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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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The list of functions in the 78K0/Lx3 Microcontrollers is shown below. (1/3) 
78K0/LC3 78K0/LD3 

μPD78F040x μPD78F041x μPD78F042x μPD78F043x 

Part Number 

 

Item 48 Pins 52 Pins 

Flash memory (KB) 8 16 24 32 8 16 24 32 8 16 24 32 8 16 24 32 

RAM (KB) 0.5 0.75 1 1 0.5 0.75 1 1 0.5 0.75 1 1 0.5 0.75 1 1 

Power supply voltage VDD = 1.8 to 5.5 V 

Regulator Provided 

Minimum instruction 
execution time 

0.2 μs (10 MHz: VDD = 2.7 to 5.5 V)/ 0.4 μs (5 MHz: VDD = 1.8 to 5.5 V) 

High-speed system 
clock 

10 MHz: VDD = 2.7 to 5.5 V/5 MHz: VDD = 1.8 to 5.5 V 

M
ai

n 

Internal high-speed 
oscillation clock 

8 MHz (TYP.): VDD = 1.8 to 5.5 V 

Subclock 32.768 kHz (TYP.): VDD = 1.8 to 5.5 V C
lo

ck
 

Internal low-speed 
oscillation clock 

240 kHz (TYP.): VDD = 1.8 to 5.5 V 

P
or

t Total 30 34 

16 bits (TM0) 1 ch 

8 bits (TM5) 3 ch 

8 bits (TMH) 3 ch 

RTC 1 ch 

T
im

er
 

WDT 1 ch 

3-wire CSI − 1 chNote 1 

UART 1 ch 1 chNote 1 

S
er

ia
l i

nt
er

fa
ce

 

UART supporting LIN-
bus 

1 chNote 2 1 chNote 3 

Type External resistance division and internal resistance division are switchable. 

Segment signal 22 (18) [20 (16)] Note 4, 5 24 (20) [21 (17)] Note 4, 5 

LC
D

 

Common signal 4 (8)Note 4 

10-bit successive 
approximation type A/D 

− 6 ch − 6 ch 

16-bit ΔΣ type A/D − 

External 5 

In
te

rr
up

t 

Internal 17 18 19 20 

Segment key source signal 
output 

8 ch 8 ch 

Key interrupt 3 ch 5 ch 

RESET pin Provided 

POC 1.59 V ±0.15 V (Time for rising up to 1.8 V : 3.6 ms (MAX.)) 

LVI The detection level of the supply voltage is selectable in 16 steps. R
es

et
 

WDT Provided 

Clock output − 

Buzzer output Provided 

Remote controller receiver − Provided 

MCG Provided 

On-chip debug  function Provided 

Operating ambient temperature TA = −40 to +85°C 

Notes 1. Since 3-wire CSI and UART are used as alternate-function pins, they must be assigned to either of the functions for use. 
 2. The LIN-bus supporting UART pins can be changed to the UART pins (pin numbers 47 and 48). 
 3. The LIN-bus supporting UART pins can be changed to the 3-wire CSI/UART pins (pin numbers 50 and 51). 
 4. The values in parentheses are the number of signal outputs when 8com is used. 
 5. The values in square brackets are the number of signal outputs when using the UART6 pins (RxD6, TxD6) 

on the bottom side. 
<R> 
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(2) Non-port pins  (3/3) 

Function Name I/O Function After Reset Alternate Function 

RxD0 P12/SI10/<RxD6> 

RxD6 P113/SEG15 

<RxD6> 

Input Serial data input to asynchronous serial interface Input port 

P12/SI10/RxD0 

SI10 Input Serial data input to CSI10 Input port P12/RxD0/<RxD6>

SO10 Output Serial data output from CSI10 Input port P13/TxD0/<TxD6> 

SCK10 I/O Clock input/output for CSI10 Input port P11 

TI000 External count clock input to 16-bit timer/event counter 00 

Capture trigger input to capture registers (CR000, CR010) of 

16-bit timer/event counter 00 

P33/RTCDIV/ 

RTCCL/BUZ/ 

INTP2 

TI010 

Input 

Capture trigger input to capture register (CR000) of 16-bit 

timer/event counter 00 

Input port 

P34/TI52/TO00/ 

RTC1HZ/INTP1 

TI50 External count clock input to 8-bit timer/event counter 50 P44/TO50/KR4 

TI51 External count clock input to 8-bit timer/event counter 51 P43/TO51/KR3 

TI52 

Input 

External count clock input to 8-bit timer/event counter 52 

Input port 

P34/TI010/TO00/ 

RTC1HZ/INTP1 

TO00 Output 16-bit timer/event counter 00 output Input port P34/TI52/TI010/ 

RTC1HZ/INTP1 

TO50 8-bit timer/event counter 50 output P44/TI50/KR4 

TO51 

Output 

8-bit timer/event counter 51 output 

Input port 

P43/TI51/KR3 

TOH0 8-bit timer H0 output P32/MCGO 

TOH1 

Output 

8-bit timer H1 output 

Input port 

P31/INTP3 

TxD0 P13/SO10/<TxD6>

TxD6 P112/SEG14 

<TxD6> 

Output Serial data output from asynchronous serial interface Input port 

P13/SO10/TxD0 

EXLVI Input Potential input for external low-voltage detection Input port P120/INTP0 

X1 Input P121/OCD0A 

X2 − 

Connecting resonator for main system clock  Input port 

P122/EXCLK/ 

OCD0B 

EXCLK Input External clock input for main system clock Input port P122/X2/OCD0B 

XT1 Input P123 

XT2 − 

Connecting resonator for subsystem clock  Input port 

P124 

VDD − Positive power supply − − 

VSS − Ground potential − − 

FLMD0 − Flash memory programming mode setting   − − 

OCD0A Input P121/X1 

OCD0B − 

On-chip debug mode setting connection Input port 

P122/X2/EXCLK 

 

Remark The functions within arrowheads (< >) can be assigned by setting the input switch control register (ISC). 
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Table 3-8.  Special Function Register List (2/5) 

Manipulatable Bit Unit Address Special Function Register (SFR) Name Symbol R/W 

1 Bit 8 Bits 16 Bits 

After 

Reset 

FF34H Pull-up resistor option register 4 PU4 R/W √ √ − 00H 

FF38H Pull-up resistor option register 8 PU8 R/W √ √ − 00H 

FF3AH Pull-up resistor option register 10 PU10 R/W √ √ − 00H 

FF3BH Pull-up resistor option register 11 PU11 R/W √ √ − 00H 

FF3CH Pull-up resistor option register 12 PU12 R/W √ √ − 00H 

FF3EH Pull-up resistor option register 14 PU14 R/W √ √ − 00H 

FF3FH Pull-up resistor option register 15 PU15 R/W √ √ − 00H 

FF40H Clock output selection register CKS R/W √ √ − 00H 

FF41H 8-bit timer compare register 51 CR51 R/W − √ − 00H 

FF42H 8-bit timer H mode register 2 TMHMD2 R/W √ √ − 00H 

FF43H 8-bit timer mode control register 51 TMC51 R/W √ √ − 00H 

FF44H 8-bit timer H compare register 02 CMP02 R/W − √ − 00H 

FF45H 8-bit timer H compare register 12 CMP12 R/W − √ − 00H 

FF47H MCG status register MC0STR R √ √ − 00H 

FF48H External interrupt rising edge enable register EGP R/W √ √ − 00H 

FF49H External interrupt falling edge enable register EGN R/W √ √ − 00H 

FF4AH MCG transmit buffer register MC0TX R/W − √ − FFH 

FF4BH MCG transmit bit count specification register MC0BIT R/W − √ − 07H 

FF4CH MCG control register 0 MC0CTL0 R/W √ √ − 10H 

FF4DH MCG control register 1 MC0CTL1 R/W − √ − 00H 

FF4EH MCG control register 2 MC0CTL2 R/W − √ − 1FH 

FF4FH Input switch control register ISC R/W √ √ − 00H 

FF50H Asynchronous serial interface operation mode 
register 6 

ASIM6 R/W √ √ − 01H 

FF51H 8-bit timer counter 52 TM52 R − √ − 00H 

FF53H Asynchronous serial interface reception error 
status register 6 

ASIS6 R − √ − 00H 

FF54H Real-time counter clock selection register RTCCL R/W √ √ − 00H 

FF55H Asynchronous serial interface transmission 
status register 6 

ASIF6 R − √ − 00H 

FF56H Clock selection register 6 CKSR6 R/W − √ − 00H 

FF57H Baud rate generator control register 6 BRGC6 R/W − √ − FFH 

FF58H Asynchronous serial interface control register 6 ASICL6 R/W √ √ − 16H 

FF59H 8-bit timer compare register 52 CR52 R/W − √ − 00H 

FF5BH Timer clock selection register 52 TCL52 R/W √ √ − 00H 

FF5CH 8-bit timer mode control register 52 TMC52 R/W √ √ − 00H 
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5.6.10  Peripheral hardware and source clocks 

The following lists peripheral hardware and source clocks incorporated in the 78K0/LE3. 

 

Table 5-10.  Peripheral Hardware and Source Clocks 

                       Source Clock 
 
 
Peripheral Hardware 

Peripheral 
Hardware 

Clock (fPRS) 

Subsystem 
Clock (fSUB)

Internal 
Low-Speed 
Oscillation 
Clock (fRL) 

TM50 
Output 

TM52 
Output 

TMH1 
Output 

External Clock 
from Peripheral 
Hardware Pins 

16-bit timer/ 
event counter 

00 Y Y N N Y N Y (TI000 pin)Note 

50 Y N N N N N Y (TI50 pin)Note 

51 Y N N N N Y Y (TI51 pin)Note 

8-bit timer/ 
event counter 

52 Y N N N N N Y (TI52 pin)Note 

H0 Y N N Y N N N 

H1 Y N Y N N N N 

8-bit timer 

H2 Y N N N N N N 

Real-time counter Y Y N N N N N 

Watchdog timer N N Y N N N N 

Buzzer output Y N N N N N N 

Successive approximation 
type A/D converter 

Y N N N N N N 

ΔΣ type A/D converter Y Y N N N N N 

UART0 Y N N Y N N N 

UART6 Y N N Y N N N 

Serial interface 

CSI10 Y N N N N N Y (SCK10 pin)Note 

LCD controller/driver Y Y Y N N N N 

Manchester code generator Y N N N N N N 

Remote controller receiver Y Y N N N N N 

 

Note When the CPU is operating on the subsystem clock and the internal high-speed oscillation clock has been 

stopped, do not start operation of these functions on the external clock input from peripheral hardware pins. 

 
Remark Y: Can be selected, N: Cannot be selected 
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Table 6-2.  Capture Operation of CR000 and CR010 

External Input  

Signal 

Capture  

Operation 

TI000 Pin Input   
TI010 Pin Input 

 

Set values of ES001 and 

ES000  

Position of edge to be 

captured 

Set values of ES101 and 

ES100  

Position of edge to be 

captured 

01: Rising 

  

01: Rising 

 

00: Falling 

  

00: Falling 

 

CRC001 = 1 

TI000 pin input 

(reverse phase) 

 

 

  

11: Both edges  

(cannot be captured) 

CRC001 bit = 0 

TI010 pin input 

 

 

 

11: Both edges 

 

Capture operation of 

CR000 

Interrupt signal INTTM000 signal is not 

generated even if value 

is captured. 

Interrupt signal INTTM000 signal is 

generated each time 

value is captured. 

Set values of ES001 and 

ES000  

Position of edge to be 

captured 

01: Rising 

  

00: Falling 

  

TI000 pin inputNote 

 

 

  

11: Both edges 

  

Capture operation of 

CR010 

Interrupt signal INTTM010 signal is 

generated each time 

value is captured. 

 

 

Note The capture operation of CR010 is not affected by the setting of the CRC001 bit. 

 

Caution To capture the count value of the TM00 register to the CR000 register by using the phase 

reverse to that input to the TI000 pin, the interrupt request signal (INTTM000) is not generated 

after the value has been captured.  If the valid edge is detected on the TI010 pin during this 

operation, the capture operation is not performed but the INTTM000 signal is generated as an 

external interrupt signal.  To not use the external interrupt, mask the INTTM000 signal. 

 

Remark CRC001: See 6.3 (2)  Capture/compare control register 00 (CRC00). 

ES101, ES100, ES001, ES000: See 6.3 (4)  Prescaler mode register 00 (PRM00). 
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Figure 6-9.  Format of Prescaler Mode Register 00 (PRM00)  
 

Address:  FFBBH     After reset:  00H     R/W 

Symbol 7 6 5 4 3 2 1 0 

PRM00 ES101 ES100 ES001 ES000 0 PRM002 PRM001 PRM000 

 

ES101 ES100 TI010 pin valid edge selection 

0 0 Falling edge 

0 1 Rising edge 

1 0 Setting prohibited 

1 1 Both falling and rising edges 

 

ES001 ES000 TI000 pin valid edge selection 

0 0 Falling edge 

0 1 Rising edge 

1 0 Setting prohibited 

1 1 Both falling and rising edges 

 

Count clock selectionNote 1 PRM002 PRM001 PRM000 

 fPRS = 2 MHz fPRS = 5 MHz fPRS = 10 MHz

0 0 0 fPRS
Note 2 2 MHz 5 MHz 10 MHz 

0 0 1 fPRS/2 1 MHz 2.5 MHz 5 MHz 

0 1 0 fPRS/22  500 kHz 1.25 MHz 2.5 MHz 

0 1 1 fPRS/24  1.25 MHz 2.5 MHz 625 kHz 

1 0 0 fPRS/28 7.81 kHz 19.53 kHz 39.06 kHz 

1 0 1 fSUB 32.768 kHz 

1 1 0 TI000 valid edgeNote 3 

1 1 1 TM52 output 

 

Notes 1. If the peripheral hardware clock (fPRS) operates on the high-speed system clock (fXH) (XSEL = 1), the 

fPRS operating frequency varies depending on the supply voltage. 

  •  VDD = 2.7 to 5.5 V: fPRS ≤ 10 MHz 

  •  VDD = 1.8 to 2.7 V: fPRS ≤ 5 MHz 

 2. If the peripheral hardware clock (fPRS) operates on the internal high-speed oscillation clock (fRH) (XSEL 

= 0), when 1.8 V ≤ VDD < 2.7 V, the setting of PRM002 = PRM001 = PRM000 = 0 (count clock: fPRS) is 

prohibited. 

 3. The external clock from the TI000 pin requires a pulse longer than twice the cycle of the peripheral 

hardware clock (fPRS). 

 

Caution Do not select the valid edge of TI000 as the count clock during the pulse width measurement. 
 

Remarks 1. 8-bit timer/event counter 52 (TM52) output can be selected as the TM00 count clock by setting 

PRM002, PRM001, PRM000 = 1, 1, 1.  Any frequency can be set as the 16-bit timer (TM00) count 

clock, depending on the TM52 count clock and compare register setting values. 

 2. fPRS:  Peripheral hardware clock frequency 

  fSUB:  Subsystem clock frequency 
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 Figure 6-28.  Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input  

  (CR000: Capture Register, CR010: Compare Register) (1/2) 

 

(a) TOC00 = 13H, PRM00 = 10H, CRC00, = 03H, TMC00 = 08H, CR010 = 0001H 

 
TM00 register

0000H

Operable bits
(TMC003, TMC002)

Capture & count clear input
(TI000 pin input)

Capture register
(CR000)

Capture interrupt
(INTTM000)

Compare register
(CR010)

Compare match interrupt
(INTTM010)

TO00 output

10

P

N

M S

00

L

0001H

0000H M N S P

 
 

This is an application example where the TO00 output level is to be inverted when the count value has been 

captured & cleared. 

TM00 is cleared at the rising edge detection of the TI000 pin and it is captured to CR000 at the falling edge 

detection of the TI000 pin. 

When bit 1 (CRC001) of capture/compare control register 00 (CRC00) is set to 1, the count value of TM00 is 

captured to CR000 in the phase reverse to that of the signal input to the TI000 pin, but the capture interrupt signal 

(INTTM000) is not generated.  However, the INTTM000 signal is generated when the valid edge of the TI010 pin 

is detected.  Mask the INTTM000 signal when it is not used. 
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(4) Operation in clear & start mode entered by TI000 pin valid edge input  

 (CR000: capture register, CR010: capture register) 
 

 Figure 6-29.   Block Diagram of Clear & Start Mode Entered by TI000 Pin Valid Edge Input  

  (CR000: Capture Register, CR010: Capture Register) 
 

Timer counter
(TM00)

Clear

Output
controller

Capture register
(CR000)Capture

signal

Capture signal

TO00 pinNote

Interrupt signal
(INTTM010)

Interrupt signal
(INTTM000)

Capture register
(CR010)

Operable bits
TMC003, TMC002

Count clock

Edge
detectionTI000 pin

Edge
detectionTI010 pinNote S

el
ec

to
r

TO00
output

 
 

Note The timer output (TO00) cannot be used when detecting the valid edge of the TI010 pin is used. 
 
 

 Figure 6-30.  Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input  

  (CR000: Capture Register, CR010: Capture Register) (1/3) 
 

(a) TOC00 = 13H, PRM00 = 30H, CRC00 = 05H, TMC00 = 0AH 
 

TM00 register

0000H

Operable bits
(TMC003, TMC002)

Capture & count clear input
(TI000 pin input)

Capture register
(CR000)

Capture interrupt
(INTTM000)

Capture register
(CR010)

Capture interrupt
(INTTM010)

TO00 output

10

R S TO

L

M
N

P
Q

00

L

0000H

0000H L M N O P Q R S T

 
 

This is an application example where the count value is captured to CR010, TM00 is cleared, and the TO00 

output is inverted when the rising or falling edge of the TI000 pin is detected. 

When the edge of the TI010 pin is detected, an interrupt signal (INTTM000) is generated.  Mask the INTTM000 

signal when it is not used. 
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Figure 6-34.  Timing Example of Free-Running Timer Mode 

(CR000: Compare Register, CR010: Compare Register) 

 

• TOC00 = 13H, PRM00 = 00H, CRC00 = 00H, TMC00 = 04H 

 
FFFFH

TM00 register

0000H

Operable bits
(TMC003, TMC002)

Compare register
(CR000)

Compare match interrupt
(INTTM000)

Compare register
(CR010)

Compare match interrupt
(INTTM010)

TO00 output

OVF00 bit

01

M
N

M
N

M
N

M
N

00 00

N

0 write clear 0 write clear 0 write clear 0 write clear

M

 
 

This is an application example where two compare registers are used in the free-running timer mode. 

The TO00 output level is reversed each time the count value of TM00 matches the set value of CR000 or CR010.  

When the count value matches the register value, the INTTM000 or INTTM010 signal is generated. 

 

(2) Free-running timer mode operation 

 (CR000: compare register, CR010: capture register) 

 

Figure 6-35.  Block Diagram of Free-Running Timer Mode 

(CR000: Compare Register, CR010: Capture Register) 

 

Timer counter
(TM00)

Output
controller

Edge
detection

Capture register
(CR010)Capture signal

TO00 pin

Match signal Interrupt signal 
(INTTM000)

Interrupt signal 
(INTTM010)TI000 pin

Compare register
(CR000)

Operable bits
TMC003, TMC002

Count clock

TO00
output
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Figure 7-11.  Format of 8-Bit Timer Mode Control Register 52 (TMC52)  

 

Address:  FF5CH      After reset:  00H     R/W 

Symbol <7> 6 5 4 3 2 1 0 

TMC52 TCE52 0 0 0 0 0 0 0 

 

TCE52 TM52 count operation control 

0 After clearing to 0, count operation disabled (counter stopped) 

1 Count operation start 

 

Caution Be sure to clear bits 0 to 6 to 0. 
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(c) Transmission  

If bit 7 (POWER0) of asynchronous serial interface operation mode register 0 (ASIM0) is set to 1 and bit 6 

(TXE0) of ASIM0 is then set to 1, transmission is enabled.  Transmission can be started by writing transmit 

data to transmit shift register 0 (TXS0).  The start bit, parity bit, and stop bit are automatically appended to 

the data. 

When transmission is started, the start bit is output from the TXD0 pin, and the transmit data is output 

followed by the rest of the data in order starting from the LSB.  When transmission is completed, the parity 

and stop bits set by ASIM0 are appended and a transmission completion interrupt request (INTST0) is 

generated. 

Transmission is stopped until the data to be transmitted next is written to TXS0.  

Figure 14-9 shows the timing of the transmission completion interrupt request (INTST0).  This interrupt 

occurs as soon as the last stop bit has been output. 

 

Caution After transmit data is written to TXS0, do not write the next transmit data before the 

transmission completion interrupt signal (INTST0) is generated. 

 

Figure 14-9.  Transmission Completion Interrupt Request Timing  

 

1. Stop bit length: 1  

 

INTST0

D0Start D1 D2 D6 D7 StopTXD0 (output) Parity

 
 

2. Stop bit length: 2 

 

TXD0 (output)

INTST0

D0Start D1 D2 D6 D7 Parity Stop
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Example: Frequency of base clock = 2.5 MHz = 2,500,000 Hz 

 Set value of MDL04 to MDL00 bits of BRGC0 register = 10000B (k = 16) 

 Target baud rate = 76,800 bps 

 

 Baud rate = 2.5 M/(2 × 16) 

  = 2,500,000/(2 × 16) = 78,125 [bps] 

 

 Error = (78,125/76,800 − 1) × 100 

  = 1.725 [%] 

 

 (3) Example of setting baud rate 

 

Table 14-5.  Set Data of Baud Rate Generator 

fPRS = 2.0 MHz fPRS = 5.0 MHz fPRS = 10.0 MHz Baud 

Rate 

[bps] 
TPS01, 

TPS00 

k Calculate

d Value 

ERR 

[%] 

TPS01, 

TPS00 

k Calculate

d Value

ERR 

[%] 

TPS01, 

TPS00 

k Calculate

d Value 

ERR 

[%] 

1200 3H 26 1202 0.16 − − − − − − − − 

2400 3H 13 2404 0.16 − − − − − − − − 

4800 2H 26 4808 0.16 3H 16 4883 1.73 − − − − 

9600 2H 13 9615 0.16 3H 8 9766 1.73 3H 16 9766 1.73 

10400 2H 12 10417 0.16 2H 30 10417 0.16 3H 15 10417 0.16 

19200 1H 26 19231 0.16 2H 16 19531 1.73 3H 8 19531 1.73 

24000 1H 21 23810 −0.79 2H 13 24038 0.16 2H 26 24038 0.16 

31250 1H 16 31250 0 2H 10 31250 0 2H 20 31250 0 

33600 1H 15 33333 −0.79 2H 9 34722 3.34 2H 19 32895 −2.1 

38400 1H 13 38462 0.16 2H 8 39063 1.73 2H 16 39063 1.73 

56000 1H 9 55556 −0.79 1H 22 56818 1.46 2H 11 56818 1.46 

62500 1H 8 62500 0 1H 20 62500 0 2H 10 62500 0 

76800 − − − − 1H 16 78125 1.73 2H 8 78125 1.73 

115200 − − − − 1H 11 113636 −1.36 1H 22 113636 −1.36 

153600 − − − − 1H 8 156250 1.73 1H 16 156250 1.73 

312500 − − − − − − − − 1H 8 312500 0 

 

Remark TPS01, TPS00: Bits 7 and 6 of baud rate generator control register 0 (BRGC0) (setting of base clock 

(fXCLK0)) 

 k: Value set by the MDL04 to MDL00 bits of BRGC0 (k = 8, 9, 10, ..., 31) 

 fPRS: Peripheral hardware clock frequency 

 ERR: Baud rate error 

 

<R> 

<R> 
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(8) Port function register 1 (PF1) 

This register sets the pin functions of P13/SO10/TxD0/<TxD6> pin. 

PF1 is set using a 1-bit or 8-bit memory manipulation instruction. 

Reset signal generation sets PF1 to 00H. 

 

Figure 15-12.  Format of Port Function Register 1 (PF1) 

 
Address: FF20H    After reset: 00H    R/W 

Symbol 7 6 5 4 3 2 1 0 

PF1 0 0 0 0 PF13 0 0 0 

 

 PF13 Port (P13), CSI10, UART0, and UART6 output specification 

 0 Used as P13 or SO10 

 1 Used as TxD0 or TxD6 

 

(9) Port mode register 1 (PM1)  

This register sets port 1 input/output in 1-bit units. 

When using the P13/SO10/TXD0/<TXD6> pin for serial interface data output, clear PM13 to 0.  The output latch of 

P13 at this time may be 0 or 1. 

When using the P12/SI10/RXD0/<RxD6> pin for serial interface data input, set PM12 to 1.  The output latch of 

P12 at this time may be 0 or 1. 

PM1 can be set by a 1-bit or 8-bit memory manipulation instruction. 

Reset signal generation sets this register to FFH. 

 

Figure 15-13.  Format of Port Mode Register 1 (PM1) 

 

Address:  FF21H     After reset:  FFH     R/W 

Symbol 7 6 5 4 3 2 1 0 

PM1 1 1 1 PM14 PM13 PM12 PM11 1 

 

PM1n P1n pin I/O mode selection (n = 1 to 4) 

0 Output mode (output buffer on) 

1 Input mode (output buffer off) 
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(4) Permissible baud rate range during reception 

The permissible error from the baud rate at the transmission destination during reception is shown below. 

 

Caution Make sure that the baud rate error during reception is within the permissible error range, by 

using the calculation expression shown below. 

 

Figure 15-27.  Permissible Baud Rate Range During Reception  

 

FL

1 data frame (11 × FL)

FLmin

FLmax

Data frame length
of UART6

Start bit Bit 0 Bit 1 Bit 7 Parity bit 

Minimum permissible
data frame length

Maximum permissible
data frame length

Stop bit

Start bit Bit 0 Bit 1 Bit 7 Parity bit 

Latch timing

Stop bit

Start bit Bit 0 Bit 1 Bit 7 Parity bit Stop bit

 
 

As shown in Figure 15-27, the latch timing of the receive data is determined by the counter set by baud rate 

generator control register 6 (BRGC6) after the start bit has been detected.  If the last data (stop bit) meets this 

latch timing, the data can be correctly received.  

Assuming that 11-bit data is received, the theoretical values can be calculated as follows. 

 

 FL = (Brate)−1 

 

  Brate: Baud rate of UART6 

  k: Set value of BRGC6 

  FL: 1-bit data length 

  Margin of latch timing: 2 clocks 
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(2) Communication operation  

In the 3-wire serial I/O mode, data is transmitted or received in 8-bit units.  Each bit of the data is transmitted or 

received in synchronization with the serial clock.  

Data can be transmitted or received if bit 6 (TRMD10) of serial operation mode register 10 (CSIM10) is 1.  

Transmission/reception is started when a value is written to transmit buffer register 10 (SOTB10).  In addition, 

data can be received when bit 6 (TRMD10) of serial operation mode register 10 (CSIM10) is 0. 

Reception is started when data is read from serial I/O shift register 10 (SIO10).  

After communication has been started, bit 0 (CSOT10) of CSIM10 is set to 1.  When communication of 8-bit data 

has been completed, a communication completion interrupt request flag (CSIIF10) is set, and CSOT10 is cleared 

to 0.  Then the next communication is enabled.  

 

Caution Do not access the control register and data register when CSOT10 = 1 (during serial 

communication).  

 

Figure 16-6.  Timing in 3-Wire Serial I/O Mode (1/2)  

 

(a)  Transmission/reception timing (Type 1:  TRMD10 = 1, DIR10 = 0, CKP10 = 0, DAP10 = 0) 

 

AAHABH 56H ADH 5AH B5H 6AH D5H

55H (communication data)

55H is written to SOTB10.

SCK10

SOTB10

SIO10

CSOT10

CSIIF10

SO10

SI10 (receive AAH)

Read/write trigger

INTCSI10
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(14) Remote controller receive end-width select register (RMER) 

This register determines the interval between the timing at which the INTREND signal is output. 

RMER is set with an 8-bit memory manipulation instruction. 

Reset signal generation sets RMER to 00H. 

 

(a) Type A reception mode 

 

RIN

Counter value = RMERData

RMDLL

INTREND

Counter

 
 

 (b) Type B, Type C reception mode 

 

RIN

Counter value = RMERData

RMDH0L

INTREND

Counter

RMDH1L

 
 

 

 

Caution For RMER and all the remote controller receive compare registers (RMGPLS, RMGPLL, 

RMGPHS, RMGPHL, RMDLS, RMDLL, RMDH0S, RMDH0L, RMDH1S, and RMDH1L), disable 

remote controller reception (bit 7 (RMEN) of the remote controller receive control register 

(RMCN) = 0) first, and then change the value. 
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(4) Data high level width determination 

 

RIN

RMDH0S

RMDH0L

Allowable
range

<1> <2> <3>

RIN

RIN

RMDH1S

RMDH1L

RIN

RIN

<5><4>

Allowable
range Δ

, RIN
NoteNote

, RIN
NoteNote

, RIN
NoteNote

, RIN
NoteNote

, RIN
NoteNote

 
 

Note  RIN is generated in type A reception mode, and RIN is generated in type B and type C reception modes. 

 

Relationship Between 

RMDH0S/RMDH0L/RMDH1S/RMDH1L/Counter

Position of Waveform Corresponding Operation 

Counter < RMDH0S <1>: Short Error interrupt INTRERR is generated. 

Measuring the guide pulse high-level width is started 

at the next rising edge. 

RMDH0S ≤ counter < RMDH0L <2>: Within the range Data 0 is received. 

Measuring data low-level width is started. 

RMDH0L ≤ counter < RMDH1S <3>: Outside of the 

range 

Error interrupt INTRERR is generated. 

Measuring the guide pulse high-level width is started 

at the next rising edge. 

RMDH1S ≤ counter < RMDH1L <4>: Within the range Data 1 is received. 

Measuring the data low-level width is started. 

RMDH1L ≤ counter <5>: Long (Type A reception mode) 

Error interrupt INTRERR is generated at the Δ point. 

(Type B, Type C reception modes) 

Measuring the end width is started from the Δ point. 

Measuring the guide pulse high-level width is started 

at the next rising edge. 

 

Note  In type C reception mode, before the first INTDFULL interrupt is generated, INTRERR will not be generated.  

However, RMSR and RMSCR will be cleared. 
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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 
 

QB-MINI2Note 4QB-MINI2Note 4

78K0-OCD boardNote 4

Language processing software

• Assembler package

• C compiler package

• Device fileNote 1

• C library source fileNote 2

Debugging software

• Integrated debuggerNote 1

Host machine
(PC or EWS)

USB interface cableNote 4

Connection cable
(10-pin/16-pin cable)Note 4

Target connector

Target system

Connection cable
(16-pin cable)Note 4

• Software package

• Project manager

Software package

<When using as flash memory programmer>

Control software

(Windows only)Note 3

<When using as on-chip debug emulator>

 
 

Notes 1. Download the device file (DF780495) for the 78K0/LE3 and the integrated debugger ID78K0-QB from 
the download site for development tools (http://www.necel.com/micro/ods/eng/index.html). 

 2. The C library source file is not included in the software package. 

 3. The project manager PM+ is included in the assembler package. 
  The PM+ is only used for Windows. 

 4. The QB-MINI2 is supplied with a USB interface cable, connection cables (10-pin and 16–pin cables), 

and the 78K0-OCD board.  Any other products are sold separately.  
Download the software for operating the QB-MINI2 from the download site for development tools 

(http://www.necel.com/micro/ods/eng/index.html). 

http://www.necel.com/micro/ods/eng/index.html
http://www.necel.com/micro/ods/eng/index.html
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