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What is "Embedded - Microcontrollers"?
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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
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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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1.7  Outline of Functions 
 

1. 7. 1 78K0R/KC3-L, 78K0R/KD3-L, 78K0R/KE3-L 
(1/2) 

78K0R/KC3-L 

40-pin 44-pin 48-pin 

78K0R/KD3-L 78K0R/KE3-L Item 

μ
 P

D
78F

1000 

μ
 P

D
78F

1001 

μ
 P

D
78F
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μ
 P

D
78F

1003 

μ
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D
78F
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μ
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D
78F
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μ
 P

D
78F
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μ
 P

D
78F

1003 

μ
 P

D
78F

1001 

μ
 P

D
78F
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μ
 P

D
78F

1003 

μ
 P

D
78F

1004 

μ
 P

D
78F

1005 

μ
 P

D
78F

1006 

μ
 P

D
78F

1007 

μ
 P

D
78F

1008 

μ
 P

D
78F

1009 

Flash memory 
(KB) 

16 32 48 64 16 32 48 64 32 48 64 32 48 64 32 48 64Internal 
memory 

RAM (KB) 1 1.5 2 3/2 

Note 1

1 1.5 2 3/2 

Note 1

1.5 2 3/2 

Note 1

1.5 2 3/2 

Note 1 
1.5 2 3/2 

Note 1

Memory space 1 MB 

High-speed system 
clock 

X1 (crystal/ceramic) oscillation, external main system clock input (EXCLK) 
2 to 20 MHz: VDD = 2.7 to 5.5 V, 2 to 5 MHz: VDD = 1.8 to 5.5 V 

Internal high-speed 
oscillation clock 

Internal oscillation 
1 MHz (TYP.), 8 MHz (TYP.): VDD = 1.8 to 5.5 V 

Main system 
clock 

20 MHz internal high-
speed oscillation 
clock 

Internal oscillation 
20 MHz (TYP.): VDD = 2.7 to 5.5 V 

Subsystem clock − XT1 (crystal) oscillation 
32.768 kHz (TYP.): VDD = 1.8 to 5.5 V 

 

Internal low-speed oscillation clock 
(dedicated to WDT) 

Internal oscillation 
30 kHz (TYP.): VDD = 1.8 to 5.5 V 

General-purpose register 8 bits × 32 registers (8 bits × 8 registers × 4 banks) 

0.05 μs (High-speed system clock: fMX = 20 MHz operation) Minimum instruction execution time 

− 61 μs (Subsystem clock: fSUB = 32.768 kHz operation) 

Instruction set •  8-bit operation, 16-bit operation 
•  Multiplication (8 bits × 8 bits)  
•  Bit manipulation (Set, reset, test, and Boolean operation), etc. 

I/O port Total 33 37 41 45 55 

 CMOS I/O 31 33 34 38 48 

 CMOS input 2 4 4 4 4 

 CMOS output − − 1 1 1 

 N-ch open-drain I/O 
(6 V tolerance) 

− − 2 2 2 

16-bit timer 8 channels 

Watchdog timer 1 channel 

Timer 

Real-time counter (RTC) − 1 channel 

 Timer output 6  
(PWM outputs: 6 Note 2) 

8  
(PWM outputs: 7 Note 2) 

 RTC output − 2 
•  1 Hz (subsystem clock: fSUB = 32.768 kHz) 
•  512 Hz, 16.384 kHz, or 32.768 kHz (subsystem clock: fSUB = 32.768 kHz)

Notes 1. This is 2 KB when the self-programming function is used. 

 2. The number of outputs varies, depending on the setting. 
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Figure 3-1.  Pin I/O Circuit List (2/2) 

 

Type 11-G    Type 37-B    

Data

Output
disable

AVREF

P-ch

IN/OUT

N-ch

P-ch

N-ch

Input enable

+

_

AVSS

AVSS

Comparator

Series resistor string voltage

XT1

Input
enable

Input
enable

amp
enable

P
-ch

N
-ch

XT2

 

Type 13-P    Type 37-C    

Data

Output
disable

Input
enable

IN/OUT

N-ch

EVSS0, EVSS1

X1

input
enable

input
enable

P
-ch

N
-ch

X2

amp
enable

 

Type 13-R        

IN/OUT

N-ch
Data

Output disable

EVSS0, EVSS1
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Figure 5-28.  Format of Port Mode Register (78K0R/KC3-L (40-pin)) 

 

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W 

PM1 1 1 1 1 PM13 PM12 PM11 PM10 FFF21H FFH R/W 

 

PM2 PM27 PM26 PM25 PM24 PM23 PM22 PM21 PM20 FFF22H FFH R/W 

 

PM3 1 1 1 1 1 PM32 PM31 PM30 FFF23H FFH R/W 

 

PM4 1 1 1 1 1 1 PM41 PM40 FFF24H FFH R/W 

 

PM5 1 1 1 1 1 0 PM51 PM50 FFF25H FFH R/W 

 

PM7 1 1 PM75 PM74 PM73 PM72 PM71 PM70 FFF27H FFH R/W 

 

PM8 1 1 1 1 PM83 0 PM81 PM80 FFF28H FFH R/W 

 

PM12 1 1 1 1 1 1 1 PM120 FFF2CH FFH R/W 

 

PM15 1 1 1 1 1 1 PM151 PM150 FFF2FH FFH R/W 

 

PMmn Pmn pin I/O mode selection 

(m = 1 to 5, 7, 8, 12, 15; n = 0 to 7) 

0 Output mode (output buffer on) 

1 Input mode (output buffer off) 

 

Cautions 1. Be sure to set bits 4 to 7 of the PM1 register, bits 3 to 7 of the PM3 register, bits 2 to 7 of 

the PM4 register, bits 3 to 7 of the PM5 register, bits 6 and 7 of the PM7 register, bits 4 to 7 

of the PM8 register, bits 1 to 7 of the PM12 register, and bits 2 to 7 of the PM15 register to 1.  

2. Be sure to clear bit2 of the PM5 register and bit 2 of the PM8 register to “0” after the reset 

release. 
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Table 6-3.  Port Functions (2/4) 

K
F

3-L 

K
G

3-L 

Function Name I/O Function After Reset Alternate Function 

√ √ P50 [KF3-L (μ  PD78F1010, 

78F1011, 78F1012)] 

INTP1 

[KG3-L (μ  PD78F1013, 

78F1014)] 

− 

[KF3-L(μ  PD78F1027, 

 78F1028)] 

INTP1/SCK40 

[KG3-L(μ PD78F1029, 

78F1030)] 

SCK40 

√ √ P51 [KF3-L (μ  PD78F1010, 

78F1011, 78F1012)] 

INTP2 

[KG3-L (μ  PD78F1013, 

78F1014)] 

− 

[KF3-L(μ  PD78F1027, 

 78F1028)] 

INTP2/SI40/RxD4 

[KG3-L(μ PD78F1029, 

78F1030)] 

SI40/RxD4 

√ √ P52 [KF3-L (μ  PD78F1010, 

78F1011, 78F1012)] 

TO00 

[KG3-L (μ  PD78F1013, 

78F1014)] 

− 

[KF3-L(μ  PD78F1027, 

 78F1028)] 

TO00/SO40/TxD4 

[KG3-L(μ PD78F1029, 

78F1030)] 

SO40/TxD4 

√ √ P53 

I/O Port 5. 

I/O port. 

Input/output can be specified in 1-bit units. 

Use of an on-chip pull-up resistor can be specified 

by a software setting. 

Input port 

[KF3-L (μ  PD78F1010, 

78F1011, 78F1012)] 

TI00 

[KG3-L (μ  PD78F1013, 

78F1014)] 

− 

[KF3-L (μ  PD78F1027, 

 78F1028)] 

TI00/SCK41 

[KG3-L(μ PD78F1029, 

78F1030)] 

SCK41 
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Figure 6-55.  Format of Port Register (78K0R/KG3-L) 

 

Symbol 7 6 5 4 3 2 1 0 Address After reset R/W

P0 0 P06 P05 P04 P03 P02 P01 P00 FFF00H 00H (output latch) R/W

 

P1 P17 P16 P15 P14 P13 P12 P11 P10 FFF01H 00H (output latch) R/W

 

P2 P27 P26 P25 P24 P23 P22 P21 P20 FFF02H 00H (output latch) R/W

 

P3 0 0 0 0 0 0 P31 P30 FFF03H 00H (output latch) R/W

 

P4 P47 P46 P45 P44 P43 P42 P41 P40 FFF04H 00H (output latch) R/W

 

P5 P57 P56 P55 P54 P53 P52 P51 P50 FFF05H 00H (output latch) R/W

 

P6 P67 P66 P65 P64 P63 P62 P61 P60 FFF06H 00H (output latch) R/W

 

P7 P77 P76 P75 P74 P73 P72 P71 P70 FFF07H 00H (output latch) R/W

 

P8 P87 P86 P85 P84 P83 P82 P81 P80 FFF08H 00H (output latch) R/W

 

P9 0 0 0 0 0 0 P91 0 FFF09H 00H (output latch) R/W

 

P11 0 0 0 0 0 0 P111 P110 FFF0BH 00H (output latch) R/W

 

P12 0 0 0 P124 P123 P122 P121 P120 FFF0CH Undefined R/WNote

 

P13 0 0 0 0 0 0 P131 P130 FFF0DH 00H (output latch) R/W

 

P14 0 0 P145 P144 P143 P142 P141 P140 FFF0EH 00H (output latch) R/W

 

P15 P157 P156 P155 P154 P153 P152 P151 P150 FFF0FH 00H (output latch) R/W

 

m = 0 to 9, 11 to 15; n = 0 to 7 Pmn 

Output data control (in output mode) Input data read (in input mode) 

0 Output 0 Input low level 

1 Output 1 Input high level 

 

Note P121 to P124 are read-only. 
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Figure 8-28.  Format of Noise Filter Enable Registers 1, 2 (NFEN1, NFEN2) 

(78K0R/KF3-L, 78K0R/KG3-L) (2/2) 

 
Address: F0061H After reset: 00H R/W 

Symbol 7 6 5 4 3 2 1 0 

NFEN1 TNFEN07 TNFEN06 TNFEN05 TNFEN04 TNFEN03 TNFEN02 TNFEN01 TNFEN00 

 

Address: F0062H After reset: 00H R/W 

Symbol 7 6 5 4 3 2 1 0 

NFEN2 0 0 0 0 TNFEN13 TNFEN12 TNFEN11 TNFEN10 

 

TNFEN02 Enable/disable using noise filter of TI02/TO02/P17 pin input signal 

0 Noise filter OFF 

1 Noise filter ON 

 

TNFEN01 Enable/disable using noise filter of TI01/TO01/INTP5/P16 pin input signal 

0 Noise filter OFF 

1 Noise filter ON 

 

TNFEN00 Enable/disable using noise filter of the following pin input signal 

78K0R/KF3-L: SCK41
Note

/TI00/P53 pin
 

78K0R/KG3-L: TI00/P00 pin 

0 Noise filter OFF 

1 Noise filter ON 

 

TNFEN13 Enable/disable using noise filter of TI13/TO13/P67 pin input signal 

0 Noise filter OFF 

1 Noise filter ON 

 

TNFEN12 Enable/disable using noise filter of TI12/TO12/P66 pin input signal 

0 Noise filter OFF 

1 Noise filter ON 

 

TNFEN11 Enable/disable using noise filter of TI11/TO11/P65 pin input signal 

0 Noise filter OFF 

1 Noise filter ON 

 

TNFEN10 Enable/disable using noise filter of TI10/TO10/P64 pin input signal 

0 Noise filter OFF 

1 Noise filter ON 

 

Note SCK41 pin is only mounted in the μ PD78F1027 and 78F1028. 
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Figure 8-43.  Example of Set Contents of Registers During Operation as Interval Timer/Square Wave Output (1/3) 
 

(1) When CKm0 or CKm1 is selected as count clock 
 

 (a) Timer mode register mn (TMRmn) 
 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0  

TMRmn CKSmn 

1/0 

 

0 

 

0 

CCSmn 

0 

MAS 

TERmn 
0 

STSmn2

0 

STSmn1

0 

STSmn0

0 

CISmn1

0 

CISmn0

0 

 

0 

 

0 

MDmn3 

0 

MDmn2 

0 

MDmn1 

0 

MDmn0

1/0 

 

                                   
                                   

                         

                      

Operation mode of channel n 

000B: Interval timer    
                                   

                       

                       

                       

Setting of operation when counting is started 
0: Neither generates INTTMmn nor inverts 

timer output when counting is started. 
1: Generates INTTMmn and inverts timer 

output when counting is started. 
                                   

                     

                     

Selection of TImn pin input edge 

00B: Sets 00B because these are not used. 
                                   

                

                

Start trigger selection 

000B: Selects only software start. 
                                   

            

            

Slave/master selection 

0: Independent channel operation function. 
                                   

          

          

Count clock selection 

0: Selects the operation clock specified by using the CKSmn bit (fMCK) as the count clock. 
                                   

    

    

Selecting the operation clock from two types of clocks (fMCK) 
0: Selects CKm0 as operation clock of channel n. 
1: Selects CKm1 as operation clock of channel n. 

 
(b) Timer output register m (TOm) 
 Bit n                 

TOm TOmn 

1/0 
 0: Outputs 0 from TOmn. 

1: Outputs 1 from TOmn. 
 

(c) Timer output enable register m (TOEm) 
 Bit n                 

TOEm TOEmn 
1/0 

 0: Stops the TOmn output operation by counting operation. 

1: Enables the TOmn output operation by counting operation. 
 

(d) Timer output level register m (TOLm) 
 Bit n                 

TOLm TOLmn 

0 
 0: Cleared to 0 when TOMmn = 0 (master channel output mode) 

 
(e) Timer output mode register m (TOMm) 
 Bit n                 

TOMm TOMmn 

0 
 0: Sets master channel output mode. 

 
Remark m: Unit number (m = 0, 1), n: Channel number (n = 0 to 7) 

 However, in case of the operation of square wave output and the timer output pin (TOmn), mn changes as 
below. 
78K0R/KC3-L (40-pin): mn = 02 to 07 
78K0R/KC3-L (44-pin, 48-pin): mn = 00 to 07 
78K0R/KD3-L, 78K0R/KE3-L: mn = 00 to 07  
78K0R/KF3-L, 78K0R/KG3-L: mn = 00 to 07, 10 to 13 
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Figure 9-27.  Operation when (DEV, F6, F5, F4, F3, F2, F1, F0) = (1, 1, 1, 0, 1, 1, 1, 0) 

RSUBC
count value

SEC 00 01

7FDBH 0000H 0001H 7FFFH0000H 7FDAH

4019

0000H 0001H 7FFFH 0000H 0001H 7FFFH

20 39

0000H 0001H 7FFFH 0000H 0001H 7FFFH 0000H 0001H 7FFFH

59 00

7FDBH0000H 7FDAH

7FFFH − 24H (36) 7FFFH − 24H (36)

Count start
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Figure 13-12.  Basic Operation of A/D Converter  

 

Sampling time

Sampling A/D conversion

Undefined

A/D converter
operation

ADCS ← 1 or ADS rewrite

SAR

ADCR

INTAD

SAR clear

Conversion time

Conversion 
result

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 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 clears the A/D conversion result register (ADCR, ADCRH) to 0000H or 00H.  

 

<R> 
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Figure 14-97.  Flowchart of LIN Reception 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Starting LIN communication

Detecting low-level width 

Detecting low-level width 

Stopping operation 

Detecting high-level width 

End of LIN communication

Sync break field 

Identification field 
Data field 
Checksum field 

Sync field 

SBF detected? 

Writing 1 to STmn 

Writing 1 to SSmn 

Wakeup signal frame 

Setting TAU0 in capture 

mode (to measure  

low-level width) 

Detecting low-level width 

Receiving data 

Wakeup detected? 

Setting TAU0 in capture 

mode (to measure  

low-/high-level width) 

Detecting low-level width 

Setting UART reception mode 

Calculating baud rate 

Detecting high-level width 

INTP0, 

TAU0 

SAU 

 

For 

details, 

see 
Figure  

14-88 

Transition to the state in which 
communication is enabled 

 

Stop the communication operation 
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Figure 14-98.  Example of Contents of Registers for Address Field Transmission of Simplified I2C (IIC10, IIC20)(2/2) 

 

(f) Serial channel start register m (SSm) … Sets only the bits of the target channel is 1. 

 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0  

SSm  
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

SSm3 

× 
SSm2 

0/1 
Note 1 

SSm1 

× 
SSm0

0/1
Note 2 

 

 

Notes 1. Serial array unit 0 only. 

2. Serial array unit 1 only. 

 

Remarks 1. m: Unit number (m = 0, 1), n: Channel number (n = 0, 2), r: IIC number (r = 10, 20) 

  78K0R/KC3-L, 78K0R/KD3-L, 78K0R/KE3-L:  mn = 02, r = 10 

  78K0R/KF3-L, 78K0R/KG3-L:  mn = 02, 10, r = 10, 20 

 2.       : Setting disabled (set to the initial value)  

  ×: Bit that cannot be used in this mode (set to the initial value when not used in any mode) 

0/1: Set to 0 or 1 depending on the usage of the user 

<R> 

<R> 
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14.9.2  78K0R/KF3-L, 78K0R/KG3-L 

 

Table 14-9.  Relationship between register settings and pins (Channel 0 of unit 0: CSI00, UART0 transmission) 

Pin Function SE 

00 
Note 1

 

MD

002 

MD

001 

SOE

00 

SO

00 

CKO

00 

TXE

00 

RXE

00 

PM 

10 

P10 PM

11
Note 2

P11
 

Note 2
PM

12 

P12 Operation mode 

SCK00/ 

P10 

SI00/ 

RxD0/P11 
Note 2

 

SO00/ 

TxD0/P12 

0 0 P11 0 

0 1 

0 1 1 0 0 × 

Note 3
 

×
Note 3

×
Note 3

×
Note 3

× 

Note 3
×

Note 3
Operation stop 

mode 

P10 

P11/RxD0 

P12 

0 1 1 0 1 1 × 1 × × 

Note 3
×

Note 3
Slave CSI00 

reception 

SCK00 

(input) 

SI00 P12 

1 0/1 
Note 4

 
1 1 0 1 × ×

Note 3
×

Note 3
0 1 Slave CSI00 

transmission 

SCK00 

(input) 

P11 SO00 

1 0/1 
Note 4

 
1 1 1 1 × 1 × 0 1 Slave CSI00 

transmission/ 

reception 

SCK00 

(input) 

SI00 SO00 

0 1 0/1 
Note 4

 
0 1 0 1 1 × × 

Note 3
×

Note 3
Master CSI00 

reception 

SCK00 

(output) 

SI00 P12 

1 0/1 
Note 4

 
0/1 

Note 4
 

1 0 0 1 ×
Note 3

×
Note 3

0 1 Master CSI00 

transmission 

SCK00 

(output) 

P11 SO00 

0 0 

1 0/1 
Note 4

 
0/1 

Note 4
 

1 1 0 1 1 × 0 1 Master CSI00 

transmission/ 

reception 

SCK00 

(output) 

SI00 SO00 

1 

0 1 1 0/1 
Note 4

 
1 1 0 × 

Note 3
 

×
Note 3

×
Note 3

×
Note 3

0 1 UART0 
transmission

Note 5
P10 P11/RxD0 TxD0 

 

Notes 1.  Serial channel enable register 0 (SE0) is a read-only status register which is set using serial channel start 

register 0 (SS0) and serial channel stop register 0 (ST0). 

2.  When channel 1 of unit 0 is set to UART0 reception, this pin becomes an RxD0 function pin (refer to Table 14-

10).  In this case, operation stop mode or UART0 transmission must be selected for channel 0 of unit 0. 

3.  This pin can be set as a port function pin. 

4.  This is 0 or 1, depending on the communication operation.  For details, refer to 14.3 (12) Serial output register 

m (SOm). 

5.  When using UART0 transmission and reception in a pair, set channel 1 of unit 0 to UART0 reception (refer to 

Table 14-10). 

 

Remark X: Don’t care 
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15.5.9  Address match detection method 

In I2C bus mode, the master device can select a particular slave device by transmitting the corresponding slave address. 

Address match can be detected automatically by hardware.  An interrupt request (INTIICA) occurs when the address 

set to the slave address register (SVA) matches the slave address sent by the master device, or when an extension code 

has been received. 

 

15.5.10  Error detection 

In I2C bus mode, the status of the serial data bus (SDA0) during data transmission is captured by the IICA shift register 

(IICA) of the transmitting device, so the IICA data prior to transmission can be compared with the transmitted IICA data to 

enable detection of transmission errors.  A transmission error is judged as having occurred when the compared data 

values do not match. 

 

15.5.11  Extension code 

 

(1)  When the higher 4 bits of the receive address are either “0000” or “1111”, the extension code reception flag (EXC) 

is set to 1 for extension code reception and an interrupt request (INTIICA) is issued at the falling edge of the eighth 

clock.  The local address stored in the slave address register (SVA) is not affected. 

 

(2) The settings below are specified if 11110xx0 is transferred from the master by using a 10-bit address transfer when 

the SVA register is set to 11110xx0.  Note that INTIICA occurs at the falling edge of the eighth clock. 

 

•  Higher four bits of data match:  EXC = 1 

•  Seven bits of data match:  COI = 1 

 

Remark  EXC:  Bit 5 of IICA status register (IICS) 

 COI:  Bit 4 of IICA status register (IICS) 

 

(3)  Since the processing after the interrupt request occurs differs according to the data that follows the extension code, 

such processing is performed by software. 

If the extension code is received while a slave device is operating, then the slave device is participating in 

communication even if its address does not match. 

For example, after the extension code is received, if you do not wish to operate the target device as a slave device, 

set bit 6 (LREL) of IICA control register 0 (IICCTL0) to 1 to set the standby mode for the next communication 

operation. 

 

Table 15-3.  Bit Definitions of Major Extension Codes 

Slave Address R/W Bit Description 

0 0 0 0  0 0 0 0 General call address 

1 1 1 1  0 x x 0 10-bit slave address specification (during address 

authentication) 

1 1 1 1  0 x x 1 10-bit slave address specification (after address match, when 

read command is issued) 

 

Remark  See the I2C bus specifications issued by NXP Semiconductors for details of extension codes other than those 

described above. 
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(ii)  When WTIM = 1 

 

 

ST AD6 to AD0 R/W ACK D7 to D0 D7 to D0ACK ACK SP

  3   4  2  1  
 

1: IICS = 0101×110B 

2: IICS = 0001×100B 

3: IICS = 0001××00B 

4: IICS = 00000001B 

 

Remark : Always generated 

 : Generated only when SPIE = 1 

 ×:  Don’t care 

 

 

(b)  When arbitration loss occurs during transmission of extension code 

 

(i)  When WTIM = 0 

 

 

ST AD6 to AD0 R/W ACK D7 to D0 D7 to D0ACK ACK SP

  3   4  2  1  
 

1: IICS = 0110×010B 

2: IICS = 0010×000B 

3: IICS = 0010×000B 

4: IICS = 00000001B 

 

Remark : Always generated 

 : Generated only when SPIE = 1 

 ×:  Don’t care 
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16.3 Register Controlling Multiplier/Divider 
 

The multiplier/divider is controlled by using the multiplication/division control register (MDUC). 

 

(1) Multiplication/division control register (MDUC) 

The MDUC register is an 8-bit register that controls the operation of the multiplier/divider. 

The MDUC register can be set by a 1-bit or 8-bit memory manipulation instruction. 

Reset signal generation clears this register to 00H. 

 

Figure 16-5.  Format of Multiplication/Division Control Register (MDUC) 

 

Address:  F00E8H      After reset:  00H      R/W 

Symbol <7> 6 5 4 3 2 1 <0> 

MDUC DIVMODE 0 0 0 0 0 0 DIVST 

 

 DIVMODE Operation mode (multiplication/division) selection 

 0 Multiplication mode 

 1 Division mode 

 

 DIVST
Note Division operation start/stop 

 0 Division operation processing complete 

 1 Starts division operation/division operation processing in progress 

 

Note The DIVST bit can only be set (1) in the division mode.  In the division mode, division operation is started by 

setting (1) the DIVST bit.  The DIVST bit is automatically cleared (0) when the operation ends.  In the 

multiplication mode, operation is automatically started by setting the multiplier and multiplicand to 

multiplication/division data register A (MDAH, MDAL), respectively. 

 

Cautions 1. Do not rewrite the DIVMODE bit during operation processing (while the DIVST bit is 1).  If it is 

rewritten, the operation result will be an undefined value. 

 2. The DIVST bit cannot be cleared (0) by using software during division operation processing 

(while the DIVST bit is 1). 

 

 

 



 

78K0R/Kx3-L  CHAPTER  17   DMA  CONTROLLER 

R01UH0106EJ0400  Rev.4.00     856  
Mar 31, 2011 

(2) DMA operation control register n (DRCn) 

The DRCn register is a register that is used to enable or disable transfer of DMA channel n. 

Rewriting bit 7 (DENn) of this register is prohibited during operation (when DSTn = 1). 

The DRCn register can be set by a 1-bit or 8-bit memory manipulation instruction. 

Reset signal generation clears this register to 00H. 

 

Figure 17-5.  Format of DMA Operation Control Register n (DRCn) 

 

Address: FFFBCH (DRC0), FFFBDH (DRC1)     After reset: 00H     R/W 

Symbol <7> 6 5 4 3 2 1 <0> 

DRCn DENn 0 0 0 0 0 0 DSTn 

 

DENn DMA operation enable flag 

0 Disables operation of DMA channel n (stops operating cock of DMA). 

1 Enables operation of DMA channel n. 

DMAC waits for a DMA trigger when DSTn = 1 after DMA operation is enabled (DENn = 1). 

 

DSTn DMA transfer mode flag 

0 DMA transfer of DMA channel n is completed. 

1 DMA transfer of DMA channel n is not completed (still under execution). 

DMAC waits for a DMA trigger when DSTn = 1 after DMA operation is enabled (DENn = 1). 

When a software trigger (STGn) or the start source trigger set by the IFCn3 to IFCn0 bits is input, DMA transfer is 

started. 

When DMA transfer is completed after that, this bit is automatically cleared to 0. 

Write 0 to this bit to forcibly terminate DMA transfer under execution. 

 

Cautions 1. The DSTn flag is automatically cleared to 0 when a DMA transfer is completed. 

Writing the DENn flag is enabled only when DSTn = 0.  When a DMA transfer is terminated 

without waiting for generation of the interrupt (INTDMAn) of DMAn, therefore, set the DSTn 

bit to 0 and then the DENn bit to 0 (for details, refer to 17.5.5  Forced termination by 

software). 

 2. When the FSEL bit of the OSMC register has been set to 1, do not enable (DENn = 1) DMA 

operation for at least three clocks after the setting. 

 

Remark n: DMA channel number (n = 0, 1) 
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(2) Oscillation stabilization time select register (OSTS) 
This register is used to select the X1 clock oscillation stabilization wait time when the STOP mode is released.   
When the X1 clock is selected as the CPU clock, the operation waits for the time set using the OSTS register after the 
STOP mode is released.   
When the internal high-speed oscillation clock is selected as the CPU clock, confirm with the oscillation stabilization 
time counter status register (OSTC) that the desired oscillation stabilization time has elapsed after the STOP mode is 
released.  The oscillation stabilization time can be checked up to the time set using the OSTC register. 
The OSTS register can be set by an 8-bit memory manipulation instruction. 
Reset signal generation sets this register to 07H. 

 
Figure 20-2.  Format of Oscillation Stabilization Time Select Register (OSTS) 

 
Address:  FFFA3H     After reset:  07H     R/W 

Symbol 7 6 5 4 3 2 1 0 

OSTS 0 0 0 0 0 OSTS2 OSTS1 OSTS0 

 

 Oscillation stabilization time selection 

 

OSTS2 OSTS1 OSTS0 

 fX = 10 MHz fX = 20 MHz 

 0 0 0 28/fX 25.6 μs Setting prohibited 

 0 0 1 29/fX 51.2 μs 25.6 μs 

 0 1 0 210/fX 102.4 μs 51.2 μs 

 0 1 1 211/fX 204.8 μs 102.4 μs 

 1 0 0 213/fX 819.2 μs 409.6 μs 

 1 0 1 215/fX 3.27 ms 1.64 ms 

 1 1 0 217/fX 13.11 ms 6.55 ms 

 1 1 1 218/fX 26.21 ms 13.11 ms 

Cautions 1. To set the STOP mode when the X1 clock is used as the CPU clock, set the OSTS register before 
executing the STOP instruction. 

 2. Setting the oscillation stabilization time to 20 μs or less is prohibited. 
 3. Before changing the setting of the OSTS register, confirm that the count operation of the OSTC 

register is completed. 
 4. Do not change the value of the OSTS register during the X1 clock oscillation stabilization time. 
 5. The oscillation stabilization time counter counts up to the oscillation stabilization time set by 

the OSTS register.  If the STOP mode is entered and then released while the internal high-speed 
oscillation clock is being used as the CPU clock, set the oscillation stabilization time as follows. 

•  Desired OSTC register oscillation stabilization time ≤ Oscillation stabilization time set by 
OSTS register 

  Note, therefore, that only the status up to the oscillation stabilization time set by the OSTS 
register is set to the OSTC register after STOP mode is released. 

 6. The X1 clock oscillation stabilization wait time does not include the time until clock oscillation 
starts (“a” below). 

 
STOP mode release

X1 pin voltage 
waveform

a
 

 
Remark fX: X1 clock oscillation frequency 
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26.9.2  Flash shield window function 

The flash shield window function is provided as one of the security functions for self programming.  It disables writing to 

and erasing areas outside the range specified as a window only during self programming. 

The window range can be set by specifying the start and end blocks.  The window range can be set or changed during 

both on-board/off-board programming and self programming. 

Writing to and erasing areas outside the window range are disabled during self programming.  During on-board/off-

board programming, however, areas outside the range specified as a window can be written and erased. 

 

Figure 26-20.  Flash Shield Window Setting Example  

(Target Devices: μPD78F1003, Start Block: 04H, End Block: 06H) 

 

Block 00H

Block 01H

Block 02H

Block 03H

Block 05H

Block 06H
(end block)

Block 04H
(start block)

Block 3FH

Block 3EH √: On-board/off-board programming
×: Self programming

√: On-board/off-board programming
√: Self programming

√: On-board/off-board programming
×: Self programming

Flash memory
area

Flash shield
range

Methods by which writing can be performed

Window range

Flash shield
range

0FFFFH

01C00H
01BFFH

01000H
00FFFH

00000H  
 

Caution  If the rewrite-prohibited area of the boot cluster 0 overlaps with the flash shield window range, 

prohibition to rewrite the boot cluster 0 takes priority. 
 
Table 26-13.  Relationship between Flash Shield Window Function Setting/Change Methods and Commands 

 
Execution Commands Programming conditions Window Range 

Setting/Change Methods Block erase Write 

Self-programming Specify the starting and 

ending blocks by the set 

information library. 

Block erasing is enabled 

only within the window 

range. 

Writing is enabled only 

within the range of 

window range. 

On-board/Off-board 

programming 

Specify the starting and 

ending blocks on GUI of 

dedicated flash memory 

programmer, etc. 

Block erasing is enabled 

also outside the window 

range. 

Writing is enabled also 

outside the window 

range. 

 
Remark  See 26.7 Security Settings to prohibit writing/erasing during on-board/off-board programming. 
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μ PD78F1007GB-GAH-AX, 78F1008GB-GAH-AX, 78F1009GB-GAH-AX 
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