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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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Pin Functions
Figure 1-4. Crystal Connections with 
Oscillator Internal Resistor Mask Option

Figure 1-5. Crystal Connections without 
Oscillator Internal Resistor Mask Option

1.4.2.2  Ceramic Resonator Oscillator

To reduce cost, use a ceramic resonator instead of the crystal. The circuits shown in Figure 1-6 and 
Figure 1-7 show ceramic resonator circuits. Follow the resonator manufacturer’s recommendations, as 
the resonator parameters determine the external component values required for maximum stability and 
reliable starting. The load capacitance values used in the oscillator circuit design should include all stray 
capacitances.

Mount the resonator and components as close as possible to the pins for startup stabilization and to 
minimize output distortion. An internal startup resistor of approximately 2 MΩ is provided between OSC1 
and OSC2 as a programmable mask option.
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Central Processor Unit (CPU)
BIT #opr
BIT opr
BIT opr
BIT opr,X
BIT opr,X
BIT ,X

Bit Test Accumulator with Memory Byte (A) ∧ (M) — — —

IMM
DIR
EXT
IX2
IX1
IX

A5
B5
C5
D5
E5
F5

ii
dd

hh ll
ee ff

ff

2
3
4
5
4
3

BLO rel Branch if Lower (Same as BCS) PC ← (PC) + 2 + rel ? C = 1 — — — — — REL 25 rr 3

BLS rel Branch if Lower or Same PC ← (PC) + 2 + rel ? C ∨ Z = 1 — — — — — REL 23 rr 3

BMC rel Branch if Interrupt Mask Clear PC ← (PC) + 2 + rel ? I = 0 — — — — — REL 2C rr 3

BMI rel Branch if Minus PC ← (PC) + 2 + rel ? N = 1 — — — — — REL 2B rr 3

BMS rel Branch if Interrupt Mask Set PC ← (PC) + 2 + rel ? I = 1 — — — — — REL 2D rr 3

BNE rel Branch if Not Equal PC ← (PC) + 2 + rel ? Z = 0 — — — — — REL 26 rr 3

BPL rel Branch if Plus PC ← (PC) + 2 + rel ? N = 0 — — — — — REL 2A rr 3

BRA rel Branch Always PC ← (PC) + 2 + rel ? 1 = 1 — — — — — REL 20 rr 3

BRCLR n opr rel Branch if Bit n Clear PC ← (PC) + 2 + rel ? Mn = 0 — — — —

DIR (b0)
DIR (b1)
DIR (b2)
DIR (b3)
DIR (b4)
DIR (b5)
DIR (b6)
DIR (b7)

01
03
05
07
09
0B
0D
0F

dd rr
dd rr
dd rr
dd rr
dd rr
dd rr
dd rr
dd rr

5
5
5
5
5
5
5
5

BRN rel Branch Never PC ← (PC) + 2 + rel ? 1 = 0 — — — — — REL 21 rr 3

BRSET n opr rel Branch if Bit n Set PC ← (PC) + 2 + rel ? Mn = 1 — — — —

DIR (b0)
DIR (b1)
DIR (b2)
DIR (b3)
DIR (b4)
DIR (b5)
DIR (b6)
DIR (b7)

00
02
04
06
08
0A
0C
0E

dd rr
dd rr
dd rr
dd rr
dd rr
dd rr
dd rr
dd rr

5
5
5
5
5
5
5
5

BSET n opr Set Bit n Mn ← 1 — — — — —

DIR (b0)
DIR (b1)
DIR (b2)
DIR (b3)
DIR (b4)
DIR (b5)
DIR (b6)
DIR (b7)

10
12
14
16
18
1A
1C
1E

dd
dd
dd
dd
dd
dd
dd
dd

5
5
5
5
5
5
5
5

BSR rel Branch to Subroutine

PC ← (PC) + 2; push (PCL)
SP ← (SP) – 1; push (PCH)

SP ← (SP) – 1
PC ← (PC) + rel

— — — — — REL AD rr 6

CLC Clear Carry Bit C ← 0 — — — — 0 INH 98 2

CLI Clear Interrupt Mask I ← 0 — 0 — — — INH 9A 2

Table 4-6. Instruction Set Summary (Sheet 2 of 6)
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External Interrupt Module (IRQ)
Figure 5-1. IRQ Module Block Diagram

If edge-sensitive-only triggering is selected, a falling edge on the IRQ/VPP pin latches an external interrupt 
request. A subsequent external interrupt request can be latched only after the voltage level on the 
IRQ/VPP pin returns to logic 1 and then falls again to logic 0.

The IRQ/VPP pin contains an internal Schmitt trigger as part of its input to improve noise immunity. The 
voltage on this pin can affect the mode of operation and should not exceed VDD.

5.3.2  Optional External Interrupts

The inputs for the lower four bits of port A (PA0–PA3) can be connected to the IRQ pin input of the CPU 
if enabled by the PIRQ bit in the mask option register. This capability allows keyboard scan applications 
where the transitions or levels on the I/O pins will behave the same as the IRQ/VPP pin except for the 
inverted phase (logic 1, rising edge). The active state of the IRQ/VPP pin is a logic 0 (falling edge). 

The PA0–PA3 pins are selected as a group to function as IRQ interrupts and are enabled by the IRQE bit 
in the IRQ status and control register. The PA0–PA3 pins can be positive-edge triggered only or 
positive-edge and high-level triggered.

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

$000A
IRQ Status and Control

Register (ISCR)
See page 54.

Read:
IRQE

0 0 0 IRQF 0 0 0

Write: R IRQR

Reset: 1 0 0 0 0 0 0 0

= Unimplemented R  = Reserved

Figure 5-2. IRQ Module I/O Register Summary
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External Interrupt Module (IRQ)
If edge- and level-sensitive triggering is selected, a rising edge or a high level on a PA0–PA3 pin latches 
an external interrupt request. Edge- and level-sensitive triggering allows the use of multiple wired-OR 
external interrupt sources. As long as any source is holding a PA0–PA3 pin high, an external interrupt 
request is latched, and the CPU continues to execute the interrupt service routine.

If edge-sensitive only triggering is selected, a rising edge on a PA0–PA3 pin latches an external interrupt 
request. A subsequent external interrupt request can be latched only after the voltage level of the previous 
interrupt signal returns to logic 0 and then rises again to logic 1.

NOTE
The BIH and BIL instructions apply only to the level on the IRQ/VPP pin itself 
and not to the output of the logic OR function with the PA0–PA3 pins. The 
state of the individual port A pins can be checked by reading the 
appropriate port A pins as inputs.

Enabled PA0–PA3 pins cause an IRQ interrupt regardless of whether these 
pins are configured as inputs or outputs.

The IRQ pin has an internal Schmitt trigger. The optional external interrupts 
(PA0–PA3) do not have internal Schmitt triggers.

The interrupt mask bit (I) in the condition code register (CCR) disables all 
maskable interrupt requests, including external interrupt requests. 

5.4  IRQ Status and Control Register

The IRQ status and control register (ISCR) controls and monitors operation of the IRQ module. All unused 
bits in the ISCR read as logic 0s. The IRQF bit is cleared and the IRQE bit is set by reset.

 

IRQR — Interrupt Request Reset Bit
This write-only bit clears the external interrupt request flag. 

1 = Clears external interrupt and IRQF bit
0 = No effect on external interrupt and IRQF bit

IRQF — External Interrupt Request Flag
The external interrupt request flag is a clearable, read-only bit that is set when an external interrupt 
request is pending. Reset clears the IRQF bit. 

1 = External interrupt request pending
0 = No external interrupt request pending

IRQE — External Interrupt Request Enable Bit
This read/write bit enables external interrupts. Reset sets the IRQE bit. 

1 = External interrupt requests enabled 
0 = External interrupt requests disabled

Address: $000A

Bit 7 6 5 4 3 2 1 Bit 0

Read:
IRQE

0 0 0 IRQF 0 0 0

Write: R IRQR

Reset: 1 0 0 0 0 0 0 0

= Unimplemented R  = Reserved

Figure 5-4. IRQ Status and Control Register (ISCR)
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External Interrupt Module (IRQ)
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Low-Power Modes
6.3  Effects of Stop and Wait Modes

The STOP and WAIT instructions have the following effects on MCU modules.

6.3.1  Clock Generation

Effects of STOP and WAIT on clock generation are discussed here.

6.3.1.1  STOP

The STOP instruction disables the internal oscillator, stopping the CPU clock and all peripheral clocks.

After exiting stop mode, the CPU clock and all enabled peripheral clocks begin running after the oscillator 
stabilization delay.

NOTE
The oscillator stabilization delay holds the MCU in reset for the first 4064 
internal clock cycles.

6.3.1.2  WAIT

The WAIT instruction disables the CPU clock.

After exiting wait mode, the CPU clock and all enabled peripheral clocks immediately begin running.

6.3.2  CPU

Effects of STOP and WAIT on the CPU are discussed here.

6.3.2.1  STOP

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

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

After exit from stop mode by external interrupt, the I bit remains clear.

After exit from stop mode by reset, the I bit is set.

6.3.2.2  WAIT

The WAIT instruction:
• Clears the interrupt mask (I bit) in the condition code register, enabling interrupts
• Disables the CPU clock

After exit from wait mode by interrupt, the I bit remains clear.

After exit from wait mode by reset, the I bit is set.

6.3.3  COP Watchdog

Effects of STOP and WAIT on the COP watchdog are discussed here.
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Effects of Stop and Wait Modes
6.3.3.1  STOP

The STOP instruction:
• Clears the COP watchdog counter
• Disables the COP watchdog clock 

NOTE
To prevent the STOP instruction from disabling the COP watchdog, 
program the stop-to-wait conversion bit (SWAIT) in the mask option register 
to logic 1.

After exit from stop mode by external interrupt, the COP watchdog counter immediately begins counting 
from $0000 and continues counting throughout the oscillator stabilization delay.

NOTE
Immediately after exiting stop mode by external interrupt, service the COP 
to ensure a full COP timeout period.

After exit from stop mode by reset:
• The COP watchdog counter immediately begins counting from $0000.
• The COP watchdog counter is cleared at the end of the oscillator stabilization delay and begins 

counting from $0000 again.

6.3.3.2  WAIT

The WAIT instruction has no effect on the COP watchdog.

NOTE
To prevent a COP timeout during wait mode, exit wait mode periodically to 
service the COP.

6.3.4  Timer

Effects of STOP and WAIT on the timer are discussed here.

6.3.4.1  STOP

The STOP instruction:
• Clears the RTIE, TOFE, RTIF, and TOF bits in the timer status and control register, disabling timer 

interrupt requests and removing any pending timer interrupt requests
• Disables the clock to the timer

After exiting stop mode by external interrupt, the timer immediately resumes counting from the last value 
before the STOP instruction and continues counting throughout the oscillator stabilization delay.

After exiting stop mode by reset and after the oscillator stabilization delay, the timer resumes operation 
from its reset state.

6.3.4.2  WAIT

The WAIT instruction has no effect on the timer.

6.3.5  EPROM/OTPROM

Effects of STOP and WAIT on the EPROM/OTPROM are discussed here.
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Timing
Figure 6-2. STOP/HALT/WAIT Flowchart
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Port A
Figure 7-4. Port A I/O Circuitry

Writing a logic 1 to a DDRA bit enables the output buffer for the corresponding port A pin; a logic 0 
disables the output buffer.

When bit DDRAx is a logic 1, reading address $0000 reads the PAx data latch. When bit DDRAx is a logic 
0, reading address $0000 reads the voltage level on the pin. The data latch can always be written, 
regardless of the state of its data direction bit. Table 7-1 summarizes the operation of the port A pins.

7.2.3  Pulldown Register A

Pulldown register A inhibits the pulldown devices on port A pins programmed as inputs.

NOTE
If the SWPDI bit in the mask option register is programmed to logic 1, reset 
initializes all port A pins as inputs with disabled pulldown devices.

PDIA[7:0] — Pulldown Inhibit A Bits
PDIA[7:0] disable the port A pulldown devices. Reset clears PDIA[7:0].

1 = Corresponding port A pulldown device disabled
0 = Corresponding port A pulldown device not disabled

Table 7-1. Port A Pin Operation

Data Direction Bit I/O Pin Mode
Accesses to Data Bit

Read Write

0 Input, high-impedance Pin Latch(1)

1. Writing affects the data register but does not affect input.

1 Output Latch Latch

Address: $0010

Bit 7 6 5 4 3 2 1 Bit 0

Read:

Write: PDIA7 PDIA6 PDIA5 PDIA4 PDIA3 PDIA2 PDIA1 PDIA0

Reset: 0 0 0 0 0 0 0 0

= Unimplemented

Figure 7-5. Pulldown Register A (PDRA)
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I/O Port Electrical Characteristics
7.4  I/O Port Electrical Characteristics
Table 7-3. I/O Port DC Electrical Characteristics (VDD = 5.0 V)(1)

1. VDD = 5.0 Vdc ± 10%, VSS = 0 Vdc, TA = –40°C to +85°C, unless otherwise noted. 

Characteristic Symbol Min Typ(2)

2. Typical values reflect average measurements at midpoint of voltage range, 25°C. 

Max Unit

Current Drain Per Pin I — — 25 mA

Output High Voltage
(ILoad = –2.5 mA) PA4–PA7
(ILoad = –5.5 mA) PB2–PB3, PA0–PA3

VOH VDD –0.8
VDD –0.8

—
—

—
—

V

Output Low Voltage
(ILoad = 10.0 mA) PA0–PA7, PB2–PB3

VOL — — 0.8 V

Input High Voltage
PA0–PA7, PB2–PB3

VIH 0.7 x VDD —
VDD V

Input Low Voltage
PA0–PA7, PB2–PB3

VIL VSS —
0.2 x VDD V

I/O Ports Hi-Z Leakage Current
PA0–PA7, PB2–PB3 (Without Individual 
Pulldown Activated)

IIL — 0.2 ±1 µA

Input Pulldown Current
PA0–PA7, PB2–PB3 (With Individual 
Pulldown Activated)

IIL 35 80 200 µA

Table 7-4. I/O Port DC Electrical Characteristics (VDD = 3.3 V)(1)

1. VDD = 3.3 Vdc ± 10%, VSS= 0 Vdc, TA = –40°C to +85°C, unless otherwise noted. 

Characteristic Symbol Min Typ(2)

2. Typical values reflect average measurements at midpoint of voltage range, 25°C. 

Max Unit

Current Drain Per Pin I — — 25 mA

Output High Voltage
(ILoad = –0.8 mA) PA4–PA7
(ILoad = –1.5 mA) PA0–PA3, PB2–PB3

VOH VDD –0.3
VDD –0.3

—
—

—
—

V

Output Low Voltage
(ILoad = 5.0 mA) PA4–PA7
(ILoad = 3.5 mA) PA0–PA3, PB2–PB3

VOL —
—

—
—

0.5
0.5

V

Input High Voltage
PA0–PA7, PB2–PB3

VIH 0.7 x VDD — VDD V

Input Low Voltage
PA0–PA7, PB2–PB3

VIL VSS — 0.2 x VDD V

I/O Ports Hi-Z Leakage Current
PA0–PA7, PB2–PB3 (Without Individual Pulldown 
Activated)

IIL — 0.1 ±1 µA

Input Pulldown Current
PA0–PA7, PB2–PB3 (With Individual Pulldown Activated)

IIL 12 30 100 µA
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I/O Registers
9.5  I/O Registers

The following registers control and monitor the timer operation:
• Timer status and control register (TSCR)
• Timer counter register (TCR)

9.5.1  Timer Status and Control Register

The read/write timer status and control register performs the following functions:
• Flags timer interrupts
• Enables timer interrupts
• Resets timer interrupt flags
• Selects real-time interrupt rates

TOF — Timer Overflow Flag
This read-only flag becomes set when the first eight stages of the counter roll over from $FF to $00.  
TOF generates a timer overflow interrupt request if TOIE is also set.  Clear TOF by writing a logic 1 to 
the TOFR bit. Writing to TOF has no effect.  Reset clears TOF.

RTIF — Real-Time Interrupt Flag
This read-only flag becomes set when the selected RTI output becomes active.  RTIF generates a 
real-time interrupt request if RTIE is also set.  Clear RTIF by writing a logic 1 to the RTIFR bit.  Writing 
to RTIF has no effect.  Reset clears RTIF.

TOIE — Timer Overflow Interrupt Enable Bit
This read/write bit enables timer overflow interrupts. Reset clears TOIE.

1 = Timer overflow interrupts enabled
0 = Timer overflow interrupts disabled

RTIE — Real-Time Interrupt Enable Bit
This read/write bit enables real-time interrupts. Reset clears RTIE.

1 = Real-time interrupts enabled
0 = Real-time interrupts disabled

TOFR — Timer Overflow Flag Reset Bit
Writing a logic 1 to this write-only bit clears the TOF bit.  TOFR always reads as logic 0.  Reset clears 
TOFR.

RTIFR — Real-Time Interrupt Flag Reset Bit
Writing a logic 1 to this write-only bit clears the RTIF bit.  RTIFR always reads as logic 0.  Reset clears 
RTIFR.

Address: $0008

Bit 7 6 5 4 3 2 1 Bit 0

Read: TOF RTIF
TOIE RTIE

0 0
RT1 RT0

Write: TOFR RTIFR

Reset: 0 0 0 0 0 0 1 1

= Unimplemented

Figure 9-3. Timer Status and Control Register (TSCR)
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5.0-V DC Electrical Characteristics
10.5  5.0-V DC Electrical Characteristics

Characteristic(1)

1. VDD = 5.0 Vdc ± 10%, VSS = 0 Vdc, TA = –40°C to +85°C, unless otherwise noted.

Symbol Min Typ(2)

2. Typical values at midpoint of voltage range, 25°C only

Max Unit

Output high voltage
(ILoad = –2.5 mA) PA4–PA7
(ILoad = –5.5 mA) PB2–PB3, PA0–PA3

VOH VDD –0.8
VDD –0.8

—
—

—
—

V

Output low voltage(8)

(ILoad = 10.0 mA) PA0–PA7, PB2–PB3
VOL — — 0.8 V

Input high voltage
PA0–PA7, PB2–PB3, IRQ/VPP, RESET, OSC1

VIH 0.7 × VDD — VDD V

Input low voltage
PA0–PA7, PB2–PB3, IRQ/VPP, RESET, OSC1

VIL VSS — 0.2 × VDD V

Supply current (fOP = 2.1 MHz; fOSC = 4.2 MHz)

Run mode(3)

Wait mode(4)

Stop mode(5)

3. Run mode IDD is measured using external square wave clock source; all inputs 0.2 V from rail; no dc loads; less than 50 pF
on all outputs; CL = 20 pF on OSC2.

4. Wait mode IDD: only timer system active. Wait mode is affected linearly by OSC2 capacitance. Wait mode is measured
with all ports configured as inputs; VIL = 0.2 V; VIH = VDD – 0.2 V. Wait mode IDD is measured using external square wave
clock source; all inputs 0.2 V from rail; no dc loads; less than 50 pF on all outputs; CL = 20 pF on OSC2.

5. Stop mode IDD is measured with OSC1 = VSS. Stop mode IDD is measured with all ports configured as inputs; VIL = 0.2 V;
VIH = VDD – 0.2 V. 

IDD
—
—
—

4.0
1.0
0.1

6.0
2.8
5.0

mA
mA
µA

Supply current (fOP = 4.0 MHz; fOSC = 8.0 MHz)

Run mode(3)

Wait mode(4)

Stop mode(5)

IDD
—
—
—

5.2
1.1
0.1

7.0
3.3
5.0

mA
mA
µA

I/O Ports Hi-Z leakage current
PA0–PA7, PB2–PB3 (without individual pulldown activated)

IIL — 0.2 ±1 µA

Input pulldown current
PA0–PA7, PB2–PB3 (with individual pulldown activated)

IIL 35 80 200 µA

Input pullup current
RESET

IIL –15 –35 –85 µA

Input current(6)

RESET, IRQ/VPP, OSC1

6. Only input high current rated to +1 µA on RESET. 

IIn — 0.2 ±1 µA

Capacitance
Ports (As Inputs or Outputs)
RESET, IRQ, OSC1, OSC2

COut

CIn

—
—

—
—

12
8

pF

Crystal/ceramic resonator oscillator mode internal resistor

OSC1 to OSC2(7)

7. The ROSC value selected for RC oscillator versions of this device is unspecified. 
8. Maximum current drain for all I/O pins combined should not exceed 100 mA.

ROSC 1.0 2.0 3.0 MΩ
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Electrical Specifications
10.6  3.3-V DC Electrical Characteristics

Characteristic(1)

1. VDD = 3.3 Vdc ± 10%, VSS = 0 Vdc, TA = –40°C to +85°C, unless otherwise noted.

Symbol Min Typ(2)

2. Typical values at midpoint of voltage range, 25°C only

Max Unit

Output high voltage
(ILoad = –0.8 mA) PA4–PA7
(ILoad = –1.5 mA) PA0–PA3, PB2–PB3

VOH VDD –0.3
VDD –0.3

—
—

—
—

V

Output low voltage
(ILoad = 5.0 mA) PA4–PA7
(ILoad = 3.5 mA) PA0–PA3, PB2–PB3

VOL —
—

—
—

0.5
0.5

V

Input high voltage
PA0–PA7, PB2–PB3, IRQ/VPP, RESET, OSC1

VIH 0.7 × VDD — VDD V

Input low voltage
PA0–PA7, PB2–PB3, IRQ/VPP, RESET, OSC1

VIL VSS — 0.2 × VDD V

Supply current (fOP = 1.0 MHz; fOSC = 2.0 MHz)

Run mode(3)

Wait mode(4)

Stop mode(5)

3. Run mode IDD is measured using external square wave clock source; all inputs 0.2 V from rail; no dc loads; less than 50 pF
on all outputs; CL = 20 pF on OSC2.

4. Wait mode IDD: only timer system active. Wait mode is affected linearly by OSC2 capacitance. Wait mode is measured
with all ports configured as inputs; VIL = 0.2 V; VIH = VDD – 0.2 V. Wait mode IDD is measured using external square wave
clock source; all inputs 0.2 V from rail; no dc loads; less than 50 pF on all outputs; CL = 20 pF on OSC2.

5. Stop mode IDD is measured with OSC1 = VSS. Stop mode IDD is measured with all ports configured as inputs; VIL = 0.2 V;
VIH = VDD – 0.2 V. 

IDD
—
—
—

1.2
0.3
0.1

2.5
0.8
5.0

mA
mA
µA

Supply current (fOP = 2.1 MHz; fOSC = 4.2 MHz)

Run mode(3)

Wait mode(4)

Stop mode(5)

IDD
—
—
—

1.4
0.3
0.1

3.0
1.0
5.0

mA
mA
µA

I/O ports hi-z leakage current
PA0–PA7, PB2–PB3 (without individual pulldown activated)

IIL — 0.1 ±1 µA

Input pulldown current
PA0–PA7, PB2–PB3 (with individual pulldown activated)

IIL 12 30 100 µA

Input pullup current
RESET

IIL –10 –25 –45 µA

Input current(6)

RESET, IRQ/VPP, OSC1

6. Only input high current rated to +1 µA on RESET. 

IIn — 0.1 ±1 µA

Capacitance
Ports (as inputs or outputs)
RESET, IRQ/VPP, OSC1, OSC2

COut
CIn

—
—

—
—

12
8

pF

Crystal/ceramic resonator oscillator mode internal resistor

OSC1 to OSC2(7)

7. The ROSC value selected for RC oscillator versions of this device is unspecified. 

ROSC 1.0 2.0 3.0 MΩ
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Driver Characteristics
10.7  Driver Characteristics

Figure 10-1. PA4–PA7 Typical High-Side Driver Characteristics

Figure 10-2. PA0–PA3 and PB2–PB3 Typical High-Side Driver Characteristics

Notes:
1. At VDD = 5.0 V, devices are specified and tested for (VDD – VOH) ≤ 800 mV @ IOH = –2.5 mA.
2. At VDD = 3.3 V, devices are specified and tested for (VDD – VOH) ≤ 300 mV @ IOH = –0.8 mA.
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Electrical Specifications
10.9  EPROM Programming Characteristics

10.10  Control Timing

Characteristic(1)

1. VDD = 5.0 Vdc ± 10%, VSS = 0 Vdc, TA = –40°C to +85°C, unless otherwise noted. 

Symbol Min Typ Max Unit

Programming voltage
IRQ/VPP

VPP 16.0 16.5 17.0 V

Programming current
IRQ/VPP

IPP —¦ 3.0 10.0 mA

Programming time
Per array byte
MOR

tEPGM

tMPGM

4
4

—
—

—
—

ms

Table 10-2. Control Timing (VDD = 5.0 Vdc)(1)

1. VDD = 5.0 Vdc ± 10%, VSS = 0 Vdc, TA = –40°C to +85°C, unless otherwise noted.

Characteristic Symbol Min Max Unit

Oscillator frequency
Crystal oscillator option
External clock source

fOSC —
dc

8.0
8.0

MHz

Internal operating frequency (fOSC ÷ 2)
Crystal oscillator
External clock

fOP —
dc

4.0
4.0

MHz

Cycle time (1 ÷ fOP) tcyc 250 — ns

RESET pulse width low tRL 1.5 — tcyc

IRQ interrupt pulse width low
(edge-triggered)

tILIH 1.5 — tcyc

IRQ interrupt pulse width low 
(edge- and level-triggered)

tILIL 1.5 Note(2)

2. The maximum width tILIL or tILIH should not be more than the number of cycles it takes to execute the interrupt service
routine plus 19 tcyc or the interrupt service routine will be re-entered.

tcyc

PA0–PA3 Interrupt pulse width high 
(edge-triggered)

tIHIL 1.5 — tcyc

PA0–PA3 interrupt pulse width 
(edge- and level-triggered)

tIHIH 1.5 Note(2) tcyc

OSC1 pulse width tOH, tOL 100 — ns
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Electrical Specifications
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MC68HRC705KJ1
A.5  Typical Internal Operating Frequency Versus Temperature 
(No External Resistor)

Figure A-4. Typical Internal Operating Frequency
versus Temperature (OSCRES Bit = 1)

NOTE
Due to process variations, operating voltages, and temperature 
requirements, the internal resistance and tolerance are unspecified. 
Typically for a given voltage and temperature, the frequency should not 
vary more than ± 500 kHz. However, this data is not guaranteed. It is the 
user’s responsibility to ensure that the resulting internal operating 
frequency meets user’s requirements. 

A.6  Package Types and Order Numbers
Table A-1. MC68HRC705KJ1 (RC Oscillator Option)

Order Numbers(1)

1. Refer to Chapter 11 Ordering Information and Mechanical Specifications for standard part
ordering information.

Package
Type

Case
Outline

Pin
Count

Operating
Temperature

 Order Number

PDIP 648 16 –40 to +85°C MC68HRC705KJ1C(2)P(3)

2. C = extended temperature range
3. P = plastic dual in-line package (PDIP)

SOIC 751G 16 –40 to +85°C MC68HRC705KJ1CDW(4)

4. DW = small outline integrated circuit (SOIC)

Cerdip 620A 16 –40 to +85°C MC68HRC705KJ1CS(5)

5. S = ceramic dual in-line package (Cerdip)

Fr
eq

ue
nc

y 
(M

H
z)

Temperature (°C)

3.00

2.50

2.00

1.50

1.00

0.50

0.00
–50 0 50 100 150

3.0 V

3.6 V

4.5 V

5.0 V

5.5 V
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