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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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MCU Block Diagram
Features of the CPU08 include the following:
• Enhanced HC05 programming model
• Extensive loop control functions
• 16 addressing modes (eight more than the HC05)
• 16-bit index register and stack pointer
• Memory-to-memory data transfers
• Fast 8 × 8 multiply instruction
• Fast 16/8 divide instruction
• Binary-coded decimal (BCD) instructions
• Optimization for controller applications
• Efficient C language support

1.3  MCU Block Diagram

Figure 1-1 shows the structure of the MC68HLC908QY4. 

1.4  Pin Assignments

The MC68HLC908QT4, MC68HLC908QT2, and MC68HLC908QT1 are available in 8-pin packages and 
the MC68HLC908QY4, MC68HLC908QY2, and MC68HLC908QY1 in 16-pin packages. Figure 1-2 
shows the pin assignment for these packages.
MC68HLC908QY/QT Family Data Sheet, Rev. 3
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Analog-to-Digital Converter (ADC)
CH[4:0] — ADC Channel Select Bits
CH4, CH3, CH2, CH1, and CH0 form a 5-bit field which is used to select one of the four ADC channels. 
The five select bits are detailed in Table 3-1. Care should be taken when using a port pin as both an 
analog and a digital input simultaneously to prevent switching noise from corrupting the analog signal.
The ADC subsystem is turned off when the channel select bits are all set to 1. This feature allows for 
reduced power consumption for the MCU when the ADC is not used. Reset sets all of these bits to a 1.

NOTE
Recovery from the disabled state requires one conversion cycle to stabilize.

 

3.7.2  ADC Data Register

One 8-bit result register is provided. This register is updated each time an ADC conversion completes.

Table 3-1. MUX Channel Select

CH4 CH3 CH2 CH1 CH0
ADC

Channel
Input Select

0 0 0 0 0 AD0 PTA0

0 0 0 0 1 AD1 PTA1

0 0 0 1 0 AD2 PTA4

0 0 0 1 1 AD3 PTA5

0 0 1 0 0 —

Unused(1)

1. If any unused channels are selected, the resulting ADC conversion will be 
unknown.

↓ ↓ ↓ ↓ ↓ —

1 1 0 1 0 —

1 1 0 1 1 — Reserved

1 1 1 0 0 — Unused

1 1 1 0 1 — VDDA
(2)

2. The voltage levels supplied from internal reference nodes, as specified in the 
table, are used to verify the operation of the ADC converter both in 
production test and for user applications.

1 1 1 1 0 — VSSA
(2)

1 1 1 1 1 — ADC power off

Address: $003E

Bit 7 6 5 4 3 2 1 Bit 0

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

Write:

Reset: Indeterminate after reset

Figure 3-4. ADC Data Register (ADR)
MC68HLC908QY/QT Family Data Sheet, Rev. 3
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Analog-to-Digital Converter (ADC)
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Auto Wakeup Module (AWU)
4.6.2  Keyboard Status and Control Register

The keyboard status and control register (KBSCR):
• Flags keyboard/auto wakeup interrupt requests
• Acknowledges keyboard/auto wakeup interrupt requests
• Masks keyboard/auto wakeup interrupt requests

Bits 7–4 — Not used
These read-only bits always read as 0s.

KEYF — Keyboard Flag Bit
This read-only bit is set when a keyboard interrupt is pending on port A or auto wakeup. Reset clears 
the KEYF bit.

1 = Keyboard/auto wakeup interrupt pending
0 = No keyboard/auto wakeup interrupt pending

ACKK — Keyboard Acknowledge Bit
Writing a 1 to this write-only bit clears the keyboard/auto wakeup interrupt request on port A and auto 
wakeup logic. ACKK always reads as 0. Reset clears ACKK.

IMASKK— Keyboard Interrupt Mask Bit
Writing a 1 to this read/write bit prevents the output of the keyboard interrupt mask from generating 
interrupt requests on port A or auto wakeup. Reset clears the IMASKK bit.

1 = Keyboard/auto wakeup interrupt requests masked
0 = Keyboard/auto wakeup interrupt requests not masked

NOTE
MODEK is not used in conjuction with the auto wakeup feature. To see a 
description of this bit, see 9.7.1 Keyboard Status and Control Register.

Address: $001A

Bit 7 6 5 4 3 2 1 Bit 0

Read: 0 0 0 0 KEYF 0
IMASKK MODEK

Write: ACKK

Reset: 0 0 0 0 0 0 0 0

= Unimplemented

Figure 4-3. Keyboard Status and Control Register (KBSCR)
MC68HLC908QY/QT Family 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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1
LSLX

1 INH

4
LSL

2 IX1

5
LSL

3 SP1

3
LSL

1 IX

2
PULX

1 INH

1
CLC

1 INH

2
EOR

2 IMM

3
EOR

2 DIR

4
EOR

3 EXT

9
5

BRCLR4
3 DIR

4
BCLR4

2 DIR

3
BHCS

2 REL

4
ROL

2 DIR

1
ROLA

1 INH

1
ROLX

1 INH

4
ROL

2 IX1

5
ROL

3 SP1

3
ROL

1 IX

2
PSHX

1 INH

1
SEC

1 INH

2
ADC

2 IMM

3
ADC

2 DIR

4
ADC

3 EXT

A
5

BRSET5
3 DIR

4
BSET5

2 DIR

3
BPL

2 REL

4
DEC

2 DIR

1
DECA

1 INH

1
DECX

1 INH

4
DEC

2 IX1

5
DEC

3 SP1

3
DEC

1 IX

2
PULH

1 INH

2
CLI

1 INH

2
ORA

2 IMM

3
ORA

2 DIR

4
ORA

3 EXT

B
5

BRCLR5
3 DIR

4
BCLR5

2 DIR

3
BMI

2 REL

5
DBNZ

3 DIR

3
DBNZA
2 INH

3
DBNZX
2 INH

5
DBNZ

3 IX1

6
DBNZ

4 SP1

4
DBNZ

2 IX

2
PSHH

1 INH

2
SEI

1 INH

2
ADD

2 IMM

3
ADD

2 DIR

4
ADD

3 EXT

C
5

BRSET6
3 DIR

4
BSET6

2 DIR

3
BMC

2 REL

4
INC

2 DIR

1
INCA

1 INH

1
INCX

1 INH

4
INC

2 IX1

5
INC

3 SP1

3
INC

1 IX

1
CLRH

1 INH

1
RSP

1 INH

2
JMP

2 DIR

3
JMP

3 EXT

D
5

BRCLR6
3 DIR

4
BCLR6

2 DIR

3
BMS

2 REL

3
TST

2 DIR

1
TSTA

1 INH

1
TSTX

1 INH

3
TST

2 IX1

4
TST

3 SP1

2
TST

1 IX

1
NOP

1 INH

4
BSR

2 REL

4
JSR

2 DIR

5
JSR

3 EXT

E
5

BRSET7
3 DIR

4
BSET7

2 DIR

3
BIL

2 REL

5
MOV

3 DD

4
MOV

2 DIX+

4
MOV

3 IMD

4
MOV

2 IX+D

1
STOP

1 INH *
2

LDX
2 IMM

3
LDX

2 DIR

4
LDX

3 EXT

F
5

BRCLR7
3 DIR

4
BCLR7

2 DIR

3
BIH

2 REL

3
CLR

2 DIR

1
CLRA

1 INH

1
CLRX

1 INH

3
CLR

2 IX1

4
CLR

3 SP1

2
CLR

1 IX

1
WAIT

1 INH

1
TXA

1 INH

2
AIX

2 IMM

3
STX

2 DIR

4
STX

3 EXT

INH Inherent REL Relative SP1 Stack Pointer, 8-Bit Offset
IMM Immediate IX Indexed, No Offset SP2 Stack Pointer, 16-Bit Offset
DIR Direct IX1 Indexed, 8-Bit Offset IX+ Indexed, No Offset with 
EXT Extended IX2 Indexed, 16-Bit Offset Post Increment
DD Direct-Direct IMD Immediate-Direct IX1+ Indexed, 1-Byte Offset with 
IX+D Indexed-Direct DIX+ Direct-Indexed Post Increment
*Pre-byte for stack pointer indexed instructions

0

Low Byte of Opcode in Hexadecimal 0
5

BRSET0
3 DIR

MSB

LSB

MSB

LSB



External Interrupt (IRQ)
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Functional Description
Figure 9-2. Keyboard Interrupt Block Diagram

If the MODEK bit is set, the keyboard interrupt inputs are both falling edge and low-level sensitive, and 
both of the following actions must occur to clear a keyboard interrupt request:

• Vector fetch or software clear — A vector fetch generates an interrupt acknowledge signal to clear 
the interrupt request. Software may generate the interrupt acknowledge signal by writing a 1 to the 
ACKK bit in the keyboard status and control register (KBSCR). The ACKK bit is useful in 
applications that poll the keyboard interrupt inputs and require software to clear the keyboard 
interrupt request. Writing to the ACKK bit 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. A falling edge that occurs after writing to the ACKK bit latches 
another interrupt request. If the keyboard interrupt mask bit, IMASKK, is clear, the central 
processor unit (CPU) loads the program counter with the vector address at locations $FFE0 and 
$FFE1.

• Return of all enabled keyboard interrupt inputs to logic 1 — As long as any enabled keyboard 
interrupt pin is at logic 0, the keyboard interrupt remains set. The auto wakeup interrupt input, 
AWUIREQ, will be cleared only by writing to ACKK bit in KBSCR or reset.

The vector fetch or software clear and the return of all enabled keyboard interrupt pins to logic 1 may occur 
in any order.

If the MODEK bit is clear, the keyboard interrupt pin is falling-edge sensitive only. With MODEK clear, a 
vector fetch or software clear immediately clears the keyboard interrupt request.

Reset clears the keyboard interrupt request and the MODEK bit, clearing the interrupt request even if a 
keyboard interrupt input stays at logic 0.

The keyboard flag bit (KEYF) in the keyboard status and control register can be used to see if a pending 
interrupt exists. The KEYF bit is not affected by the keyboard interrupt mask bit (IMASKK) which makes 
it useful in applications where polling is preferred.

KBIE0

KBIE5

.

.

.

D Q

CK

CLR

VDD

MODEK

IMASKKKEYBOARD
INTERRUPT FF

VECTOR FETCH
DECODER

ACKK

INTERNAL BUS

RESET

KBI5

KBI0

SYNCHRONIZER

KEYF

KEYBOARD
INTERRUPT
REQUEST

TO PULLUP ENABLE

AWUIREQ(1)

TO PULLUP ENABLE

1. For AWUGEN logic refer to Figure 4-1. Auto Wakeup Interrupt
Request Generation Logic.
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Low-Voltage Inhibit (LVI)
The LVI is enabled out of reset. The LVI module contains a bandgap reference circuit and comparator. 
Clearing the LVI power disable bit (LVIPWRD) enables the LVI to monitor VDD voltage. Clearing the LVI 
reset disable bit (LVIRSTD) enables the LVI module to generate a reset when VDD falls below a voltage, 
VTRIPF or VDTRIPF. Setting the LVI enable in stop mode bit (LVISTOP) enables the LVI to operate in stop 
mode. Setting the LVD or LVR trip point bit (LVDLVR) selects the LVD trip point voltage. The actual trip 
thresholds are specified in 16.5 DC Electrical Characteristics. Either trip level can be used as a detect or 
reset.

NOTE
After a power-on reset, the LVI’s default mode of operation is LVR trip 
voltage. If a higher trip voltage is desired, the user must set the LVDLVR bit 
to raise the trip point to the LVD voltage.

If the user requires the higher trip voltage and sets the LVDLVR bit after 
power-on reset while the VDD supply is not above the VTRIPR for LVD 
mode, the microcontroller unit (MCU) will immediately go into reset. The 
next time the LVI releases the reset, the supply will be above the VTRIPR for 
LVD mode.

Once an LVI reset occurs, the MCU remains in reset until VDD rises above a voltage, VTRIPR, which 
causes the MCU to exit reset. See Chapter 13 System Integration Module (SIM) for the reset recovery 
sequence. 

The output of the comparator controls the state of the LVIOUT flag in the LVI status register (LVISR) and 
can be used for polling LVI operation when the LVI reset is disabled.

10.3.1  Polled LVI Operation

In applications that can operate at VDD levels below the VTRIPF level, software can monitor VDD by polling 
the LVIOUT bit. In the configuration register, the LVIPWRD bit must be cleared to enable the LVI module, 
and the LVIRSTD bit must be set to disable LVI resets.

10.3.2  Forced Reset Operation

In applications that require VDD to remain above the VTRIPF level, enabling LVI resets allows the LVI 
module to reset the MCU when VDD falls below the VTRIPF level. In the configuration register, the 
LVIPWRD and LVIRSTD bits must be cleared to enable the LVI module and to enable LVI resets. 

10.3.3  Voltage Hysteresis Protection

Once the LVI has triggered (by having VDD fall below VTRIPF), the LVI will maintain a reset condition until 
VDD rises above the rising trip point voltage, VTRIPR. This prevents a condition in which the MCU is 
continually entering and exiting reset if VDD is approximately equal to VTRIPF. VTRIPR is greater than 
VTRIPF by the hysteresis voltage, VHYS.

10.3.4  LVI Trip Selection

The LVDLVR bit in the configuration register selects whether the LVI is configured for LVD (low voltage 
detect) or LVR (low voltage reset) protection. The LVD trip voltage can be used as a low voltage warning. 
The LVR trip voltage will commonly be configured as a reset condition since it is very close to the minimum 
operating voltage of the device. The LVDLVR bit can be written to anytime so that battery applications 
can make use of the LVI as both a warning indicator and to generate a system reset.
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Chapter 11 
Oscillator Module (OSC)

11.1  Introduction

The oscillator module is used to provide a stable clock source for the microcontroller system and bus. The 
oscillator module generates two output clocks, BUSCLKX2 and BUSCLKX4. The BUSCLKX4 clock is 
used by the system integration module (SIM) and the computer operating properly module (COP). The 
BUSCLKX2 clock is divided by two in the SIM to be used as the bus clock for the microcontroller. 
Therefore the bus frequency will be one forth of the BUSCLKX4 frequency.

11.2  Features

The oscillator has these four clock source options available:
1. Internal oscillator: An internally generated, fixed frequency clock, trimmable to ±5%. This is the 

default option out of reset.
2. External oscillator: An external clock that can be driven directly into OSC1.
3. External RC: A built-in oscillator module (RC oscillator) that requires an external R connection only. 

The capacitor is internal to the chip.
4. External crystal: A built-in oscillator module (XTAL oscillator) that requires an external crystal or 

ceramic-resonator. 

11.3  Functional Description

The oscillator contains these major subsystems:
• Internal oscillator circuit
• Internal or external clock switch control
• External clock circuit
• External crystal circuit
• External RC clock circuit

11.3.1  Internal Oscillator 

The internal oscillator circuit is designed for use with no external components to provide a clock source 
with tolerance less than ±25% untrimmed. An 8-bit trimming register allows adjustment to a tolerance of 
less than ±5%.

The internal oscillator will generate a clock of 4.0 MHz typical (INTCLK) resulting in a bus speed (internal 
clock ÷ 4) of 1.0 MHz. 

Figure 11-3 shows how BUSCLKX4 is derived from INTCLK and, like the RC oscillator, OSC2 can output 
BUSCLKX4 by setting OSC2EN in PTAPUE register. See Chapter 12 Input/Output Ports (PORTS).
MC68HLC908QY/QT Family Data Sheet, Rev. 3

Freescale Semiconductor 89



Input/Output Ports (PORTS)
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 pull 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

 Table 12-1 summarizes the operation of the port A pins.

12.3  Port B

Port B is an 8-bit general purpose I/O port. Port B is only available on the MC68HLC908QY1, 
MC68HLC908QY2, and MC68HLC908QY4.

12.3.1  Port B Data Register

The port B data register (PTB) contains a data latch for each of the eight port B pins.

PTB[7:0] — Port B Data Bits
These read/write bits are software programmable. Data direction of each port B pin is under the control 
of the corresponding bit in data direction register B. Reset has no effect on port B data. 

Table 12-1. Port A Pin Functions

PTAPUE
Bit

DDRA
Bit

PTA
Bit

I/O Pin
Mode

Accesses to DDRA Accesses to PTA

Read/Write Read Write

1 0 X(1)

1.  X = don’t care

Input, VDD
(2)

2.  I/O pin pulled to VDD by internal pullup.

DDRA5–DDRA0 Pin PTA5–PTA0(3)

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

0 0 X Input, Hi-Z(4)

4.  Hi-Z = high impedance

DDRA5–DDRA0 Pin PTA5–PTA0(3)

X 1 X Output DDRA5–DDRA0 PTA5–PTA0 PTA5–PTA0(5)

5. Output does not apply to PTA2

Address: $0001

Bit 7 6 5 4 3 2 1 Bit 0

Read:
PTB7 PTB6 PTB5 PTB4 PTB3 PTB2 PTB1 PTB0

Write:

Reset: Unaffected by reset

Figure 12-5. Port B Data Register (PTB)
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Timer Interface Module (TIM)
Figure 14-1. Block Diagram Highlighting TIM Block and Pins

PTA0/AD0/TCH0/KBI0
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D
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A
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MC68HLC908QY4 AND MC68HLC908QT4
4096 BYTES
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1536 BYTES
USER FLASH

POWER SUPPLY
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RST, IRQ: Pins have internal (about 30K Ohms) pull up
PTA[0:5]: High current sink and source capability
PTA[0:5]: Pins have programmable keyboard interrupt and pull up
PTB[0:7]: Not available on 8-pin devices – MC68HLC908QT1, MC68HLC908QT2, and MC68HLC908QT4 (see note in 
12.1 Introduction)
ADC: Not available on the MC68HLC908QY1 and MC68HC9L08QT1
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Functional Description
14.4  Functional Description

Figure 14-2 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 are programmable independently as input capture or output compare channels.

 

Figure 14-2. TIM Block Diagram
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Typical 3.0-V Output Drive Characteristics
16.7  Typical 3.0-V Output Drive Characteristics

Figure 16-2. Typical 3-Volt Output High Voltage
versus Output High Current (25°C) 

Figure 16-3. Typical 3-Volt Output Low Voltage
versus Output Low Current (25°C)
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Electrical Specifications
16.11  Timer Interface Module Characteristics

 

Figure 16-8. Timer Input Timing

Characteristic Symbol Min Max Unit

Timer input capture pulse width tTH, tTL 2 — tcyc

Timer input capture period tTLTL Note(1)

1. The minimum period is the number of cycles it takes to execute the interrupt service routine plus 1 tcyc.

— tcyc

Timer input clock pulse width tTCL, tTCH tcyc + 5 — ns

INPUT CAPTURE
RISING EDGE

INPUT CAPTURE
FALLING EDGE

INPUT CAPTURE
BOTH EDGES

tTH

tTL

tTLTL

tTLTL
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tTLtTH
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