MMIIC)
Programming Considerations

 

Figure 15-8. Data Transfer Sequences for Master/Slave Transmit/Receive Modes

START Address ACK TX Data1

MMTXBE=0
MMRW=0
MMAST=1

MMTXIF=1
MMTXBE=1 MMNAKIF=1

MMAST=0
MMTXBE=1

(a) Master Transmit Mode

(b) Master Receive Mode

(c) Slave Transmit Mode

MMTXIF=1
MMTXBE=0

ACK TX DataN ACK STOP

MMTXIF=1
MMTXBE=1

START Address ACK RX Data1

MMRXBF=0

MMAST=1
MMTXBE=0

MMRXBF=1
MMRXIF=1

MMNAKIF=1
MMAST=0MMRXIF=1

MMRXBF=1

ACK RX DataN NAK STOP

1START Address ACK TX Data1

MMTXBE=1
MMRXBF=0

MMNAKIF=1
MMTXBE=0

MMTXBE=1

(d) Slave Receive Mode

MMTXIF=1

ACK TX DataN NAK STOP

MMRXBF=1
MMRXIF=1

MMATCH=1
MMSRW=1

MMTXIF=1
MMTXBE=1

0START Address ACK RX Data1

MMRXBF=1
MMRXIF=1 MMRXIF=1

MMRXBF=1

ACK RX DataN ACK STOP

MMTXBE=0
MMRXBF=0 MMRXBF=1

MMRXIF=1

MMATCH=1
MMSRW=0

Data1 → MMDRR DataN → MMDRR

Data1 → MMDTR

Data2 → MMDTR DataN+2 → MMDTR

Data1 → MMDTR
Data2 → MMDTR Data3 → MMDTR DataN+2 → MMDTR

(dummy data → MMDTR)

MMRW=1
Data1 → MMDRR DataN → MMDRR

0

1

Shaded data packets indicate transmissions by the MCU
MC68HC908LJ24/LK24 — Rev. 2.1 Data Sheet

Freescale Semiconductor Multi-Master IIC Interface (MMIIC) 331



Analog-to-Digital Converter (ADC)
I/O Signals

 

16.7.1  ADC Voltage In (VADIN)

VADIN is the input voltage signal from one of the ten channels to the ADC 
module.

16.7.2  ADC Analog Power Pin (VDDA)

The ADC analog portion uses VDDA as its power pin. Connect the VDDA 
pin to the same voltage potential as VDD. External filtering may be 
necessary to ensure clean VDDA for good results.

NOTE: Route VDDA carefully for maximum noise immunity and place bypass 
capacitors as close as possible to the package.

16.7.3  ADC Analog Ground Pin (VSSA)

The ADC analog portion uses VSSA as its ground pin. Connect the VSSA 
pin to the same voltage potential as VSS.

NOTE: On the 64-pin and 80-pin MC68HC908LJ24, VSSA is internally bonded 
to VSS.

16.7.4  ADC Voltage Reference High Pin (VREFH)

VREFH is the power supply for setting the reference voltage VREFH. 
Connect the VREFH pin to the same voltage potential as VDDA. There will 
be a finite current associated with VREFH (see 24.12 5V ADC Electrical 
Characteristics).

NOTE: Route VREFH carefully for maximum noise immunity and place bypass 
capacitors as close as possible to the package.

16.7.5  ADC Voltage Reference Low Pin (VREFL)

VREFL is the lower reference supply for the ADC. Connect the VREFL pin 
to the same voltage potential as VSSA. There will be a finite current 
associated with VREFL(see 24.12 5V ADC Electrical Characteristics).
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Input/Output (I/O) Ports
18.3  Port A

Port A is an 8-bit special function port that shares four of its port pins with 
the analog-to-digital converter (ADC) module and four of its port pins 
with the keyboard interrupt module (KBI).

18.3.1  Port A Data Register (PTA)

The port A data register contains a data latch for each of the eight port A 
pins.

PTA[7:0] — Port A Data Bits

These read/write bits are software programmable. Data direction of 
each port A pin is under the control of the corresponding bit in data 
direction register A. Reset has no effect on port A data.

KBI[3:0] — Keyboard Interrupt Channels 3 to 0

KBI[3:0] are pins used for the keyboard interrupt input. The 
corresponding input, KBI[3:0], can be enabled in the keyboard 
interrupt enable register, KBIER. Port pins used as KBI input will 
override any control from the port I/O logic. See Section 20. 
Keyboard Interrupt Module (KBI).

Address: $0000

Bit 7 6 5 4 3 2 1 Bit 0

Read:
PTA7 PTA6 PTA5 PTA4 PTA3 PTA2 PTA1 PTA0

Write:

Reset: Unaffected by Reset

Alternative Function: ADC3 ADC2  ADC1 ADC0 KBI3 KBI2 KBI1 KBI0

Figure 18-2. Port A Data Register (PTA)
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24.2  Introduction

This section contains electrical and timing specifications.
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