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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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2.2.12  P150 to P153 (port 15) 

P150 to P153 function as an I/O port.  These pins also function as A/D converter analog input. 

 
 

78K0R/KC3-L 

(μPD78F100y: y = 0 to 3) 

 

40-pin 44-pin 

78K0R/KC3-L (48-pin) 

(μPD78F100y: y = 1 to 3) 

78K0R/KD3-L 

(μPD78F100y: y = 4 to 6) 

78K0R/KE3-L 

(μPD78F100y: y = 7 to 9) 

P150/ANI8 √ √ √ √ 

P151/ANI9 √ √ √ √ 

P152/ANI10 − √ √ √ 

P153/ANI11 − − − √ 

 

Remark √: Mounted 

 

The following operation modes can be specified in 1-bit units. 

 

(1) Port mode 

P150 to P153 function as an I/O port.  P150 to P153 can be set to input or output port in 1-bit units using port mode 

register 15 (PM15).   

 

(2) Control mode 

P150 to P153 function as the A/D converter analog input pins (ANI8 to ANI11).  When using these pins as the analog 

input pins, see 13.6 (5)   ANI0/P20 to ANI7/P27 and ANI8/P150 to ANI15/P157. 

 

Caution ANI8/P150 to ANI11/P153 are set in the digital input (general-purpose port) mode after release of 

reset. 

 

2.2.13  AVREF, AVSS, VDD, EVDD, VSS, EVSS 

 

78K0R/KC3-L 

(μPD78F100y: y = 0 to 3) 

 

40-pin 44-pin 

78K0R/KC3-L (48-pin) 

(μPD78F100y: y = 1 to 3) 

78K0R/KD3-L 

(μPD78F100y: y = 4 to 6) 

78K0R/KE3-L 

(μPD78F100y: y = 7 to 9) 

AVREF √ √ √ √ 

AVSS √ √ √ √ 

VDD √ √ √ √ 

EVDD − − − √ 

VSS √ √ √ √ 

EVSS − − − √ 

 

(1)  AVREF 

This is the A/D converter and comparator reference voltage input pin and the positive power supply pin of P20 to P27, 

P150 to P153, P80 to P83, A/D converter, programmable gain amplifier, and comparator. 

When all pins of port 2, port 15, and port 8 are used as the analog port pins, make the potential of AVREF be such that 

1.8 V ≤ AVREF ≤ VDD.  When one or more of the pins of port 2, port 15, and port 8 are used as the digital port pins or 

when the A/D converter, programmable gain amplifier, and comparator are not used, make AVREF the same potential 

as EVDD or VDD. 
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Figure 4-4.  Memory Map (μPD78F1003, 78F1006, 78F1009) 

 

Data memory 
space

Program 
memory 

space

0 0 0 0 0 H

E F F F F H
F 0 0 0 0 H

F 0 F F F H
F 1 0 0 0 H

F F 3 0 0 H
F F 2 F F H

F F E D F H
F F E E 0 H

F F E F F H
F F F 0 0 H

F F F F F H

0 F F F F H
1 0 0 0 0 H

F 0 7 F F H
F 0 8 0 0 H

0 0 0 0 0 H

0 0 0 7 F H
0 0 0 8 0 H

0 0 0 B F H
0 0 0 C 0 H

0 0 0 C 3 H
0 0 0 C 4 H

0 0 F F F H
0 1 0 0 0 H

0 1 0 7 F H
0 1 0 8 0 H

0 1 0 B F H
0 1 0 C 0 H

0 1 0 C 3 H
0 1 0 C 4 H

0 F F F F H

Vector table area
128 bytes

CALLT table area
64 bytes

Program area

Option byte areaNote 3

4 bytes

Vector table area
128 bytes

CALLT table area
64 bytes

Option byte areaNote 3

4 bytes

Program area

On-chip debug security
ID setting areaNote 3

10 bytes

0 1 F F F H

Boot cluster 0Note 4

Boot cluster 1

0 1 0 C D H
0 1 0 C E H

On-chip debug security
ID setting areaNote 3

10 bytes

0 0 0 C D H
0 0 0 C E H

Special function register (SFR) 
256 bytes

General-purpose register 
32 bytes

RAMNotes 1, 2

3 KB

Mirror 
56.75 KB

Reserved

Special function register (2nd SFR) 
2 KB

Reserved

Flash memory 
64 KB

 
 

Notes 1.  While using the self-programming function, the area FFE20H to FFEFFH cannot be used as stack memory. 

Furthermore, the areas of FF300H to FF6FFH also cannot be used with the μPD78F1003, 78F1006 and 

78F1009. 

 2. Instructions can be executed from the RAM area excluding the general-purpose register area. 

 3. When boot swap is not used:  Set the option bytes to 000C0H to 000C3H, and the on-chip debug security 

IDs to 000C4H to 000CDH. 

  When boot swap is used:  Set the option bytes to 000C0H to 000C3H and 010C0H to 010C3H, and the 

on-chip debug security IDs to 000C4H to 000CDH and 010C4H to 010CDH. 

 4. Writing boot cluster 0 can be prohibited depending on the setting of security (see 26.7  Security Setting). 
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4.2.3  ES and CS registers 

The ES register is used for data access and the CS register is used to specify the higher address when a branch 

instruction is executed. 

The default value of the ES register after reset is 0FH, and that of the CS register is 00H. 

 

Figure 4-25.  Configuration of ES and CS Registers 

0 0 0 0 ES3 ES2 ES1 ES0

7 0

ES

6 5 4 3 2 1

0 0 0 0 CS3 CP2 CP1 CP0

7 0

CS

6 5 4 3 2 1
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4.4.7  Based addressing 

 

[Function] 

Based addressing uses the contents of a register pair specified with the instruction word as a base address, and 8-

bit immediate data or 16-bit immediate data as offset data.  The sum of these values is used to specify the target 

address. 

 

[Operand format] 

 

Identifier Description 

− [HL + byte], [DE + byte], [SP + byte] (only the space from F0000H to FFFFFH is specifiable) 

− word[B], word[C] (only the space from F0000H to FFFFFH is specifiable) 

− word[BC] (only the space from F0000H to FFFFFH is specifiable) 

− ES:[HL + byte], ES:[DE + byte] (higher 4-bit addresses are specified by the ES register) 

− ES:word[B], ES:word[C] (higher 4-bit addresses are specified by the ES register) 

− ES:word[BC] (higher 4-bit addresses are specified by the ES register) 

 

Figure 4-39.  Example of [SP+byte] 

 

Target memory

OP code

Memory

byte

FFFFFH

F0000H

SP
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Figure 6-11.  Block Diagram of P15 

 

P15/RTCDIV/RTCCL

WRPU

RD

WRPORT

WRPM

PU15

PM15

P-ch

PU1

PM1

P1

Alternate
function

Output latch
(P15)

In
te

rn
al

 b
us S
el

ec
to

r

EVDD0, EVDD1

 
 

P1: Port register 1 

PU1: Pull-up resistor option register 1 

PM1: Port mode register 1 

RD: Read signal 

WR××: Write signal 

 

 

 



 

78K0R/Kx3-L  CHAPTER  8   TIMER  ARRAY  UNIT 

R01UH0106EJ0400  Rev.4.00   406  
Mar 31, 2011 

Figure 8-10.  Format of Timer Clock Select register m (TPSm) 

 

Address: F01B6H, F01B7H (TPS0)     After reset: 0000H     R/W 

 F01DEH, F01DFH (TPS1) 

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

TPSm 0 0 0 0 0 0 0 0 PRS

m13 

PRS

m12 

PRS

m11 

PRS

m10 

PRS

m03 

PRS

m02 

PRS

m01 

PRS

m00 

 

Selection of operation clock (CKmk) Note PRS

mk3 

PRS

mk2 

PRS

mk1 

PRS

mk0  fCLK = 2 MHz fCLK = 5 MHz fCLK = 10 MHz fCLK = 20 MHz 

0 0 0 0 fCLK 2 MHz 5 MHz 10 MHz 20 MHz 

0 0 0 1 fCLK/2 1 MHz 2.5 MHz 5 MHz 10 MHz 

0 0 1 0 fCLK/22 500 kHz 1.25 MHz 2.5 MHz 5 MHz 

0 0 1 1 fCLK/23 250 kHz 625 kHz 1.25 MHz 2.5 MHz 

0 1 0 0 fCLK/24 125 kHz 312.5 kHz 625 kHz 1.25 MHz 

0 1 0 1 fCLK/25 62.5 kHz 156.2 kHz 312.5 kHz 625 kHz 

0 1 1 0 fCLK/26 31.25 kHz 78.1 kHz 156.2 kHz 312.5 kHz 

0 1 1 1 fCLK/27 15.62 kHz 39.1 kHz 78.1 kHz 156.2 kHz 

1 0 0 0 fCLK/28 7.81 kHz 19.5 kHz 39.1 kHz 78.1 kHz 

1 0 0 1 fCLK/29 3.91 kHz 9.76 kHz 19.5 kHz 39.1 kHz 

1 0 1 0 fCLK/210 1.95 kHz 4.88 kHz 9.76 kHz 19.5 kHz 

1 0 1 1 fCLK/211 976 Hz 2.44 kHz 4.88 kHz 9.76 kHz 

1 1 0 0 fCLK/212 488 Hz 1.22 kHz 2.44 kHz 4.88 kHz 

1 1 0 1 fCLK/213 244 Hz 610 Hz 1.22 kHz 2.44 kHz 

1 1 1 0 fCLK/214 122 Hz 305 Hz 610 Hz 1.22 kHz 

1 1 1 1 fCLK/215 61 Hz 153 Hz 305 Hz 610 Hz 

Note When changing the clock selected for fCLK (by changing the system clock control register (CKC) 

value), stop timer array unit (TTm = 00FFH). 

 The timer array unit must also be stopped if the operating clock specified by using the CKSmn bit 

(fMCK), the valid edge of the signal input from the TImn pin, or the subsystem clock divided by 4 

(fSUB/4) is selected as the count clock (fTCLK). 

 

Caution Be sure to clear bits 15 to 8 to “0”. 

 

Remarks 1. fCLK: CPU/peripheral hardware clock frequency 

 2. m: Unit number (m = 0, 1), k = 0, 1 

  78K0R/KC3-L, 78K0R/KD3-L, 78K0R/KE3-L: m = 0 

  78K0R/KF3-L, 78K0R/KG3-L: m = 0, 1 
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(3)  Operation of TOmn pin in slave channel output mode (TOMmn = 1) 
 

(a)  When timer output level register m (TOLm) setting has been changed during timer operation 

When the TOLm register setting has been changed during timer operation, the setting becomes valid at the 

generation timing of the TOmn pin change condition.  Rewriting the TOLm register does not change the output 

level of the TOmn pin. 

The operation when TOMmn is set to 1 and the value of the TOLm register is changed while the timer is 

operating (TEmn = 1) is shown below. 

 
Figure 8-34.  Operation when TOLm Register Has Been Changed during Timer Operation 

 
Output set signal

(Internal signal)

Output reset signal
(Internal signal)

TOLmn

TOmn pin

Set/reset signals are invertedTOmn does not change  
 

Remarks 1.  Set: The output signal of the TOmn pin changes from inactive level to active level. 

Reset: The output signal of the TOmn pin changes from active level to inactive level. 

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

 However, in case of 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 8-63.  Example of Set Contents of Registers When One-Shot Pulse Output Function Is Used (Master Channel) 
 

(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 
1 

STSmn2

0 

STSmn1

0 

STSmn0

1 

CISmn1

1/0 

CISmn0

1/0 

 

0 

 

0 

MDmn3 

1 

MDmn2 

0 

MDmn1 

0 

MDmn0

0 

 

                                   
                                   
                        
                        
                      

Operation mode of channel n 

100B: One-count mode   
                                   
                         
                         
                         

 Start trigger during operation 

0: Trigger input is invalid. 
                                   
                     
                     
                     
                     
                     

Selection of TImn pin input edge 

00B: Detects falling edge. 

01B: Detects rising edge. 

10B: Detects both edges. 

11B: Setting prohibited 
                                   
                
                

Start trigger selection 

001B: Selects the TImn pin input valid edge. 
                                   
            
            

Slave/master selection 

1: Master channel. 
                                   
          
          

Count clock selection 

0: Selects operation clock. 
                                   
    
    

Operation clock selection 

0: Selects CKm0 as operation clock of channels n. 

1: Selects CKm1 as operation clock of channels n. 
 

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

TOm TOmn 

0 
 0: Outputs 0 from TOmn. 

 

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

TOEm TOEmn 

0 

 0: Stops 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, 2, 4, 6) 

78K0R/KC3-L, 78K0R/KD3-L, 78K0R/KE3-L: mn = 00, 02, 04, 06 

78K0R/KF3-L, 78K0R/KG3-L: mn = 00, 02, 04, 06, 10, 12  
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11.4  Operations of Clock Output/Buzzer Output Controller 
 

One pin can be used to output a clock or buzzer sound. 

The PCLBUZ0 pin outputs a clock/buzzer selected by the clock output select register 0 (CKS0). 

The PCLBUZ1 pin outputs a clock/buzzer selected by the clock output select register 1 (CKS1). 

 

11.4.1  Operation as output pin 

The PCLBUZn pin is output as the following procedure. 

 

<1> Select the output frequency with bits 0 to 3 (CCSn0 to CCSn2, CSELn) of the clock output select register (CKSn) 

of the PCLBUZn pin (output in disabled status).  

<2> Set bit 7 (PCLOEn) of the CKSn register to 1 to enable clock/buzzer output.  

 

Remarks 1. The controller used for outputting the clock starts or stops outputting the clock one clock after enabling or 

disabling clock output (PCLOEn bit) is switched.  At this time, pulses with a narrow width are not output.  

Figure 11-4 shows enabling or stopping output using the PCLOEn bit and the timing of outputting the clock. 

 2. n = 0: 78K0R/KC3-L (48-pin), 78K0R/KD3-L 

  n = 0, 1: 78K0R/KE3-L, 78K0R/KF3-L, 78K0R/KG3-L 

 

Figure 11-4.  Remote Control Output Application Example 

 
PCLOEn

1 clock elapsed

Narrow pulses are not recognized

Clock output
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(8) Port mode registers 2, 15, and 8 Note (PM2, PM15, PM8 Note) 

When using the ANI0/P20 to ANI7/P27, ANI8/P150 to ANI15/P157, and PGAI/P80 pins for analog input port, set the 

PM20 to PM27, PM150 to PM157, and PM80 bits to 1.  The output latches of P20 to P27, P150 to P157, and P80 at 

this time may be 0 or 1. 

If the PM20 to PM27, PM150 to PM157, and PM80 bits are set to 0, they cannot be used as analog input port pins. 

The PM2, PM15, and PM8 register can be set by a 1-bit or 8-bit memory manipulation instruction. 

Reset signal generation sets these registers to FFH.  

 

Note Port mode register 8 is set only in the 78K0R/KC3-L, 78K0R/KD3-L, and 78K0R/KE3-L. 

 

Caution If a pin is set as an analog input port, not the pin level but “0” is always read. 

 

Remark P20/ANI0 to P27/ANI7, P150/ANI8, P151/ANI9: 78K0R/KC3-L (40-pin, 44-pin) 

 P20/ANI0 to P27/ANI7, P150/ANI8 to P152/ANI10: 78K0R/KC3-L (48-pin) and 78K0R/KD3-L 

 P20/ANI0 to P27/ANI7, P150/ANI8 to P153/ANI11: 78K0R/KE3-L, 78K0R/KF3-L 

 P20/ANI0 to P27/ANI7, P150/ANI8 to P157/ANI15: 78K0R/KG3-L 

 

Figure 13-11.  Formats of Port Mode Registers 2, 15, and 8 (PM2, PM15, PM8) (78K0R/KE3-L) 

 

Address: FFF22H     After reset: FFH     R/W 

Symbol 7 6 5 4 3 2 1 0 

PM2 PM27 PM26 PM25 PM24 PM23 PM22 PM21 PM20 

 

Address: FFF28H     After reset: FFH     R/W 

Symbol 7 6 5 4 3 2 1 0 

PM8 1 1 1 1 PM83 PM82 PM81 PM80 

 

Address: FFF2FH     After reset: FFH     R/W 

Symbol 7 6 5 4 3 2 1 0 

PM15 1 1 1 1 PM153 PM152 PM151 PM150 

 

PMmn Pmn pin I/O mode selection (mn = 20 to 27, 150 to 153, 80 to 83) 

0 Output mode (output buffer on) 

1 Input mode (output buffer off) 

 

Remark The figure shown above presents the format of port mode registers 2, 8 and 15 of the 78K0R/KE3-L 

product.  See below for the format of the port mode registers of other products. 

78K0R/KC3-L, 78K0R/KD3-L, 78K0R/KE3-L: 5.3 (1) Port mode registers (PMxx). 

78K0R/KF3-L, 78K0R/KG3-L:  6.3 (1) Port mode registers (PMxx).  
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(1) Register setting 
 

Figure 14-60.  Example of Contents of Registers for Slave Reception of 3-Wire Serial I/O  

(CSI00, CSI01, CSI10, CSI20, CSI40, CSI41) (1/2) 
 

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

SMRmn CKSmn 

0/1 
CCSmn 

1 
 

0 
 

0 

 

0 

 

0 

 

0 

STSmn

0 

 

0 

SISmn0

0 

 

1 

 

0 

 

0 

MDmn2 

0 

MDmn1 

0 

MDmn0

0 

 

                                   

      

      

      

      

  

Operation clock (fMCK) of channel n 
0: Prescaler output clock CKm0 set by the SPSm register 
1: Prescaler output clock CKm1 set by the SPSm register 
 

   

  Interrupt source of channel n
0: Transfer end interrupt

 

 
 (b) Serial communication operation setting register mn (SCRmn) 

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

SCRmn TXEmn 

0 
RXEmn 

1 
DAPmn

0/1 
CKPmn 

0/1 

 

0 

EOCmn

0 

PTCmn1

0 

PTCmn0

0 

DIRmn

0/1 

 

0 

SLCmn1

0 

SLCmn0

0 

 

0 

DLSmn2 

1 

DLSmn1 

1 

DLSmn0

0/1 

 

                                   

               

   

  

 

 

  

Selection of the data and clock 
phase (For details about the 
setting, see 14.3 Registers 
Controlling Serial Array Unit.) 

 

Selection of data transfer sequence  
0: Inputs/outputs data with MSB first 
1: Inputs/outputs data with LSB first. 

Setting of data length
0: 7-bit data length
1: 8-bit data length  

 

 
 (c) Serial data register mn (SDRmn) (lower 8 bits: SIOp) 

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

SDRmn 0000000 
Baud rate setting 

 

0 

 
Receive data 

 

 
 
 
(d) Serial output register m (SOm) …The Register that not used in this mode. 

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

SOm  
0 

 

0 
 

0 
 

0 

 

1 

CKOm2

× 

CKOm1

× 

CKOm0

× 

 

0 

 

0 

 

0 

 

0 

 

1 

SOm2 

× 

SOm1 

× 

SOm0

× 

 

                  

                  

                  

 

 

Notes 1. Those bits are invalid while operating serial allay unit 1. 

2. Those bits are invalid while operating serial allay unit 2. 

 

(Remark is listed on the next page.) 

 

 

 
 

SIOp 

<R> 

 

 



 

78K0R/Kx3-L  CHAPTER  14   SERIAL  ARRAY  UNIT 

R01UH0106EJ0400  Rev.4.00   686  
Mar 31, 2011 

Table 14-2.  Selection of Operation Clock For 3-Wire Serial I/O 

SMRmn 
Register 

SPSm Register Operation Clock (fMCK) Note 1 

CKSmn PRS 
m13 

PRS 
m12 

PRS 
m11 

PRS 
m10 

PRS 
m03 

PRS
m02

PRS
m01

PRS
m00

 fCLK = 20 MHz 

X X X X 0 0 0 0 fCLK 20 MHz 

X X X X 0 0 0 1 fCLK/2 10 MHz 

X X X X 0 0 1 0 fCLK/22 5 MHz 

X X X X 0 0 1 1 fCLK/23 2.5 MHz 

X X X X 0 1 0 0 fCLK/24 1.25 MHz 

X X X X 0 1 0 1 fCLK/25 625 kHz 

X X X X 0 1 1 0 fCLK/26 313 kHz 

X X X X 0 1 1 1 fCLK/27 156 kHz 

X X X X 1 0 0 0 fCLK/28 78.1 kHz 

X X X X 1 0 0 1 fCLK/29 39.1 kHz 

X X X X 1 0 1 0 fCLK/210 19.5 kHz 

X X X X 1 0 1 1 fCLK/211 9.77 kHz 

0 

X X X X 1 1 1 1 INTTM02 if m = 0 Note 2, setting prohibited if m = 1 

0 0 0 0 X X X X fCLK 20 MHz 

0 0 0 1 X X X X fCLK/2 10 MHz 

0 0 1 0 X X X X fCLK/22 5 MHz 

0 0 1 1 X X X X fCLK/23 2.5 MHz 

0 1 0 0 X X X X fCLK/24 1.25 MHz 

0 1 0 1 X X X X fCLK/25 625 kHz 

0 1 1 0 X X X X fCLK/26 313 kHz 

0 1 1 1 X X X X fCLK/27 156 kHz 

1 0 0 0 X X X X fCLK/28 78.1 kHz 

1 0 0 1 X X X X fCLK/29 39.1 kHz 

1 0 1 0 X X X X fCLK/210 19.5 kHz 

1 0 1 1 X X X X fCLK/211 9.77 kHz 

1 

1 1 1 1 X X X X INTTM02 if m = 0 Note 2, setting prohibited if m = 1 

Other than above Setting prohibited 

Notes 1. When changing the clock selected for fCLK (by changing the system clock control register (CKC) value), 
do so after having stopped (serial channel stop register m (STm) = 000FH) the operation of the serial 
array unit (SAU).  When selecting INTTM02 for the operation clock, also stop the timer array unit 0 (timer 
channel stop register 0 (TT0) = 00FFH). 

2. SAU0 can be operated at a fixed division ratio of the subsystem clock, regardless of the fCLK frequency 
(main system clock, sub system clock), by operating the interval timer for which fSUB/4Note 3 has been 
selected as the count clock (setting the TIS02 bit of timer input select register 0 (TIS0) to 1) and 
selecting INTTM02 by using the SPS0 register in channel 2 of TAU0.  When changing fCLK, however, 
SAU0 and TAU0 must be stopped as described in Note 1 above. 

3. The 78K0R/KC3-L (40-pin) doesn’t have the subsystem clock. 

 

Remarks 1. X: Don’t care 

 2. m: Unit number (m = 0 to 2), n: Channel number (n = 0 to 2) 
78K0R/KC3-L, 78K0R/KD3-L, 78K0R/KE3-L:  mn = 00 to 02 
78K0R/KF3-L (μ PD78F1010, 78F1011, 78F1012): mn = 00 to 02, 10 
78K0R/KF3-L (μ PD78F1027, 78F1028): mn = 00 to 02, 10, 20, 21 
78K0R/KG3-L (μ PD78F1013, 78F1014): mn = 00 to 02, 10 
78K0R/KG3-L (μ PD78F1029, 78F1030): mn = 00 to 02, 10, 20, 21 
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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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17.5  Example of Setting of DMA Controller 
 

17.5.1  CSI consecutive transmission 

A flowchart showing an example of setting for CSI consecutive transmission is shown below. 

• Consecutive transmission of CSI10 (256 bytes) 

• DMA channel 0 is used for DMA transfer. 

• DMA start source: INTCSI10 (software trigger (STG0) only for the first start source) 

• Interrupt of CSI10 is specified by IFC03 to IFC00 = 1000B. 

• Transfers FFB00H to FFBFFH (256 bytes) of RAM to FFF44H of the data register (SIO10) of CSI. 

 

Remark IFC03 to IFC00: Bits 3 to 0 of DMA mode control registers 0 (DMC0) 
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Table 29-5.  Operation List (17/17) 

Clocks Flag Instruction 

Group 

Mnemonic Operands Bytes 

Note 1 Note 2

Operation 

Z AC CY

saddr.bit, $addr20 4 3/5Note 3 − PC ← PC + 4 + jdisp8 if (saddr).bit = 0    

sfr.bit, $addr20 4 3/5Note 3 − PC ← PC + 4 + jdisp8 if sfr.bit = 0    

A.bit, $addr20 3 3/5Note 3 − PC ← PC + 3 + jdisp8 if A.bit = 0    

PSW.bit, $addr20 4 3/5Note 3 − PC ← PC + 4 + jdisp8 if PSW.bit = 0    

[HL].bit, $addr20 3 3/5Note 3 6/7 PC ← PC + 3 + jdisp8 if (HL).bit = 0    

BF 

ES:[HL].bit, $addr20 4 4/6Note 3 7/8 PC ← PC + 4 + jdisp8 if (ES, HL).bit = 0    

saddr.bit, $addr20 4 3/5Note 3 − PC ← PC + 4 + jdisp8 if (saddr).bit = 1 

then reset (saddr).bit 

   

sfr.bit, $addr20 4 3/5Note 3 − PC ← PC + 4 + jdisp8 if sfr.bit = 1 

then reset sfr.bit 

   

A.bit, $addr20 3 3/5Note 3 − PC ← PC + 3 + jdisp8 if A.bit = 1 

then reset A.bit 

   

PSW.bit, $addr20 4 3/5Note 3 − PC ← PC + 4 + jdisp8 if PSW.bit = 1 

then reset PSW.bit 

× × × 

[HL].bit, $addr20 3 3/5Note 3 − PC ← PC + 3 + jdisp8 if (HL).bit = 1 

then reset (HL).bit 

   

Condition

al branch 

BTCLR 

ES:[HL].bit, $addr20 4 4/6Note 3 − PC ← PC + 4 + jdisp8 if (ES, HL).bit = 1 

then reset (ES, HL).bit 

   

SKC − 2 1 − Next instruction skip if CY = 1    

SKNC − 2 1 − Next instruction skip if CY = 0    

SKZ − 2 1 − Next instruction skip if Z = 1    

SKNZ − 2 1 − Next instruction skip if Z = 0    

SKH − 2 1 − Next instruction skip if (Z ∨ CY) = 0    

Conditional 

skip 

SKNH − 2 1 − Next instruction skip if (Z ∨ CY) = 1    

SEL RBn 2 1 − RBS[1:0] ← n    

NOP − 1 1 − No Operation    

EI − 3 4 − IE ← 1(Enable Interrupt)    

DI − 3 4 − IE ← 0(Disable Interrupt)    

HALT − 2 3 − Set HALT Mode    

CPU 

control 

STOP − 2 3 − Set STOP Mode    
          

Notes 1. When the internal RAM area, SFR area, or extended SFR area is accessed, or for an instruction with no data 

access. 

 2. When the program memory area is accessed.   

 3. This indicates the number of clocks “when condition is not met/when condition is met”. 

 

Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fCPU) selected by the system clock control  

register (CKC). 

 2. This number of clocks is for when the program is in the internal ROM (flash memory) area. When fetching an 

instruction from the internal RAM area, the number of clocks is twice the number of clocks plus 3, maximum. 

3.  n indicates the number of register banks (n = 0 to 3) 
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Caution The pins mounted depend on the product. Refer to Caution 2 at the beginning of this chapter. 

 

(5) Communication at different potential (2.5 V, 3 V) (UART mode) (dedicated baud rate generator output) (2/2) 

 (TA = −40 to +85°C, 2.7 V ≤ VDD = EVDD ≤ 5.5 V, VSS = EVSS = AVSS = 0 V) 

Parameter Symbol Conditions MIN. TYP. MAX. Unit 

   Note 1  4.0 V ≤ VDD ≤ 5.5 V, 

2.7 V ≤ Vb ≤ 4.0 V fCLK = 16.8 MHz, fMCK = fCLK, 

Cb = 50 pF, Rb = 1.4 kΩ, Vb = 2.7 V 

  2.8Note 2 Mbps 

   Note 3  

Transfer rate  Transmission 

2.7 V ≤ VDD ≤ 4.0 V, 

2.3 V ≤ Vb ≤ 2.7 V fCLK = 19.2 MHz, fMCK = fCLK, 

Cb = 50 pF, Rb = 2.7 kΩ, Vb = 2.3 V 

  1.2Note 4 Mbps 

Notes 1. The smaller maximum transfer rate derived by using fMCK/6 or the following expression is the valid maximum 

transfer rate. 

  Expression for calculating the transfer rate when 4.0 V ≤ VDD = EVDD ≤ 5.5 V and 2.7 V ≤ Vb ≤ 4.0 V 
 

1 
Maximum transfer rate = 

2.2 
 

{−Cb × Rb × ln (1− 
Vb 

)} × 3 
[bps] 
 

 
  1 2.2   

 Transfer rate × 2 
−{ −Cb × Rb × ln (1 −

Vb 
)} 

 Baud rate error (theoretical value) = 
 1  

× 100 [%] 

  
( 

Transfer rate 
) ×Number of transferred bits 

  

*  This value is the theoretical value of the relative difference between the transmission and reception sides. 

 2. This value as an example is calculated when the conditions described in the “Conditions” column are met.  

Refer to Note 1 above to calculate the maximum transfer rate under conditions of the customer. 

 3. The smaller maximum transfer rate derived by using fMCK/6 or the following expression is the valid maximum 

transfer rate. 

  Expression for calculating the transfer rate when 2.7 V ≤ VDD = EVDD ≤ 4.0 V and 2.3 V ≤ Vb ≤ 2.7 V 
 

1 
Maximum transfer rate = 

2.0 
 

{−Cb × Rb × ln (1− 
Vb 

)} × 3 
[bps] 
 

 
  1 2.0   

 Transfer rate × 2 
−{ −Cb × Rb × ln (1 −

Vb 
)} 

 Baud rate error (theoretical value) = 
 1  

× 100 [%] 

  
( 

Transfer rate 
) ×Number of transferred bits 

  

*  This value is the theoretical value of the relative difference between the transmission and reception sides. 

 4. This value as an example is calculated when the conditions described in the “Conditions” column are met.  

Refer to Note 3 above to calculate the maximum transfer rate under conditions of the customer. 

 

Caution Select the TTL input buffer for  the RxDq pin and the N-ch open drain output (VDD tolerance) mode for 

the TxDq pin by using port input mode register g (PIMg) and port output mode register g (POMg). 

 

(Remarks are given on the next page.) 
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31.3.4  Recommended oscillator circuit constants  

 
(1) X1 oscillation: Ceramic resonator (AMPH = 0, RMC = 00H, TA = −40 to +85°C) 

Recommended Circuit Constants Oscillation 

Voltage Range 

Manufacturer Part Number SMD/ 

Lead 

Frequency 

(MHz) 

C1 (pF) C2 (pF) Rd (kΩ) MIN. (V) MAX. (V)

CSTCC2M00G56-R0 SMD 2.0 Internal (47) Internal (47) 0 

CSTCR4M00G55-R0 SMD Internal (39) Internal (39) 0 

CSTLS4M00G56-B0 Lead 

4.0 

Internal (47) Internal (47) 0 

CSTCR4M19G55-R0 SMD Internal (39) Internal (39) 0 

CSTLS4M19G56-B0 Lead 

4.194 

Internal (47) Internal (47) 0 

CSTCR4M91G55-R0 SMD Internal (39) Internal (39) 0 

CSTLS4M91G53-B0 Lead 

4.915 

Internal (15) Internal (15) 0 

CSTCR5M00G55-R0 SMD Internal (39) Internal (39) 0 

CSTLS5M00G53-B0 Lead 

5.0 

Internal (15) Internal (15) 0 

CSTCR6M00G53-R0 SMD Internal (15) Internal (15) 0 

CSTLS6M00G53-B0 Lead 

6.0 

Internal (15) Internal (15) 0 

CSTCE8M00G55-R0 SMD Internal (33) Internal (33) 0 

CSTLS8M00G53-B0 Lead 

8.0 

Internal (15) Internal (15) 0 

CSTCE8M38G55-R0 SMD Internal (33) Internal (33) 0 

CSTLS8M38G53-B0 Lead 

8.388 

Internal (15) Internal (15) 0 

CSTCE10M0G52-R0 SMD Internal (10) Internal (10) 0 

Murata 

Manufacturing 

Co., Ltd. 

CSTLS10M0G53-B0 Lead 

10.0 

 Internal (15) Internal (15) 0 

1.8 5.5 

 

Caution The oscillator constants shown above are reference values based on evaluation in a specific 

environment by the resonator manufacturer.  If it is necessary to optimize the oscillator 

characteristics in the actual application, apply to the resonator manufacturer for evaluation on the 

implementation circuit.  The oscillation voltage and oscillation frequency only indicate the oscillator 

characteristic.  Use the 78K0R/KF3-L, 78K0R/KG3-L so that the internal operation conditions are 

within the specifications of the DC and AC characteristics. 
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Caution The pins mounted depend on the product. Refer to Caution 2 at the beginning of this chapter. 

 
(TA = −40 to +85°C, 1.8 V ≤ VDD = EVDD0 = EVDD1 ≤ 5.5 V, 1.8 V ≤ AVREF ≤ VDD, VSS = EVSS0 = EVSS1 = AVSS 
= 0 V) 

Items Symbol Conditions MIN. TYP. MAX. Unit 

On-chip pll-up 

resistance 

RU P00 to P06, P10 to P17, P30, 

P31, P40 to P47, P50 to P57, 

P64 to P67, P70 to P77,  

P80 to P87, P90, P91, P110, 

P111, P120, P131, P140 to 

P145 

VI = VSS, In input port 10 20 100 kΩ 

FLMD0 pin 

external pull-down 

resistance Note  

RFLMD0 When enabling the self-programming mode setting with 
software 

100   kΩ 

 

Note It is recommended to leave the FLMD0 pin open.  If the pin is required to be pulled down externally, set RFLMD0 

to 100 kΩ or more. 

 
78K0R/KF3-L,
78K0R/KG3-L

FLMD0 pin

RFLMD0

 
 

 

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of  the port 

pins. 
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Caution The pins mounted depend on the product. Refer to Caution 2 at the beginning of this chapter. 

 

(7) Communication at different potential (2.5 V, 3 V)  (CSI mode) (slave mode, SCKp... external clock input) 

 (TA = −40 to +85°C, 2.7 V ≤ VDD = EVDD0 = EVDD1 ≤ 5.5 V, VSS = EVSS0 = EVSS1 = AVSS = 0 V) 

Parameter Symbol Conditions MIN. TYP. MAX. Unit 

13.6 MHz < fMCK 10/fMCK   ns 

6.8 MHz < fMCK  ≤ 13.6 MHz 8/fMCK   ns 

4.0 V ≤ VDD ≤ 5.5 V, 

2.7 V ≤ Vb ≤ 4.0 V 

fMCK  ≤ 6.8 MHz 6/fMCK   ns 

18.5 MHz < fMCK 16/fMCK   ns 

14.8 MHz < fMCK  ≤ 18.5 MHz 14/fMCK   ns 

11.1 MHz < fMCK  ≤ 14.8 MHz 12/fMCK   ns 

7.4 MHz < fMCK  ≤ 11.1 MHz 10/fMCK   ns 

3.7 MHz < fMCK  ≤ 7.4 MHz 8/fMCK   ns 

SCKp cycle time tKCY2 

2.7 V ≤ VDD < 4.0 V, 

2.3 V ≤ Vb ≤ 2.7 V 

fMCK  ≤ 3.7 MHz 6/fMCK   ns 

4.0 V ≤ VDD ≤ 5.5 V, 2.7 V ≤ Vb ≤ 4.0 V tKCY2/2 − 

20 

  ns SCKp high-/low-level 

width 

tKH2, 

tKL2 

2.7 V ≤ VDD < 4.0 V, 2.3 V ≤ Vb ≤ 2.7 V tKCY2/2 − 

35 

  ns 

SIp setup time 

(to SCKp↑) Note 1 

tSIK2  90   ns 

SIp hold time 

(from SCKp↑) Note 2 

tKSI2  1/fMCK + 50   ns 

4.0 V ≤ VDD ≤ 5.5 V, 2.7 V ≤ Vb ≤ 4.0 V, 

Cb = 30 pF, Rb = 1.4 kΩ 

  2/fMCK + 120 ns Delay time from SCKp↓ to 

SOp output Note 3 

tKSO2 

2.7 V ≤ VDD < 4.0 V, 2.3 V ≤ Vb ≤ 2.7 V, 

Cb = 30 pF, Rb = 2.7 kΩ 

  2/fMCK + 230 ns 

 

Notes 1. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.  The SIp setup time becomes “to SCKp↓” 

when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0. 

 2. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.  The SIp hold time becomes “from SCKp↓” 

when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0. 

 3. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.  The delay time to SOp output becomes 

“from SCKp↑” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0. 
 

CSI mode connection diagram (during communication at different potential) 

 

User's device

<Slave>

SCKp

SOp

SCK

SI

SIp SO

Vb

Rb

78K0R/KF3-L,
78K0R/KG3-L

 
 

(Caution and Remark are given on the next page.) 
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Caution The pins mounted depend on the product. Refer to Caution 2 at the beginning of this chapter. 
 

31.6.6  Supply voltage rise time 

 

(TA = −40 to +85°C, VSS = 0 V) 

Parameter Symbol Conditions MIN. TYP. MAX. Unit 

Maximum time to rise to 

1.8 V (VDD (MIN.)) Note 

(VDD: 0 V → 1.8 V) 

tPUP1 LVI default start function stopped 

is set (LVIOFF (Option Byte) = 1), 

when RESET input is not used 

  3.6 ms 

Maximum time to rise to 

1.8 V (VDD (MIN.)) Note  

(releasing RESET input → VDD: 1.8 V) 

tPUP2 LVI default start function stopped 

is set (LVIOFF (Option Byte) = 1),

when RESET input is used 

  1.88 ms 

Note Make sure to raise the power supply in a shorter time than this.  
 

Supply Voltage Rise Time Timing 
 

• When the RESET pin input is not used • When  the RESET pin input is used (when external reset 

is released by the RESET pin, after POC has been

released) 

 

1.8 V

0 V

POC internal
signal

tPUP1

Supply voltage
(VDD)

Time

 

 

1.8 V

tPUP2

0 V

POC internal
signal

RESET pin

Internal reset
signal

Supply voltage
(VDD)

Time

 
 

 

 


