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Welcome to E-XFL.COM

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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Electrical Characteristics
Figure 3. MC9RS08KA8 Series in 16-Pin PDIP/SOIC/TSSOP Package

3 Electrical Characteristics

3.1 Introduction
This chapter contains electrical and timing specifications for the MC9RS08KA8 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:

NOTE
The classification is shown in the column labeled “C” in the parameter 
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.

D Those parameters are derived mainly from simulations.
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Electrical Characteristics
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 equations 1 and 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.

All ESD testing is in conformity with AEC-Q100 Stress Test Qualification for Automotive Grade 
Integrated Circuits. During the device qualification ESD stresses were performed for the human body 
model (HBM), the machine model (MM) and the charge device model (CDM).

A device is defined as a failure if after exposure to ESD pulses the device no longer meets the device 
specification. Complete DC parametric and functional testing is performed per the applicable device 
specification at room temperature followed by hot temperature, unless specified otherwise in the device 
specification.

Thermal resistance 16-pin TSSOP θJA 75 °C/W

Thermal resistance 20-pin PDIP θJA 75 °C/W

Thermal resistance 20-pin SOIC θJA 96 °C/W

Table 4. Thermal Characteristics (continued)

Rating Symbol Value Unit
MC9RS08KA8 Series MCU Data Sheet, Rev. 4
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Electrical Characteristics
Input high voltage (VDD > 2.3V) (all digital inputs) VIH 0.70 × VDD — — V

Input high voltage (1.8 V ≤ VDD ≤ 2.3 V) (all digital inputs) VIH 0.85 × VDD — — V

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

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

VIL — — 0.30 × VDD V

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

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

|IIn| — 0.025 1.0 μA

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

|IOZ| — 0.025 1.0 μA

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

Internal pulldown resistors2(all port pins except PTA5) RPD 20 45 65 kΩ

PTA5 Internal pulldown resistor — 45 — 95 kΩ

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
—
—
—

—
—
—

VOutput high voltage — High Drive (PTxDSn = 1)
5 V, ILoad = 10 mA
5 V, ILoad = 5 mA
3 V, ILoad = 3 mA
1.8 V, ILoad = 2 mA

VDD – 0.8
—
—
—
—

—
—
—
—

Maximum total IOH for all port pins |IOHT| — — 40 mA
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

VOutput low voltage — High Drive (PTxDSn = 1)
5 V, ILoad = 10 mA
5 V, ILoad = 5 mA
3 V, ILoad = 3 mA
1.8 V, ILoad = 2 mA

—
—
—
—

—
—
—
—

0.8

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

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)

Parameter Symbol Min Typical Max Unit
MC9RS08KA8 Series MCU Data Sheet, Rev. 4
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Electrical Characteristics
Figure 4. Typical IOH vs. VDD–VOH
VDD = 5.5 V (High Drive)

Figure 5. Typical IOH vs. VDD–VOH
VDD = 5.5 V (Low Drive)

IOH vs VDD-VOH (High Drive) at VDD = 5.5 V
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Electrical Characteristics
Figure 6. Typical IOH vs. VDD–VOH
VDD = 3 V (High Drive)

Figure 7. Typical IOH vs. VDD–VOH
VDD = 3 V (Low Drive)

IOH vs VDD-VOH (High Drive) at VDD = 3 V
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Electrical Characteristics
Figure 12. Typical IOL vs. VDD–VOL
VDD = 3 V (High Drive)

Figure 13. Typical IOL vs. VDD–VOL
VDD = 3 V (Low Drive)

IOL vs VOL (High Drive) at VDD = 3 V
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Electrical Characteristics
Figure 14. Typical IOL vs. VDD–VOL
VDD = 1.8 V (High Drive)

Figure 15. Typical IOL vs. VDD–VOL
VDD = 1.8 V (Low Drive)

3.7 Supply Current Characteristics
Table 8. Supply Current Characteristics

Parameter Symbol VDD (V) Typical1 Max2 Temp. (°C)

Run supply current3 measured at
(fBus = 10 MHz)

RIDD10

5 2.4 mA 5 mA
25
85

3 2.4 mA —
25
85

1.80 1.7 mA —
25
85

IOL vs VOL (High Drive) at VDD = 1.8 V
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Electrical Characteristics
Figure 16. Typical Run IDD vs. VDD for FEI Mode

5 Most customers are expected to find that auto-wakeup from stop can be used instead of the higher current wait 
mode. Wait mode typical is 1.3 mA at 3 V and 1 mA at 2 V with fBus = 1 MHz.

Run IDD vs VDD at FEI mode
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Electrical Characteristics
3.9.1 Control Timing
 

Figure 17. Reset Timing

Figure 18. 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 19. Timer External Clock

Figure 20. 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 P 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 21. ADC Input Impedance Equivalency Diagram

D
ADC conversion clock 
frequency

High Speed (ADLPC=0)
fADCK

0.4 — 8.0
MHz

Low Power (ADLPC=1) 0.4 — 8.0

Table 15. 10-bit ADC Characteristics  

Characteristic Conditions C Symb Min Typical1 Max Unit

Supply current
ADLPC = 1
ADLSMP = 1
ADCO = 1

— T IDDAD — 133 — μA

Supply current
ADLPC = 1
ADLSMP = 0
ADCO = 1

— T IDDAD — 218 — μA

Supply current
ADLPC = 0
ADLSMP = 1
ADCO = 1

— T IDDAD — 327 — μA

Supply current
ADLPC = 0
ADLSMP = 0
ADCO = 1

— C IDDAD — 0.582 1 mA

Table 14. 5 Volt 10-bit ADC Operating Conditions (continued)

C Characteristic Conditions Symb Min. Typical Max. Unit

+
–

+

–
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
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Electrical Characteristics
Figure 23. Flash Program Timing

Figure 24. Flash Mass Erase Timing

 PGM 

 HVEN 

 VPP
2 

tvps

trs

tnvh trcv

tvph

thv

1 Next Data applies if programming multiple bytes in a single row, refer to MC9RS08KA8 Series Reference Manual.
2 VDD must be at a valid operating voltage before voltage is applied or removed from the VPP pin.

 WRITE DATA1

tnvs

tpgs

tprog

Data Next
Data

 MASS 

 HVEN 

 VPP
1 

tvps

trs

tnvh1

trcv

tvph

tme

1 VDD must be at a valid operating voltage before voltage is applied or removed from the VPP pin.

tnvs
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Ordering Information
4 Ordering Information
This section contains ordering numbers for MC9RS08KA8 series devices. See below for an example of 
the device numbering system.

 

5 Mechanical Drawings
This following pages contain mechanical specifications for MC9RS08KA8 series package options.

• 16-pin PDIP (plastic dual in-line pin)
• 16-pin W-SOIC (wide body small outline integrated circuit)
• 16-pin TSSOP (thin shrink sSmall outline package)
• 20-pin PDIP (plastic dual in-line pin)
• 20-pin W-SOIC (wide body small outline integrated circuit)

Table 17. Device Numbering System

Device Number
Memory Package 

Flash RAM Type Designator Document No.

MC9RS08KA8
MC9RS08KA4

8K bytes
4K bytes

254 bytes
126 bytes

16 PDIP PG 98ASB42431B

16 W-SOIC WG 98ASB42567B

16 TSSOP TG 98ASH70247A

20 PDIP PJ 98ASB42899B

20 W-SOIC WJ 98ASB42343B

MC

Temperature range 

Family

Memory

Status

Core

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

9 RS08 KA XX

(MC = Fully qualified)
Package designator (See Table 17)

8

Approximate memory size (in KB)

C
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