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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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INTRODUCTION 

Target Readers This manual is intended for user engineers who wish to understand the functions of 

the 78K0S/KA1+ in order to design and develop its application systems and 

programs. 

 The target devices are the following subseries products. 

 • 78K0S/KA1+: μPD78F9221, 78F9222, 78F9224, 78F9221(A), 78F9222(A),  

  78F9221(A2), 78F9222(A2)  

 

Purpose This manual is intended to give users on understanding of the functions described in 

the Organization below. 

 

Organization Two manuals are available for the 78K0S/KA1+: this manual and the Instruction 

Manual (common to the 78K/0S Series). 

 

78K0S/KA1+ 

User’s Manual 

 78K/0S Series 

Instructions 

User’s Manual 

• Pin functions 

• Internal block functions 

• Interrupts 

• Other internal peripheral functions 

• Electrical specifications 

• CPU function 

• Instruction set 

• Instruction description 

 

How to Use This Manual It is assumed that the readers of this manual have general knowledge of electrical 

engineering, logic circuits, and microcontrollers. 

 

◊ To understand the overall functions of 78K0S/KA1+ 

 → Read this manual in the order of the CONTENTS.  The mark <R> shows major 

revised points.  The revised points can be easily searched by copying an “<R>” 

in the PDF file and specifying it in the “Find what:” field. 

◊ How to read register formats 

 → For a bit number enclosed in a square, the bit name is defined as a reserved 

word in the RA78K0S, and is defined as an sfr variable using the #pragma sfr 

directive in the CC78K0S. 

◊ To learn the detailed functions of a register whose register name is known 

 → See APPENDIX C  REGISTER INDEX. 

◊ To learn the details of the instruction functions of the 78K/0S Series 

 → Refer to 78K/0S Series Instructions User’s Manual (U11047E) separately 

available.  

◊ To learn the electrical specifications of the 78K0S/KA1+ 

 → See CHAPTER 21 and 22  ELECTRICAL SPECIFICATIONS. 

 

<R> 



CHAPTER  1   OVERVIEW 
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1.2  Ordering Information 
 
Part Number  
μPD78F9 ××× - ×× (×) - ××× -×  
  
  Semiconductor component  

 
-A Product contains no lead in any area  

(Terminal finish is Sn/Bi plating)  

 
-AX 

Lead-free

Product contains no lead in any area  

(Terminal finish is Ni/Pd/Au plating)  

  
  Quality Grades 

 Blank Standard 

 (A) 

 (A2) 

Special 

  
  Package type 

 MC-5A4 

 MC-CAA 

Plastic SSOP 

 CS-CAC Plastic SDIP 

  
  Number of pins High-speed RAM Flash memory  

 221 20 pins 128 bytes 2 K bytes  

 222 20 pins 256 bytes 4 K bytes  
 224 20 pins 256 bytes 8 K bytes  

  
  Product type 

 F Flash memory versions 

 
P lease re fer  to  "Qual i ty  Grades on NEC Semiconductor  Dev ices"  (Document  No.  C11531E)  pub l i shed  by
NEC Electronics Corporat ion to know the speci f icat ion of  the qual i ty grade on the device and i ts 
recommended applications.  
 

[Part number list]   

μPD78F9221MC-5A4-A μPD78F9222MC-5A4-A μPD78F9224MC-5A4-A 

μPD78F9221MC(A)-5A4-A μPD78F9222MC(A)-5A4-A  

μPD78F9221MC(A2)-5A4-A μPD78F9222MC(A2)-5A4-A  

μPD78F9221MC(A)-CAA-AX μPD78F9222MC(A)-CAA-AX  

μPD78F9221MC(A2)-CAA-AX μPD78F9222MC(A2)-CAA-AX  

μPD78F9221CS-CAC-A μPD78F9222CS-CAC-A  
 

<R> 

<R> 



CHAPTER  2   PIN  FUNCTIONS 

User’s Manual  U16898EJ6V0UD 25

2.2.7  X1 and X2 

These pins connect an oscillator to oscillate the X1 input clock. 

X1 and X2 also function as the P121 and P122, respectively.  For the setting method for pin functions, see 

CHAPTER 17  OPTION BYTE. 

Supply an external clock to X1. 

 

Caution The P121/X1 and P122/X2 pins are pulled down during reset. 

 

2.2.8  AVREF 

This is the A/D converter reference voltage input pin and the positive power supply pin of P20 to P23 and A/D 

converter.  When the A/D converter is not used, connect this pin to VDD. 

 

2.2.9  VDD 

This is the positive power supply pin. 

 

2.2.10  VSS 

This is the ground pin. 

In the 78K0S/KA1+, VSS functions alternately as the ground potential of the A/D converter.  Be sure to connect VSS 

to a stabilized GND (= 0 V). 

 

2.3  Pin I/O Circuits and Connection of Unused Pins 
 

Table 2-1 shows I/O circuit type of each pin and the connections of unused pins. 

For the configuration of the I/O circuit of each type, refer to Figure 2-1. 

 

Table 2-1.  Types of Pin I/O Circuits and Connection of Unused Pins 

Pin Name I/O Circuit Type I/O Recommended Connection of Unused Pin 

P20/ANI0 to P23/ANI3 11 Input:  Independently connect to AVREF or VSS via a resistor. 

Output: Leave open. 

P30/TI000/INTP0 

P31/TI010/TO00/INTP2 

8-A 

I/O 

Input:   Independently connect to VDD or VSS via a resistor. 

Output: Leave open. 

P34/RESET 2 Input Connect to VDD via a resistor. 

P40 

P41/INTP3 

P42/TOH1 

P43/TxD6/INTP1 

P44/RxD6 

P45 

8-A Input:   Independently connect to VDD or VSS via a resistor. 

Output: Leave open. 

P121/X1 

P122/X2 

16-B Input: Independently connect to VSS via a resistor. 

Output: Leave open. 

P123 8-A 

I/O 

Input:   Independently connect to VDD or VSS via a resistor. 

Output: Leave open. 

P130 3-C Output Leave open. 

AVREF − Input Directly connect to VDD. 
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Table 3-3.  Special Function Registers (4/4) 

Bit No. Number of Bits 

Manipulated 

Simultaneously 

Address Symbol 

7 6 5 4 3 2 1 0 

R/W 

1 8 16 

After 

Reset 

R
ef

er
en

ce
 

pa
ge

 

FFE2H, 

FFE3H 

− − − − − − − − − − − − − − − 

FFE4H MK0 <ADM

K> 

<TMM

K010> 

<TMM

K000> 

<TMM

KH1> 

<PMK

1> 

<PMK

0> 

<LVI

MK> 

1 √ √ − FFH 225 

FFE5H MK1 1 <STMK

6> 

<SRM

K6> 

<SRE

MK6> 

<TMM

K80> 

<PMK

3> 

<PMK

2> 

1 

R/W 

√ √ − FFH 225 

FFE6H to 

FFEBH 

− − − − − − − − − − − − − − − 

FFECH INTM0 ES21 ES20 ES11 ES10 ES01 ES00 0 0 − √ − 00H 226 

FFEDH INTM1 0 0 0 0 0 0 ES31 ES30 

R/W 

− √ − 00H 227 

FFEEH 

to FFF2H 

− − − − − − − − − − − − − − − 

FFF3H PPCC 0 0 0 0 0 0 PPCC1 PPCC0 √ √ − 02H 74 

FFF4H OSTS 0 0 0 0 0 0 OSTS1 OSTS0

R/W 

− √ − Undefined
Note

 

76, 235

FFF5H to 

FFFAH 

− − − − − − − − − − − − − − − 

FFFBH PCC 0 0 0 0 0 0 PCC1 0 R/W √ √ − 02H 74 

FFFCH 

to FFFFH 

− − − − − − − − − − − − − − − 

Note The oscillation stabilization time that elapses after release of reset is selected by the option byte.  For details, 

refer to CHAPTER 17  OPTION BYTE. 

 

Remark For a bit name enclosed in angle brackets (<>), the bit name is defined as a reserved word in the RA78K0S, 

and is defined as an sfr variable using the #pragma sfr directive in the CC78K0S. 

 

<R> 
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3.3.4  Register addressing 

 

[Function] 

The register pair (AX) contents to be specified with an instruction word are transferred to the program counter 

(PC) to branch. 

This function is carried out when the BR AX instruction is executed. 

 

[Illustration] 

 
7 0

rp

0 7

A X

15 0

PC

8 7
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(1) 16-bit timer counter 00 (TM00) 

TM00 is a 16-bit read-only register that counts count pulses. 

The counter is incremented in synchronization with the rising edge of the count clock. If the count value is read 

during operation, input of the count clock is temporarily stopped, and the count value at that point is read.  

 

Figure 6-2.  Format of 16-bit Timer Counter 00 (TM00) 

 

TM00

Symbol FF13H FF12H

Address:  FF12H,  FF13H     After reset:  0000H     R

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

 
 

The count value is reset to 0000H in the following cases. 

 

<1>  A reset signal is generated. 

<2>  If TMC003 and TMC002 are cleared 

<3>  If the valid edge of TI000 is input in the clear & start mode entered by inputting the valid edge of TI000 

<4>  If TM00 and CR000 match in the clear & start mode entered on a match between TM00 and CR000 

<5>  If OSPT00 is set to 1 in the one-shot pulse output mode 

 

Cautions 1. Even if TM00 is read, the value is not captured by CR010. 

 2. When TM00 is read, count misses do not occur, since the input of the count clock is 

temporarily stopped and then resumed after the read. 

 

(2) 16-bit timer capture/compare register 000 (CR000) 

CR000 is a 16-bit register which has the functions of both a capture register and a compare register. Whether 

it is used as a capture register or as a compare register is set by bit 0 (CRC000) of capture/compare control 

register 00 (CRC00). 

CR000 is set by 16-bit memory manipulation instruction.   

A reset signal generation clears CR000 to 0000H. 

 

Figure 6-3.  Format of 16-bit Timer Capture/Compare Register 000 (CR000) 

 

CR000

Symbol FF15H FF14H

Address:  FF14H, FF15H     After reset:  0000H     R/W

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

 
 

• When CR000 is used as a compare register 

 The value set in CR000 is constantly compared with the 16-bit timer/counter 00 (TM00) count value, and an 

interrupt request (INTTM000) is generated if they match. It can also be used as the register that holds the 

interval time then TM00 is set to interval timer operation. 

 

• When CR000 is used as a capture register 

 It is possible to select the valid edge of the TI000 pin or the TI010 pin as the capture trigger. Setting of the 

TI000 or TI010 valid edge is performed by means of prescaler mode register 00 (PRM00) (refer to Table 6-

2). 
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(17) Changing compare register during timer operation 

 

<1> With the 16-bit timer capture/compare register 0n0 (CR0n0) used as a compare register, when changing 

CR0n0 around the timing of a match between 16-bit timer counter 00 (TM00) and 16-bit timer 

capture/compare register 0n0 (CR0n0) during timer counting, the change timing may conflict with the 

timing of the match, so the operation is not guaranteed in such cases.  To change CR0n0 during timer 

counting, INTTM000 interrupt servicing performs the following operation. 

 

 <Changing cycle (CR000)> 

 1.  Disable the timer output inversion operation at the match between TM00 and CR000 (TOC001 = 0). 

 2.  Disable the INTTM000 interrupt (TMMK000 = 1). 

 3.  Rewrite CR000. 

 4.  Wait for 1 cycle of the TM00 count clock. 

 5.  Enable the timer output inversion operation at the match between TM00 and CR000 (TOC001 = 1). 

 6.  Clear the interrupt request flag of INTTM000 (TMIF000 = 0). 

 7.  Enable the INTTM000 interrupt (TMMK000 = 0). 

 

 <Changing duty (CR010)> 

 1.  Disable the timer output inversion operation at the match between TM00 and CR010 (TOC004 = 0). 

 2.  Disable the INTTM000 interrupt (TMMK000 = 1). 

 3.  Rewrite CR010. 

 4.  Wait for 1 cycle of the TM00 count clock. 

 5.  Enable the timer output inversion operation at the match between TM00 and CR010 (TOC004 = 1). 

 6.  Clear the interrupt request flag of INTTM000 (TMIF000 = 0). 

 7.  Enable the INTTM000 interrupt (TMMK000 = 0). 

 

 While interrupts and timer output inversion are disabled (1 to 4 above), timer counting is continued.  If 

the value to be set in CR0n0 is small, the value of TM00 may exceed CR0n0.  Therefore, set the value, 

considering the time lapse of the timer clock and CPU clock after an INTTM000 interrupt has been 

generated. 

 

Remark n = 0, 1 

 

<2> If CR010 is changed during timer counting without performing processing <1> above, the value in 

CR010 may be rewritten twice or more, causing an inversion of the output level of the TO00 pin at each 

rewrite. 
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9.4.3 Watchdog timer operation in STOP mode (when “low-speed internal oscillator can be stopped by 

software” is selected by option byte) 

The watchdog timer stops counting during STOP instruction execution regardless of whether the system clock or 

low-speed internal oscillation clock is being used. 

 

(1) When the watchdog timer operation clock is the clock to peripheral hardware (fX) when the STOP 

instruction is executed 

When STOP instruction is executed, operation of the watchdog timer is stopped.  After STOP mode is released, 

operation stops for 34 μs (TYP.) (after waiting for the oscillation stabilization time set by the oscillation 

stabilization time select register (OSTS) after operation stops in the case of crystal/ceramic oscillation) and then 

counting is started again using the operation clock before the operation was stopped.  At this time, the counter is 

not cleared to 0 but holds its value. 

 

Figure 9-6.  Operation in STOP Mode (WDT Operation Clock: Clock to Peripheral Hardware) 

 

<1> CPU clock: Crystal/ceramic oscillation clock 

 

Operation stopped Operating

Oscillation stabilization time Normal operationSTOP

Oscillation stabilization time
(set by OSTS register)

Oscillation stopped

Watchdog timer
Operating

fCPU

CPU operation
Normal

operation
Operation

stoppedNote

 
 

 

<2> CPU clock: High-speed internal oscillation clock or external clock input 

 

Operation stopped Operating

Normal operation

Oscillation stopped

Watchdog timer

fCPU

CPU operation STOP

Operating

Normal
operation

Operation
stoppedNote

 
 

Note The operation stop time is 17 μs (MIN.), 34 μs (TYP.), and 67 μs (MAX.). 
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9.4.4 Watchdog timer operation in HALT mode (when “low-speed internal oscillator can be stopped by 

software” is selected by option byte) 

The watchdog timer stops counting during HALT instruction execution regardless of whether the operation clock of 

the watchdog timer is the system clock (fX) or low-speed internal oscillation clock (fRL).  After HALT mode is released, 

counting is started again using the operation clock before the operation was stopped.  At this time, the counter is not 

cleared to 0 but holds its value. 

 

Figure 9-8.  Operation in HALT Mode  

 

Watchdog timer
Operating

fX or fRL

fCPU

CPU operation Normal operation

Operating

HALT

Operation stopped

Normal operation
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Figure 10-10.  Basic Operation of A/D Converter  

 
Conversion time

Sampling time

Sampling A/D conversion

Undefined Conversion 
result

A/D converter
operation

SAR

ADCR,
ADCRH

INTAD

Conversion 
result

 
 

A/D conversion operations are performed continuously until bit 7 (ADCS) of the A/D converter mode register (ADM) 

is reset (0) by software.  

If a write operation is performed to ADM or the analog input channel specification register (ADS) during an A/D 

conversion operation, the conversion operation is initialized, and if the ADCS bit is set (1), conversion starts again 

from the beginning.  

Reset signal generation makes the A/D conversion result register (ADCR, ADCRH) undefined.  
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Figure 12-10.  Example of Multiple Interrupts (1/2) 

Example 1.  Multiple interrupts are acknowledged 

 

INTyy

EI

Main processing

EI

INTyy servicingINTxx servicing

RETI

IE = 0

INTxx

RETI

IE = 0

 
 

During interrupt INTxx servicing, interrupt request INTyy is acknowledged, and multiple interrupts are generated.   

Before each interrupt request acknowledgment, the EI instruction is issued, the interrupt mask is released, and the 

interrupt request acknowledgment enable state is set. 
 

Caution Multiple interrupts can be acknowledged even for low-priority interrupts. 
 

Example 2.  Multiple interrupts are not generated because interrupts are not enabled 
 

INTyy
EI

Main processing

RETI

INTyy servicingINTxx servicing

IE = 0

INTxx

RETI

INTyy is held pending

IE = 0

 
 

Because interrupts are not enabled in interrupt INTxx servicing (the EI instruction is not issued), interrupt request 

INTyy is not acknowledged, and multiple interrupts are not generated.  The INTyy request is held pending and 

acknowledged after the INTxx servicing is performed. 
 

IE = 0: Interrupt request acknowledgment disabled 



 

User’s Manual  U16898EJ6V0UD 268 

CHAPTER  18   FLASH  MEMORY 
 

 

18.1 Features 
 

The internal flash memory of the 78K0S/KA1+ has the following features. 

 

 Erase/write even without preparing a separate dedicated power supply 

 Capacity: 2 KB/4 KB/8 KB 

 • Erase unit: 1 block (256 bytes) 

 • Write unit:  1 block (at on-board/off-board programming time), 1 byte (at self programming time) 

 Rewriting method 

 • Rewriting by communication with dedicated flash memory programmer (on-board/off-board programming) 

 • Rewriting flash memory by user program (self programming) 

 Supports rewriting of the flash memory at on-board/off-board programming time through security functions 

 Supports security functions in block units at self programming time through protect bytes 
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18.8.5  Example of shifting self programming mode to normal mode 

The operating mode must be returned from self programming mode to normal mode after performing self 

programming. 

An example of shifting to normal mode is explained below. 

 

<1> Clear FLCMD (FLCMD = 00H). 

<2>  Clear the flash status register (PFS). 

<3>  Set normal mode using a specific sequence. 

•  Write the specific value (A5H) to PFCMD. 

•  Write 00H to FLPMC (writing in this step is invalid) 

•  Write 0FFH (inverted value of 00H) to FLPMC (writing in this step is invalid) 

•  Write 00H to FLPMC (writing in this step is valid) 

<4>  Check the execution result of the specific sequence using bit 0 (FPRERR) of PFSNote. 

Abnormal → <2>, normal → <5> 

<5>  Enable interrupt servicing (by executing the EI instruction and changing MK0 and MK1) to restore the original 

state. 

<6>  Mode shift is completed 

 

Note Restore the CPU clock to its setting before self programming, after normal execution of the specific 

sequence. 

 

Caution Be sure to perform the series of operations described above using the user program at an 

address where data is not erased or written. 

 



CHAPTER  21   ELECTRICAL  SPECIFICATIONS  (Standard product, (A) grade product) 

User’s Manual  U16898EJ6V0UD 352 

Standard product, (A) grade product  TA = −40 to +85°C

LVI Circuit Characteristics (TA = −40 to +85°C) 

Parameter Symbol Conditions MIN. TYP. MAX. Unit 

VLVI0  4.1 4.3 4.5 V 

VLVI1  3.9 4.1 4.3 V 

VLVI2  3.7 3.9 4.1 V 

VLVI3  3.5 3.7 3.9 V 

VLVI4  3.3 3.5 3.7 V 

VLVI5  3.15 3.3 3.45 V 

VLVI6  2.95 3.1 3.25 V 

VLVI7  2.7 2.85 3.0 V 

VLVI8  2.5 2.6 2.7 V 

Detection voltage 

VLVI9  2.25 2.35 2.45 V 

Response timeNote 1 tLD   0.2 2.0 ms 

Minimum pulse width tLW  0.2   ms 

Operation stabilization wait timeNote 2 tLWAIT   0.1 0.2 ms 

 

Notes 1. Time required from voltage detection to interrupt output or internal reset signal generation. 

 2. Time required from setting LVION to 1 to operation stabilization. 

 

Remarks 1. VLVI0 > VLVI1 > VLVI2 > VLVI3 > VLVI4 > VLVI5 > VLVI6 > VLVI7 > VLVI8 > VLVI9 

 2. VPOC < VLVIm (m = 0 to 9) 

 

LVI Circuit Timing 

 
Supply voltage

(VDD)

Detection voltage (MIN.)

Detection voltage (TYP.)

Detection voltage (MAX.)

tLW

tLDtLWAIT

LVION     1 Time  
 

Data Memory STOP Mode Low Supply Voltage Data Retention Characteristics (TA = −40 to +85°C) 

Parameter Symbol Conditions MIN. TYP. MAX. Unit 

Data retention supply voltage VDDDR  2.0  5.5 V 

Release signal set time tSREL  0   μs 
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(A2) grade product  TA = −40 to +125°C

AC Characteristics 

 

(1) Basic operation (TA = −40 to +125°C, VDD = 2.0 to 5.5 VNote 1, VSS = 0 V) 

Parameter Symbol Conditions MIN. TYP. MAX. Unit 

4.0 V ≤ VDD ≤ 5.5 V 0.25  16 μs 

3.0 V ≤ VDD < 4.0 V 0.33  16 μs 

2.7 V ≤ VDD < 3.0 V 0.4  16 μs 

Crystal/ceramic oscillation 

clock, external clock input 

2.0 V ≤ VDD < 2.7 V 1  16 μs 

4.0 V ≤ VDD ≤ 5.5 V 0.23  4.22 μs 

2.7 V ≤ VDD < 4.0 V 0.47  4.22 μs 

Cycle time (minimum 

instruction execution time) 

TCY 

High-speed internal 

oscillation clock 

2.0 V ≤ VDD < 2.7 V 0.95  4.22 μs 

4.0 V ≤ VDD ≤ 5.5 V 2/fsam+

0.1Note 2 

  μs TI000 input high-level width, 

low-level width 

tTIH, 

tTIL 

2.0 V ≤ VDD < 4.0 V 2/fsam+

0.2Note 2 

  μs 

Interrupt input high-level 

width, low-level width 

tINTH, 

tINTL 

 1   μs 

RESET input low-level 

width 

tRSL  2   μs 

 

Notes 1. Use this product in a voltage range of 2.26 to 5.5 V because the detection voltage (VPOC) of the power-on-

clear (POC) circuit is 2.26 V (MAX.). 

2. Selection of fsam = fXP, fXP/4, or fXP/256 is possible using bits 0 and 1 (PRM000, PRM001) of prescaler 

mode register 00 (PRM00). Note that when selecting the TI000 valid edge as the count clock, fsam = fXP. 

 

CPU Clock Frequency, Peripheral Clock Frequency 

Parameter Conditions CPU Clock (fCPU) Peripheral Clock (fXP) 

4.0 V ≤ VDD ≤ 5.5 V 125 kHz ≤ fCPU ≤ 8 MHz 

3.0 V ≤ VDD < 4.0 V 125 kHz ≤ fCPU ≤ 6 MHz 

2.7 V ≤ VDD < 3.0 V 125 kHz ≤ fCPU ≤ 5 MHz 

500 kHz ≤ fXP ≤ 8 MHz Ceramic resonator, 

crystal resonator, 

external clock 

2.0 V ≤ VDD < 2.7 VNote 125 kHz ≤ fCPU ≤ 2 MHz 500 kHz ≤ fXP ≤ 5 MHz 

4.0 V ≤ VDD ≤ 5.5 V 500 kHz (TYP.) ≤ fCPU ≤ 8 MHz (TYP.)

2.7 V ≤ VDD < 4.0 V 500 kHz (TYP.) ≤ fCPU ≤ 4 MHz (TYP.)

2 MHz (TYP.) ≤ fXP ≤ 8 MHz (TYP.) High-speed internal 

oscillator 

2.0 V ≤ VDD < 2.7 VNote 500 kHz (TYP.) ≤ fCPU ≤ 2 MHz (TYP.) 2 MHz (TYP.) ≤ fXP ≤ 4 MHz (TYP.) 

 

Note Use this product in a voltage range of 2.26 to 5.5 V because the detection voltage (VPOC) of the power-on-clear 

(POC) circuit is 2.26 V (MAX.). 
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(A2) grade product  TA = −40 to +125°C

A/D Converter Characteristics (TA = −40 to +125°C, 2.7 V ≤ AVREF ≤ VDD ≤ 5.5 V, VSS = 0 VNote 1) 

Parameter Symbol Conditions MIN. TYP. MAX. Unit 

Resolution   10 10 10 bit 

4.0 V ≤ AVREF ≤ 5.5 V  ±0.2 ±0.7 %FSR Overall errorNotes 2, 3 AINL 

2.7 V ≤ AVREF < 4.0 V  ±0.3 ±0.9 %FSR 

4.5 V ≤ AVREF ≤ 5.5 V 3.0  30 μs 

4.0 V ≤ AVREF < 4.5 V 4.8  30 μs 

2.85 V ≤ AVREF < 4.0 V 6.0  30 μs 

Conversion time tCONV 

2.7 V ≤ AVREF < 2.85 V 14.0  30 μs 

4.0 V ≤ AVREF ≤ 5.5 V   ±0.7 %FSR Zero-scale errorNotes 2, 3 Ezs 

2.7 V ≤ AVREF < 4.0 V   ±0.9 %FSR 

4.0 V ≤ AVREF ≤ 5.5 V   ±0.7 %FSR Full-scale errorNotes 2, 3 Efs 

2.7 V ≤ AVREF < 4.0 V   ±0.9 %FSR 

4.0 V ≤ AVREF ≤ 5.5 V   ±5.5 LSB Integral non-linearity errorNote 2 ILE 

2.7 V ≤ AVREF < 4.0 V   ±7.5 LSB 

4.0 V ≤ AVREF ≤ 5.5 V   ±2.5 LSB Differential non-linearity errorNote 2 DLE 

2.7 V ≤ AVREF < 4.0 V   ±3.0 LSB 

Analog input voltage VAIN  VSS
Note 1  AVREF V 

 

Notes 1. In the 78K0S/KA1+, VSS functions alternately as the ground potential of the A/D converter.  Be sure to 

connect VSS to a stabilized GND (= 0 V). 

 2. Excludes quantization error (±1/2 LSB). 

 3. This value is indicated as a ratio (%FSR) to the full-scale value. 

 

Caution The conversion accuracy may be degraded when the analog input pin is used as an alternate I/O 

port or if a port is changed during A/D conversion. 
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(A2) grade product  TA = −40 to +125°C

Flash Memory Programming Characteristics (TA = –40 to +105°C, 2.7 V ≤ VDD ≤ 5.5 V, VSS = 0 V) 

Parameter Symbol Conditions MIN. TYP. MAX. Unit 

Supply current IDD VDD = 5.5 V   7.0 mA 

Erasure countNote 1  

(per 1 block) 

NERASE TA = −40 to +105°C 1000   Times 

4.5 V ≤ VDD ≤ 5.5 V   0.8 s 

3.5 V ≤ VDD < 4.5 V   1.0 s 

TA = −10 to +105°C, 

NERASE ≤ 100 

2.7 V ≤ VDD < 3.5 V   1.2 s 

4.5 V ≤ VDD ≤ 5.5 V   4.8 s 

3.5 V ≤ VDD < 4.5 V   5.2 s 

TA = −10 to +105°C, 

NERASE ≤ 1000 

2.7 V ≤ VDD < 3.5 V   6.1 s 

4.5 V ≤ VDD ≤ 5.5 V   1.6 s 

3.5 V ≤ VDD < 4.5 V   1.8 s 

TA = −40 to +105°C, 

NERASE ≤ 100 

2.7 V ≤ VDD < 3.5 V   2.0 s 

4.5 V ≤ VDD ≤ 5.5 V   9.1 s 

3.5 V ≤ VDD < 4.5 V   10.1 s 

Chip erase time TCERASE 

TA = −40 to +105°C, 

NERASE ≤ 1000 

2.7 V ≤ VDD < 3.5 V   12.3 s 

4.5 V ≤ VDD ≤ 5.5 V   0.4 s 

3.5 V ≤ VDD < 4.5 V   0.5 s 

TA = −10 to +105°C, 

NERASE ≤ 100 

2.7 V ≤ VDD < 3.5 V   0.6 s 

4.5 V ≤ VDD ≤ 5.5 V   2.6 s 

3.5 V ≤ VDD < 4.5 V   2.8 s 

TA = −10 to +105°C, 

NERASE ≤ 1000 

2.7 V ≤ VDD < 3.5 V   3.3 s 

4.5 V ≤ VDD ≤ 5.5 V   0.9 s 

3.5 V ≤ VDD < 4.5 V   1.0 s 

TA = −40 to +105°C, 

NERASE ≤ 100 

2.7 V ≤ VDD < 3.5 V   1.1 s 

4.5 V ≤ VDD ≤ 5.5 V   4.9 s 

3.5 V ≤ VDD < 4.5 V   5.4 s 

Block erase time TBERASE 

TA = −40 to +105°C, 

NERASE ≤ 1000 

2.7 V ≤ VDD < 3.5 V   6.6 s 

Byte write time TWRITE TA = −40 to +105°C, NERASE ≤ 1000   150 μs 

Per 1 block   6.8 ms Internal verify TVERIFY 

Per 1 byte   27 μs 

Blank check TBLKCHK Per 1 block   480 μs 

Total loss PT
Note 3 TA = −40 to +105°C   120 mW 

Retention years  TA = 85°CNote 2, NERASE ≤ 1000 10   Years 

 

Notes  1. Depending on the erasure count (NERASE), the erase time varies.  Refer to the chip erase time and block 

erase time parameters. 

 2. When the average temperature when operating and not operating is 85°C. 

 

Remark When a product is first written after shipment, “erase → write” and “write only” are both taken as one rewrite. 

 
(Note 3 is listed on the next page.) 
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Figure A-1.  Development Tool Configuration (2/2) 

 

(2) When using the on-chip debug emulator with programming function QB-MINI2 

 

Language processing software Debugging software

Host machine
(PC or EWS)

USB interface cableNote 4

Target connector

Target system

Software package

Control software

(Windows only)Note 3

QB-MINI2Note 4

Connection cableNote 4

• Assembler package

• C compiler package

• Device fileNote 1

• Integrated debuggerNote 1

• System simulatorNote 2

• Software package

• Project manager

 
 

Notes 1. Download the device file for 78K0S/Kx1+ microcontrollers (DF789234) and the integrated debugger 

ID78K0S-QB from the download site for development tools (http://www.necel.com/micro/en/ods/). 

 2. SM+ for 78K0S (instruction simulation version) is included in the software package.  SM+ for 

78K0S/Kx1+ (instruction + peripheral simulation version) is not included. 

 3. The project manager PM+ is included in the assembler package. 

  PM+ cannot be used other than with Windows. 

 4. QB-MINI2 is supplied with USB interface cable and connection cable.  Any other products are sold 

separately.  In addition, download the software for operating the QB-MINI2 from the download site for 

development tools (http://www.necel.com/micro/en/ods/).  
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Figure B-2.  When using the 78K0S/Kx1+ target cable (single track) 

 

: A interval pin header → More than 2.54mm

Unit : mm

: A contact area of a pin header → 0.635 × 0.635mm (Height: 6mm)

Top view

2.54

2.54

: A interval pin header → More than 2.54mm

Unit : mm

: A contact area of a pin header → 0.635 × 0.635mm (Height: 6mm)

Top view

2.54

2.54
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Viewing direction
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Pin header
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<Overview>

Viewing direction

Target cable

Pin header

IECUBE
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(2/10) 

Edition Description Applied to: 

Modification of output width of INTTM010 and INTTM000 in the following figures 

• Figure 6-17  CR010 Capture Operation with Rising Edge Specified 

• Figure 6-20  Timing of Pulse Width Measurement Operation by Free-Running 

    Counter and One Capture Register (with Both Edges Specified) 

• Figure 6-22  Timing of Pulse Width Measurement Operation with Free-Running 

    Counter (with Both Edges Specified) 

• Figure 6-24  Timing of Pulse Width Measurement Operation by Free-Running 

    Counter and Two Capture Registers (with Rising Edge Specified) 

• Figure 6-26  Timing of Pulse Width Measurement Operation by Means of Restart 

    (with Rising Edge Specified) 

Modification of Caution 1 in Figure 6-29 Control Register Settings for PPG Output 

Operation 

Modification of Figure 6-33  Timing of One-Shot Pulse Output Operation with 

Software Trigger 

Modification and addition to 6.5  Cautions Related to 16-bit Timer/Event Counter 00 

CHAPTER 6  16-BIT  

TIMER/EVENT  

COUNTER  00 

Addition of Caution 2 to Figure 7-4  Format of 8-bit Timer Mode Control Register 80 

(TMC80) 

CHAPTER 7  8-BIT  

TIMER  80 

Modification of Table 9-1  Loop Detection Time of Watchdog Timer 

Addition of Caution 4 and modification to Figure 9-2  Format of Watchdog Timer Mode 

Register (WDTM) 

Modification of Figure 9-4  Status Transition Diagram When “Low-Speed Internal 

Oscillator Cannot Be Stopped” Is Selected by Option Byte 

Modification of Figure 9-5  Status Transition Diagram When “Low-Speed Internal 

Oscillator Can Be Stopped by Software” Is Selected by Option Byte 

CHAPTER 9   

WATCHDOG TIMER 

Addition of Note to and modification of Figure 10-1  Timing of A/D Converter Sampling 

and A/D Conversion 

Addition of Note 1, Caution, and Remark 2 to and modification of Table 10-1  Sampling 

Time and A/D Conversion Time 

Modification of Figure 10-2  Block Diagram of A/D Converter 

Modification of Note 5, addition of Notes 1, 2, Cautions 1, 2, 4 and Remark 2 to, and 

modification of Figure 10-3  Format of A/D Converter Mode Register (ADM) 

Modification of Note in Figure 10-4  Timing Chart When Comparator Is Used 

Addition of explanation <3> to 10.4.1  Basic operations of A/D converter 

Modification of Figure 10-11  Relationship Between Analog Input Voltage and A/D 

Conversion Result 

Addition of explanation <3> to 10.4.3  A/D converter operation mode 

Partial modification of 10.6 (1) Operating current in STOP mode and (6) Input 

impedance of ANI0 to ANI3 pins 

Modification of capacitor value in Figure 10-19  Analog Input Pin Connection 

Modification of Figure 10-21  Internal Equivalent Circuit of ANIn Pin and Table 10-4  

Resistance and Capacitance Values (Reference Values) of Equivalent Circuit 

CHAPTER 10  A/D  

CONVERTER 

Addition of description to 11.2 (3) Transmit buffer register 6 (TXB6) 

Modification of Note 1 in Figure 11-5  Format of Asynchronous Serial Interface 

Operation Mode Register 6 (ASIM6) (1/2) 

Modification of Caution in 11.3 (6) Asynchronous serial interface control register 6 

(ASICL6) 

2nd edition 

Modification of Caution 1 in 11.4.2 (2) (d) Continuous transmission 

CHAPTER 11  SERIAL  

INTERFACE UART6 


