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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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Part Number Package Description Original (gold wire) 
package document number

Current (copper wire) 
package document number
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MC9RS08KB12
MC9RS08KB12 Series 

Covers:MC9RS08KB12
MC9RS08KB8
MC9RS08KB4
MC9RS08KB2

16-Pin TSSOP
Case 948F

20-Pin SOIC
Case 751D

16-Pin SOIC N/B
Case 751B

8-Pin SOIC
Case 7518-Pin DFN

Case 1452-02

24-Pin QFN
Case 1982-01
• 8-Bit RS08 Central Processor Unit (CPU)
– Up to 20 MHz CPU at 1.8 V to 5.5 V across temperature 

range of –40 °C to 85 °C
– Subset of HC08 instruction set with added BGND 

instruction
– Single Global interrupt vector

• On-Chip Memory
– Up to 12 KB flash read/program/erase over full 

operating voltage and temperature, 
12 KB/8 KB/4 KB/2 KB flash are optional

– Up to 254-byte random-access memory (RAM), 
254-byte/126-byte RAM are optional

– Security circuitry to prevent unauthorized access to flash 
contents

• Power-Saving Modes
– Wait mode — CPU shuts down; system clocks continue 

to run; full voltage regulation
– Stop mode — CPU shuts down; system clocks are 

stopped; voltage regulator in standby
– Wakeup from power-saving modes using RTI, KBI, 

ADC, ACMP, SCI and LVD
• Clock Source Options 

– Oscillator (XOSC) — Loop-control Pierce oscillator; 
crystal or ceramic resonator range of 31.25 kHz to 
39.0625 kHz or 1 MHz to 16 MHz

– Internal Clock Source (ICS) — Internal clock source 
module containing a frequency-locked-loop (FLL) 
controlled by internal or external reference; precision 
trimming of internal reference allows 0.2% resolution 
and 2% deviation over temperature and voltage; 
supporting bus frequencies up to 10 MHz

• System Protection
– Watchdog computer operating properly (COP) reset 

with option to run from dedicated 1 kHz internal low 
power oscillator

– Low-voltage detection with reset or interrupt
– Illegal opcode detection with reset
– Illegal address detection with reset
– Flash-block protection
© Freescale Semiconductor, Inc., 2008-2012. All rights reserve

This document contains information on a product under developm
right to change or discontinue this product without notice.
• Development Support
– Single-wire background debug interface
– Breakpoint capability to allow single breakpoint setting 

during in-circuit debugging 
• Peripherals

– ADC — 12-channel, 10-bit resolution; 2.5 μs 
conversion time; automatic compare function; 
1.7 mV/°C temperature sensor; internal bandgap 
reference channel; operation in stop; hardware trigger

– ACMP — Analog comparator; full rail-to-rail supply 
operation; option to compare to fixed internal bandgap 
reference voltage; can operate in stop mode

– TPM — One 2-channel timer/pulse-width modulator 
module; selectable input capture, output compare, or 
buffered edge- or center-aligned PWM on each channel

– IIC — Inter-integrated circuit bus module capable of 
operation up to 100 kbps with maximum bus loading; 
capable of higher baud rates with reduced loading

– SCI — One serial communications interface module 
with optional 13-bit break; LIN extensions

– MTIM — Two 8-bit modulo timers; optional clock 
sources

– RTI — One real-time clock with optional clock sources
– KBI — Keyboard interrupts; up to 8 ports

• Input/Output
– 18 GPIOs in 24- and 20-pin packages; 14 GPIOs in 16-pin 

package; 6 GPIOs in 8-pin package; including one 
output-only pin and one input-only pin

– Hysteresis and configurable pullup device on all input 
pins; configurable slew rate and drive strength on all 
output pins

• Package Options
– MC9RS08KB12/MC9RS08KB8/MC9RS08KB4

— 24-pin QFN, 20-pin SOIC, 16-pin SOIC NB or 
TSSOP

– MC9RS08KB2
— 8-pin SOIC or DFN
d.

ent. Freescale reserves the 
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MCU Block Diagram
1 MCU Block Diagram
The block diagram, Figure 1, shows the structure of the MC9RS08KB12 MCU.

Figure 1. MC9RS08KB12 Series Block Diagram

2 Pin Assignments
This section shows the pin assignments in the packages available for the MC9RS08KB12 series.
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Electrical Characteristics
Figure 4. MC9RS08KB12 Series 16-Pin SOIC NB/TSSOP Package

Figure 5. MC9RS08KB12 Series 8-Pin SOIC/DFN Package

3 Electrical Characteristics

3.1 Introduction
This chapter contains electrical and timing specifications for the MC9RS08KB12 series of 
microcontrollers available at the time of publication.

3.2 Parameter Classification
The electrical parameters shown in this supplement are guaranteed by various methods. To give the 
customer a better understanding the following classification is used and the parameters are tagged 
accordingly in the tables where appropriate:

Table 2. Parameter Classifications

P Those parameters are guaranteed during production testing on each individual device.

C
Those parameters are achieved by the design characterization by measuring a statistically relevant 
sample size across process variations.

T
Those parameters are achieved by design characterization on a small sample size from typical devices 
under typical conditions unless otherwise noted. All values shown in the typical column are within this 
category.
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Electrical Characteristics
unusually high pin current (heavy loads), the difference between pin voltage and VSS or VDD will be very 
small.

The average chip-junction temperature (TJ) in °C can be obtained from:

TJ = TA + (PD × θJA) Eqn. 1

where:

TA = Ambient temperature, °C 

θJA = Package thermal resistance, junction-to-ambient, °C /W

PD = Pint + PI/O

Pint = IDD × VDD, Watts chip internal power

PI/O = Power dissipation on input and output pins user determined

For most applications, PI/O << Pint and can be neglected. An approximate relationship between PD and TJ

(if PI/O is neglected) is:

PD = K ÷ (TJ + 273°C) Eqn. 2

Solving Equation 1 and Equation 2 for K gives:

K = PD × (TA + 273°C) + θJA× (PD)2 Eqn. 3

where K is a constant pertaining to the particular part. K can be determined from Equation 3 by measuring 
PD (at equilibrium) for a known TA. Using this value of K, the values of PD and TJ can be obtained by 
solving Equation 1 and Equation 2 iteratively for any value of TA.

3.5 ESD Protection and Latch-Up Immunity
Although damage from electrostatic discharge (ESD) is much less common on these devices than on early 
CMOS circuits, normal handling precautions must be used to avoid exposure to static discharge. 
Qualification tests are performed to ensure that these devices can withstand exposure to reasonable levels 
of static without suffering any permanent damage.

Table 4. Thermal Characteristics

Rating Symbol Value Unit

Operating temperature range (packaged)
TA

TL to TH
–40 to 85

°C

Maximum junction temperature TJMAX 150 °C

Thermal resistance 24-pin QFN θJA 113 °C/W

Thermal resistance 20-pin SOIC θJA 83 °C/W

Thermal resistance 16-pin SOIC NB θJA 103 °C/W

Thermal resistance 16-pin TSSOP θJA 29 °C/W

Thermal resistance 8-pin SOIC θJA 150 °C/W

Thermal resistance 8-pin DFN θJA 110 °C/W
MC9RS08KB12 Series MCU Data Sheet, Rev. 5
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Electrical Characteristics
3.6 DC Characteristics
This section includes information about power supply requirements, I/O pin characteristics, and power 
supply current in various operating modes.

Table 6. ESD and Latch-Up Protection Characteristics

No. Rating1

1 Parameter is achieved by design characterization on a small sample size from typical devices 
under typical conditions unless otherwise noted.

Symbol Min Max Unit

1 Human body model (HBM) VHBM ±2000 — V

2 Charge device model (CDM) VCDM ±500 — V

3 Latch-up current at TA = 85 °C ILAT ±100 — mA

Table 7. DC Characteristics (Temperature Range = –40 to 85°C Ambient)

No. C Parameter Symbol Min Typical Max Unit

1 —
Supply voltage (run, wait and stop modes.)
0 < fBus <10 MHz

VDD 1.8 — 5.5 V

2 C
Minimum RAM retention supply voltage applied to 
VDD

VRAM 0.81 — — V

3 P
Low-voltage detection threshold

(VDD falling)
(VDD rising)

VLVD 1.80
1.88

1.86
1.94

1.95
2.05

V

4 C Power on RESET (POR) voltage VPOR
1 0.9 — 1.7 V

5 C Input high voltage (VDD > 2.3V) (all digital inputs) VIH 0.70 × VDD — — V

6 C
Input high voltage (1.8 V ≤ VDD ≤ 2.3 V) (all digital 
inputs)

VIH 0.85 × VDD — — V

7 C Input low voltage (VDD > 2.3 V) (all digital inputs) VIL — — 0.30 × VDD V

8 C
Input low voltage (1.8 V ≤ VDD ≤ 2.3 V)
(all digital inputs)

VIL — — 0.30 × VDD V

9 C Input hysteresis (all digital inputs) Vhys
1 0.06 × VDD — — V

10 P
Input leakage current (per pin)
VIn = VDD or VSS, all input only pins

|IIn| — 0.025 1.0 μA

11 P
High impedance (off-state) leakage current (per 
pin)
VIn = VDD or VSS, all input/output

|IOZ| — 0.025 1.0 μA

12 P Internal pullup resistors2(all port pins) RPU 20 45 65 kΩ

13 P Internal pulldown resistors2(all port pins) RPD 20 45 65 kΩ

14 C

Output high voltage — Low drive (PTxDSn = 0)
5 V, ILoad = 2 mA
3 V, ILoad = 1 mA
1.8 V, ILoad = 0.5 mA

VOH

VDD – 0.8
—
—
—

—
—
—

V
Output high voltage — High drive (PTxDSn = 1)
5 V, ILoad = 5 mA
3 V, ILoad = 3 mA
1.8 V, ILoad = 2 mA

VDD – 0.8
—
—
—

—
—
—

15 C Maximum total IOH for all port pins |IOHT| — — 40 mA
MC9RS08KB12 Series MCU Data Sheet, Rev. 5
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Electrical Characteristics
Figure 6. Typical VOH vs. IOH
VDD = 5.5 V (High Drive)

16 C

Output low voltage — Low drive (PTxDSn = 0)
5 V, ILoad = 2 mA
3 V, ILoad = 1 mA
1.8 V, ILoad = 0.5 mA

VOL

—
—
—

—
—
—

0.8

V
Output low voltage — High drive (PTxDSn = 1)
5 V, ILoad = 5 mA
3 V, ILoad = 3 mA
1.8 V, ILoad = 2 mA

—
—
—

—
—
—

0.8

17 C Maximum total IOL for all port pins IOLT — — 40 mA

18 C

DC injection current3, 4, 5 ,6

VIn < VSS, VIn > VDD
Single pin limit
Total MCU limit, includes sum of all stressed pins

—
—

—
—

0.2
0.8

mA

19 C Input capacitance (all non-supply pins) CIn — — 7 pF
1 This parameter is characterized and not tested on each device.
2 Measurement condition for pull resistors: VIn = VSS for pullup and VIn = VDD for pulldown.
3 All functional non-supply pins are internally clamped to VSS and VDD except the RESET/VPP which is internally clamped to 

VSS only.
4 Input must be current limited to the value specified. To determine the value of the required current-limiting resistor, calculate 

resistance values for positive and negative clamp voltages, then use the larger of the two values.
5 Input must be current limited to the value specified. To determine the value of the required current-limiting resistor, calculate 

resistance values for positive and negative clamp voltages, then use the larger of the two values.
6 This parameter is characterized and not tested on each device.

Table 7. DC Characteristics (Temperature Range = –40 to 85°C Ambient) (continued)

No. C Parameter Symbol Min Typical Max Unit

VOH vs. IOH (High Drive) at Vdd=5.5V
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Electrical Characteristics
Figure 7. Typical VOH vs. IOH
VDD = 5.5 V (Low Drive)

Figure 8. Typical VOH vs. IOH
VDD = 3.0 V (High Drive)
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Electrical Characteristics
Figure 13. Typical VOL vs. IOL
VDD = 5.5 V (Low Drive)

Figure 14. Typical VOL vs. IOL
VDD = 3.0 V (High Drive)

VOL vs. IOL (Low Drive) at Vdd=5.5V
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Electrical Characteristics
Figure 17. Typical VOL vs. IOL
VDD = 1.8 V (Low Drive)

Figure 18. Typical IOH vs. VDD–VOH
VDD = 5.5 V (High Drive)

VOL vs. IOL (Low Drive) at Vdd=1.8V
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Electrical Characteristics
Figure 21. Typical IOH vs. VDD–VOH
VDD = 3 V (Low Drive)

Figure 22. Typical IOH vs. VDD–VOH
VDD = 1.8 V (High Drive)

IOH vs VDD-VOH (Low Drive) at VDD = 3.0 V
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Electrical Characteristics
Figure 25. Typical IOL vs. VOL
VDD = 5.5 V (Low Drive)

Figure 26. Typical IOL vs. VOL
VDD = 3 V (High Drive)

IOL vs VOL (Low Drive) at VDD = 5.5 V
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Electrical Characteristics
Figure 27. Typical IOL vs. VOL
VDD = 3 V (Low Drive)

Figure 28. Typical IOL vs. VOL
VDD = 1.8 V (High Drive)

IOL vs VOL (Low Drive) at VDD = 3.0 V
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Electrical Characteristics
3.9.1 Control Timing
 

Figure 30. Reset Timing

Figure 31. KBI Pulse Width

Table 10. Control Timing

Num C Parameter Symbol Min Typical Max Unit

1 D Bus frequency (tcyc = 1/fBus) fBus 0 — 10 MHz

2 D Real time interrupt internal oscillator period tRTI 700 1000 1300 μs

3 D External RESET pulse width1

1 This is the shortest pulse guaranteed to pass through the pin input filter circuitry. Shorter pulses may or may not be recognized. 

textrst 150 — — ns

4 D KBI pulse width2

2 This is the minimum pulse width that is guaranteed to pass through the pin synchronization circuitry. Shorter pulses may or 
may not be recognized. In stop mode, the synchronizer is bypassed so shorter pulses can be recognized in that case.

tKBIPW 1.5 tcyc — — ns

5 D KBI pulse width in stop1 tKBIPWS 100 — — ns

6 D
Port rise and fall time (load = 50 pF)3

Slew rate control disabled (PTxSE = 0)
Slew rate control enabled (PTxSE = 1)

3 Timing is shown with respect to 20% VDD and 80% VDD levels. Temperature range –40 °C to 85 °C. 

tRise, tFall —
—

11
35

—
—

ns

textrst

RESET 

tKBIPW

KBI Pin

tKBIPW

KBI Pin

 (rising or high level)

(falling or low level)

tKBIPWS

tKBIPWS
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Electrical Characteristics
3.9.2 TPM/MTIM Module Timing
Synchronizer circuits determine the shortest input pulses that can be recognized or the fastest clock that 
can be used as the optional external source to the timer counter. These synchronizers operate from the 
current bus rate clock.

Figure 32. Timer External Clock

Figure 33. Timer Input Capture Pulse

3.10 Analog Comparator (ACMP) Electrical

Table 11. TPM Input Timing

Num C Rating Symbol Min Max Unit

1 D External clock frequency fTPMext DC fBus/4 MHz

2 D External clock period tTPMext 4 — tcyc

3 D External clock high time tclkh 1.5 — tcyc

4 D External clock low time tclkl 1.5 — tcyc

5 D Input capture pulse width tICPW 1.5 — tcyc

Table 12. Analog Comparator Electrical Specifications

Num C Characteristic Symbol Min Typical Max Unit

1 D Supply voltage VDD 1.80 — 5.5 V
2 P Supply current (active) IDDAC — 20 35 μA
3 D Analog input voltage1 VAIN VSS – 0.3 — VDD V
4 C Analog input offset voltage1 VAIO — 20 40 mV
5 C Analog Comparator hysteresis1 VH 3.0 9.0 15.0 mV
6 C Analog source impedance1 RAS — — 10 kΩ

7 P Analog input leakage current IALKG — — 1.0 μA
8 C Analog Comparator initialization delay tAINIT — — 1.0 μs

tTCLK

tclkh

tclkl

TCLK

tICPW

TPMCHn

tICPW

TPMCHn
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Electrical Characteristics
Figure 34. ADC Input Impedance Equivalency Diagram

ADC 
conversion 
clock Freq.

High speed (ADLPC=0) fADCK 0.4 — 8.0 MHz

Low power (ADLPC=1) 0.4 — 4.0

1 Typical values assume VDDAD = 5.0 V, Temp = 25 °C, fADCK = 1.0 MHz unless otherwise stated. Typical values are 
for reference only and are not tested in production.

Table 15. 10-Bit ADC Characteristics (VREFH = VDDAD, VREFL = VSSAD, 2.7 V < VDDAD < 5.5 V)

C Characteristic Conditions Symb Min Typ1 Max Unit Comment

T Supply Current
ADLPC = 1
ADLSMP = 1
ADCO = 1

IDDAD — 133 — μA

T Supply Current
ADLPC = 1
ADLSMP = 0
ADCO = 1

IDDAD — 218 — μA

T Supply Current
ADLPC = 0
ADLSMP = 1
ADCO = 1

IDDAD — 327 — μA

Table 14. 10-Bit ADC Operating Conditions (continued)

Characteristic Conditions Symb Min Typ1 Max Unit Comment

+
–

+

–
VAS

RAS

CAS

VADIN

ZAS
Pad 
leakage
due to
input 
protection

ZADIN

SIMPLIFIED 
INPUT PIN EQUIVALENT

CIRCUIT

RADIN

ADC SAR
ENGINE

SIMPLIFIED 
CHANNEL SELECT

CIRCUIT

INPUT PIN

RADIN

CADIN

INPUT PIN

RADIN

INPUT PIN

RADIN
MC9RS08KB12 Series MCU Data Sheet, Rev. 5

Freescale Semiconductor30



Electrical Characteristics
C Supply Current
ADLPC = 0
ADLSMP = 0
ADCO = 1

IDDAD — 0.582 1 mA

C ADC 
Asynchronous 
Clock Source

High Speed (ADLPC = 0) fADACK 2 3.3 5 MHz tADACK = 
1/fADACK

Low Power (ADLPC = 1) 1.25 2 3.3

D Conversion 
Time (Including 
sample time)

Short Sample (ADLSMP = 0) tADC — 20 — ADCK 
cycles

See reference 
manual for 
conversion 

time variances

Long Sample (ADLSMP = 1) — 40 —

D
Sample Time Short Sample (ADLSMP = 0) tADS — 3.5 — ADCK 

cycles
Long Sample (ADLSMP = 1) — 23.5 —

C Total 
Unadjusted 
Error

10-bit mode ETUE — ±1.5 ±3.5 LSB2 Includes 
quantization

8-bit mode — ±0.7 ±1.5

T Differential 
Non-Linearity

10-bit mode DNL — ±0.5 ±1.0 LSB2

8-bit mode — ±0.3 ±0.5

Monotonicity and No-Missing-Codes guaranteed

C Integral 
Non-Linearity

10-bit mode INL — ±0.5 ±1.0 LSB2

8-bit mode — ±0.3 ±0.5

P Zero-Scale 
Error

10-bit mode EZS — ±1.5 ±2.5 LSB2 VADIN = VSSA

8-bit mode — ±0.5 ±0.7

P Full-Scale Error 10-bit mode EFS — ±1 ±1.5 LSB2 VADIN = VDDA

8-bit mode — ±0.5 ±0.5

D Quantization 
Error

10-bit mode EQ — — ±0.5 LSB2

8-bit mode — — ±0.5

D Input Leakage 
Error

10-bit mode EIL — ±0.2 ±2.5 LSB2 Pad leakage2 * 
RAS

8-bit mode — ±0.1 ±1

1 Typical values assume VDDAD = 5.0 V, Temp = 25 °C, fADCK = 1.0 MHz unless otherwise stated. Typical values are for reference 
only and are not tested in production.

2 Based on input pad leakage current. Refer to pad electricals.

Table 15. 10-Bit ADC Characteristics (VREFH = VDDAD, VREFL = VSSAD, 2.7 V < VDDAD < 5.5 V)

C Characteristic Conditions Symb Min Typ1 Max Unit Comment
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Ordering Information
4 Ordering Information
This section contains ordering numbers for MC9RS08KB12 series devices. See below for an example of 
the device numbering system.

 

5 Package Information and Mechanical Drawings
Table 18 provides the available package types and their document numbers. The latest package 
outline/mechanical drawings are available on the MC9RS08KB12 Series Product Summary pages at 
http://www.freescale.com. 

To view the latest drawing, either:
• Click on the appropriate link in Table 18, or
• Open a browser to the Freescale® website (http://www.freescale.com), and enter the appropriate 

document number (from Table 18) in the “Enter Keyword” search box at the top of the page.
Table 18. Device Numbering System

Device Number
Memory Package 

Flash RAM Type Designator Document No.

MC9RS08KB12
MC9RS08KB8
MC9RS08KB4

12 KB
8 KB
4 KB

254 bytes
254 bytes
126 bytes

24 QFN FK 98ASA00087D

20 SOIC WB WJ 98ASB42343B

16 SOIC NB SG 98ASB42566B

16 TSSOP TG 98ASH70247A

MC9RS08KB2 2 KB 126 bytes
8 SOIC NB SC 98ASB42564B

8 DFN DC 98ARL10557D

MC

Temperature range 

Family

Memory

Status

Core

(C = –40 °C to 85 °C)(9 = Flash-Based)

9 RS08 KB XX

(MC = Fully qualified) Package designator (See Table 18)

12

Approximate memory size (in KB)

C

(PC = Prototype)
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