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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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Notice 
1. All information included in this document is current as of the date this document is issued. Such information, however, is 

subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please 
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful attention to 
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website. 

2. Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights 
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.  
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights 
of Renesas Electronics or others. 

3. You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part. 
4. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of 

semiconductor products and application examples.  You are fully responsible for the incorporation of these circuits, software, 
and information in the design of your equipment.  Renesas Electronics assumes no responsibility for any losses incurred by 
you or third parties arising from the use of these circuits, software, or information. 

5. When exporting the products or technology described in this document, you should comply with the applicable export control 
laws and regulations and follow the procedures required by such laws and regulations.  You should not use Renesas 
Electronics products or the technology described in this document for any purpose relating to military applications or use by 
the military, including but not limited to the development of weapons of mass destruction.  Renesas Electronics products and 
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited 
under any applicable domestic or foreign laws or regulations. 

6. Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics 
does not warrant that such information is error free.  Renesas Electronics assumes no liability whatsoever for any damages 
incurred by you resulting from errors in or omissions from the information included herein. 

7. Renesas Electronics products are classified according to the following three quality grades:  “Standard”, “High Quality”, and 
“Specific”.  The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as 
indicated below.  You must check the quality grade of each Renesas Electronics product before using it in a particular 
application.  You may not use any Renesas Electronics product for any application categorized as “Specific” without the prior 
written consent of Renesas Electronics.  Further, you may not use any Renesas Electronics product for any application for 
which it is not intended without the prior written consent of Renesas Electronics.  Renesas Electronics shall not be in any way 
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an 
application categorized as “Specific” or for which the product is not intended where you have failed to obtain the prior written 
consent of Renesas Electronics.  The quality grade of each Renesas Electronics product is “Standard” unless otherwise 
expressly specified in a Renesas Electronics data sheets or data books, etc. 

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual 
equipment; home electronic appliances; machine tools; personal electronic equipment; and industrial robots. 

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support. 

“Specific”:  Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or 
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or healthcare 
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life. 

8. You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics, 
especially with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation 
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or 
damages arising out of the use of Renesas Electronics products beyond such specified ranges. 

9. Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have 
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further, 
Renesas Electronics products are not subject to radiation resistance design.  Please be sure to implement safety measures to 
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a 
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire 
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures.  Because 
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system 
manufactured by you. 

10. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental 
compatibility of each Renesas Electronics product.  Please use Renesas Electronics products in compliance with all applicable 
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS 
Directive.  Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with 
applicable laws and regulations. 

11. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas 
Electronics. 

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this 
document or Renesas Electronics products, or if you have any other inquiries. 

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its majority-
owned subsidiaries. 

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics. 
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1.3.2  78K0R/LG3 

(1) μ PD78F150xA 
• 100-pin plastic LQFP (fine pitch) (14×14)  
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Cautions 1. Make AVSS the same potential as VSS. 

 2. Connect the REGC pin to Vss via a capacitor (0.47 to 1 μF). 

<R> 
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Figure 4-29.  Block Diagram of P120 
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P12: Port register 12 

PU12: Pull-up resistor option register 12 

PM12: Port mode register 12 

RD: Read signal 

WR××: Write signal 
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Caution 1. When using the X1 oscillator and XT1 oscillator, wire as follows in the area enclosed by the 

broken lines in the Figures 5-10 and 5-11 to avoid an adverse effect from wiring capacitance. 

• Keep the wiring length as short as possible. 

• Do not cross the wiring with the other signal lines.  Do not route the wiring near a signal line 

through which a high fluctuating current flows. 

• Always make the ground point of the oscillator capacitor the same potential as VSS.  Do not 

ground the capacitor to a ground pattern through which a high current flows. 

• Do not fetch signals from the oscillator. 

 

  Note that the XT1 oscillator is designed as a low-gain circuit for achieving low-power consumption.  

Note the following points when designing the XT1 oscillator. 

• The pins and circuit board include parasitic capacitance.  Therefore, confirm that there are no 

problems by performing oscillation evaluation on the circuit board to be actually used. 

• When low-consumption oscillation or super-low-consumption oscillation is selected, lower 

power consumption than when selecting normal oscillation can be achieved.  However, in this 

case, the XT1 oscillation margin is reduced, so perform sufficient oscillation evaluation of the 

resonator to be used for XT1 oscillation before using the resonator.  

• Keep the wiring length between the XT1 and XT2 pins and resonator as short as possible and 

parasitic capacitance and wire resistance as small as possible.  This is particularly important 

when super-low-consumption oscillation (AMPHS1 = 1) is selected. 

• Configure the circuit board by using material with little parasitic capacitance and wire 

resistance. 

• Place a ground pattern that has the same potential as VSS (if possible) around the XT1 oscillator. 

• Do not cross the signal lines between the XT1 and XT2 pins and the resonator with other signal 

lines.  Do not route the signal lines near a signal line through which a high fluctuating current 

flows. 

• Moisture absorption by the circuit board and condensation on the board in a highly humid 

environment may cause the impedance between the XT1 and XT2 pins to drop and disable 

oscillation.  When using the circuit board in such an environment, prevent the circuit board 

from absorbing moisture by taking measures such as coating the circuit board. 

• Coat the surface of the circuit board by using material that does not generate capacitance or 

leakage between the XT1 and XT2 pins. 

 

Figure 5-12 shows examples of incorrect resonator connection. 
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6.2  Configuration of Timer Array Unit 
 

The timer array unit includes the following hardware. 
 

Table 6-1.  Configuration of Timer Array Unit 

Item Configuration 

Timer/counter Timer counter register mn (TCRmn) 

Register Timer data register mn (TDRmn) 

Timer input TIpq pin, RxD3 pin (for LIN-bus) 

Timer output TOpq pins, output controller 

<Registers of unit setting block> 
• Peripheral enable register 0 (PER0) 
• Timer clock select register m (TPSm) 
• Timer channel enable status register m (TEm) 
• Timer channel start register m (TSm) 
• Timer channel stop register m (TTm) 
• Timer input select registers 0, 1 (TIS0, TIS1) 
• Timer output enable register p (TOEp) 
• Timer output register p (TOp) 
• Timer output level register p (TOLp) 
• Timer output mode register p (TOMp) 

Control registers 

<Registers of each channel>  
• Timer mode register mn (TMRmn) 
• Timer status register pq (TSRpq) 
• Input switch control register (ISC) (channel 7 of timer array unit 0 only) 
• Noise filter enable registers 1, 2 (NFEN1, NFEN2) 
• Port mode registers 1, 3, 5, 8 (PM1, PM3, PM5, PM8) 
• Port registers 1, 3, 5, 8 (P1, P3, P5, P8) 

 
Remark mn: Unit number + Channel number, pq: Unit number + Channel number (only for channels provided with 

timer I/O pins) 
78K0R/LF3: m = 0, 1, mn = 00 to 07, 10 to 13, pq = 0, pq = 00 to 04, 07 
78K0R/LG3: m = 0, 1, mn = 00 to 07, 10 to 13, pq = 0, pq = 00 to 07 
78K0R/LH3: m = 0, 1, mn = 00 to 07, 10 to 13, pq = 0, 1, pq = 00 to 07, 10 to 13 

 

Figures 6-1 and 6-2 show block diagrams. 
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Figure 6-39.  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) 
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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 edge of timer input  

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

                

                

Start trigger selection 

000B: Selects only software start. 
                                   

            

            

Slave/master selection 

0: Cleared to 0 when independent function is selected. 
                                   

          

          

Count clock selection 

0: Selects operation clock. 
                                   

    

    

Operation clock selection 

0: Selects CKm0 as operation clock of channel n. 

1: Selects CKm1 as operation clock of channel n. 

(b) Timer output register p (TOp) 
 Bit q                 

TOp TOpq 

1/0 
 0: Outputs 0 from TOpq. 

1: Outputs 1 from TOpq. 

 

(c) Timer output enable register p (TOEp) 
 Bit q                 

TOEp TOEpq 
1/0 

 0: Stops the TOpq output operation by counting operation. 
1: Enables the TOpq output operation by counting operation. 

 

(d) Timer output level register p (TOLp) 
 Bit q                 

TOLp TOLpq 

0 
 0: Cleared to 0 when TOMpq = 0 (toggle mode) 

 

(e) Timer output mode register p (TOMp) 
 Bit q                 

TOMp TOMpq 

0 
 0: Sets toggle mode. 

Remark mn: Unit number + Channel number, pq: Unit number + Channel number (only for channels provided with timer I/O pins) 
78K0R/LF3: m = 0, 1, mn = 00 to 07, 10 to 13, pq = 00 to 04, 07 
78K0R/LG3: m = 0, 1, mn = 00 to 07, 10 to 13, pq = 00 to 07 
78K0R/LH3: m = 0, 1, mn = 00 to 07, 10 to 13, pq = 00 to 07, 10 to 13 
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Yes

RTCE = 1 

RWAIT = 1 

No

Yes

RWAIT = 0 

No RWST = 1 ?

RWST = 0 ?

STOP mode 

RTCE = 1 

STOP mode 

Waiting at least for 2 

fSUB clocks 

Sets to counter operation 

start 

Shifts to STOP mode 

Sets to counter operation 

start 

Sets to stop the SEC to YEAR 

counters, reads the counter 

value, write mode 

Checks the counter wait status 

 

Sets the counter operation 

Shifts to STOP mode 

Example 2 Example 1 

7.4.2  Shifting to STOP mode after starting operation 

Perform one of the following processing when shifting to STOP mode immediately after setting RTCE to 1. 

However, after setting RTCE to 1, this processing is not required when shifting to STOP mode after the first INTRTC 

interrupt has occurred. 

 

• Shifting to STOP mode when at least two subsystem clocks (fSUB) (about 62 μ s) have elapsed after setting RTCE to 1 

(see Figure 7-20, Example 1). 

• Checking by polling RWST to become 1, after setting RTCE to 1 and then setting RWAIT to 1.  Afterward, setting 

RWAIT to 0 and shifting to STOP mode after checking again by polling that RWST has become 0 (see Figure 7-20, 

Example 2). 

 

Figure 7-20.  Procedure for Shifting to STOP Mode After Setting RTCE to 1 

 

 

 



 

78K0R/Lx3  

 

R01UH0004EJ0501  Rev.5.01   432  
Jun 20, 2011 

CHAPTER  12  OPERATIONAL  AMPLIFIER (μ PD78F150xA only) 

Caution When an operational amplifier is used, AMPn+, AMPn−, and AMPnO pins are used, so the alternative 

analog input functions cannot be used.  The operational amplifier output signals, however, can be 

used as analog inputs. 

 

Table 12-4.  Setting Functions of ANI9/P151 and ANI10/AM152 Pins 

ADPC 

register 

PM15 register ADS register ANI9/P151 and ANI10/AM152 Pins

Input mode − Digital input Digital I/O 

selection Output mode − Digital output 

Selects ANI. Analog input (to be converted) Input mode 

Does not select ANI. Analog input (not to be converted) 

Analog input 

selection 

Output mode − Setting prohibited 

 

Remark 78K0R/LF3:   ANI9/P151 and ANI10/AM152 are not mounted. 

 78K0R/LG3, 78K0R/LH3:  ANI9/P151, ANI10/AM152 

 
Table 12-5.  Setting Functions of ANI15/AVREFM/P157 Pin 

ADPC 

register 

PM15 register ADREF bit ADS register ANI15/AVREFM/P157 Pin 

0 − Digital input Input mode 

1 − Setting prohibited 

0 − Digital output 

Digital I/O 

selection 

Output mode 

1 − Setting prohibited 

Selects ANI. Analog input (to be converted) 0 

Does not select ANI. Analog input (not to be converted) 

Input mode 

1 − Negative reference voltage input of 

A/D converter  

Analog input 

selection 

Output mode − − Setting prohibited 
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14.7.2  Data transmission 

Data transmission is an operation to transmit data to the target for transfer (slave) after transmission of an address field.  

After all data are transmitted to the slave, a stop condition is generated and the bus is released. 

 

Simplified I
2
C IIC10 IIC20 

Target channel Channel 2 of SAU0 Channel 0 of SAU1 

Pins used SCL10, SDA10 Note SCL20, SDA20 Note 

INTIIC10 INTIIC20 Interrupt 

Transfer end interrupt only (Setting the buffer empty interrupt is prohibited.) 

Error detection flag Parity error detection flag (PEFmn) 

Transfer data length 8 bits 

Transfer rate Max. fCLK/4 [MHz] (SDRmn [15:9] = 1 or more)   fCLK: System clock frequency 

However, the following condition must be satisfied in each mode of I2C. 

• Max. 400 kHz (first mode) 

• Max. 100 kHz (standard mode) 

Data level Forward output (default: high level) 

Parity bit No parity bit 

Stop bit Appending 1 bit (for ACK reception timing) 

Data direction MSB first 

Note To perform communication via simplified I2C, set the data I/O pins (SDA10, SDA20) in the N-ch open-drain output 

(VDD tolerance) mode (POM14 = 1, POM11 = 1) by using the port output mode register 1 (POM1) (see 4.3 

Registers Controlling Port Function for details).  When communicating with an external device with a different 

potential, set the N-ch open-drain output (VDD tolerance) mode (POM15 = 1, POM10 = 1) also for the clock 

input/output pins (SCL10, SCL20) (see 4.4.4 Connecting to external device with different potential (2.5 V, 3 V) 

for details). 

 

Remark m: Unit number (m = 0, 1), n: Channel number (n = 0, 2) 
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Table 14-9.  Relationship between register settings and pins 

(Channel 0 of unit 1: CSI20, UART2 transmission, IIC20) 

Pin Function SE 
10 

Note1
 

MD
102 

MD 
101 

SOE
10 

SO 
10 

CKO
10 

TXE
10 

RXE
10 

PM 
10 

P10 PM
11

Note2

P11
Note2

PM
12 

P12 Operation mode 

SCK20/ 
SCL20/P10 

SI20/SDA20/
RxD2/INTP6/

P11
 Note2

 

SO20/ 
TxD2/ 

TO02/P12

0 0 INTP6/P11 

0 1 RxD2/INTP6/
P11 

0 

1 0 

0 1 1 0 0 × 
Note3

 
× 

Note3
 

×
Note3

×
Note3

×
Note3

×
Note3

Operation stop 
mode 

P10 

INTP6/P11 

TO02/P12

0 1 1 0 1 1 × 1 × ×
Note3

×
Note3

Slave CSI20 
reception 

SCK20 
(input) 

SI20 TO02/P12

1 0/1
 

Note4
 

1 1 0 1 × ×
Note3

×
Note3

0 1 Slave CSI20 
transmission 

SCK20 
(input) 

INTP6/P11 SO20 

1 0/1
 

Note4
 

1 1 1 1 × 1 × 0 1 Slave CSI20 
transmission/reception

SCK20 
(input) 

SI20 SO20 

0 1 0/1 
Note4

 
0 1 0 1 1 × ×

Note3
×

Note3
Master CSI20 

reception 
SCK20 
(output) 

SI20 TO02/P12

1 0/1
 

Note4
 

0/1 
Note4

 
1 0 0 1 ×

Note3
×

Note3
0 1 Master CSI20 

transmission 
SCK20 
(output) 

INTP6/P11 SO20 

0 0 

1 0/1
 

Note4
 

0/1 
Note4

 
1 1 0 1 1 × 0 1 Master CSI20 

transmission/reception
SCK20 
(output) 

SI20 SO20 

1 

0 1 1 0/1
 

Note4
 

1 1 0 × 
Note3

 
× 

Note3
 

×
Note3

×
Note3

0 1 UART2 
transmission

Note5
 

P10 RxD2/INTP6/
P11 

TxD2 

0 0 

1 0 

0 0 0/1 
Note6

 
0/1 
Note6

 

0 1 

0 1 0 1 ×
Note3

×
Note3

IIC20 

start condition 

  

SCL20 SDA20 TO02/P12

1 0/1 
Note4

 
0/1 
Note4

 
1 0 0 1 0 1 ×

Note3
×

Note3
IIC20 address field 

transmission 
SCL20 SDA20 TO02/P12

1 0/1 
Note4

 
0/1 
Note4

 
1 0 0 1 0 1 ×

Note3
×

Note3
IIC20 data 

transmission 
SCL20 SDA20 TO02/P12

1 

1 0/1 
Note4

 
0/1 
Note4

 
0 1 0 1 0 1 ×

Note3
×

Note3
IIC20 data 
reception 

SCL20 SDA20 TO02/P12

0 0 

1 0 

0 

1 0 

0 0/1 
Note7

 
0/1 
Note7

 

0 1 

0 1 0 1 ×
Note3

×
Note3

IIC20 
stop condition  

SCL20 SDA20 TO02/P12

Notes 1.  The SE1 register is a read-only status register which is set using the SS1 and ST1 registers. 

2.  When channel 1 of unit 1 is set to UART2 reception, this pin becomes an RxD2 function pin (refer to Table 14-
10).  In this case, operation stop mode or UART2 transmission must be selected for channel 0 of unit 1. 

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 UART2 transmission and reception in a pair, set channel 1 of unit 1 to UART2 reception (refer to 

Table 14-10). 
6.  Set the CKO10 bit to 1 before a start condition is generated.  Clear the SO10 bit from 1 to 0 when the start 

condition is generated. 

7.  Set the CKO10 bit to 1 before a stop condition is generated.  Clear the SO10 bit from 0 to 1 when the stop 
condition is generated. 

 
Remark X: Don’t care 
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(1)  Master operation in single-master system 
 

Figure 15-28.  Master Operation in Single-Master System 
 

SPT = 1

SPT = 1

WREL = 1

START

END

ACKE = 0
WTIM = WREL = 1

No

No

Yes

No
No

No

Yes

Yes
Yes

Yes

STCEN = 1?

ACKE = 1
WTIM = 0

TRC = 1?

ACKD = 1?

ACKD = 1?

No

Yes

No

Yes

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No

STT = 1

IICWL, IICWH ← XXH

IICF ← 0XH
Setting STCEN, IICRSV = 0

IICCTL0 ← 1XX111XXB
IICE = 1

IICCTL0 ← 0XX111XXB
ACKE = WTIM = SPIE = 1

Setting port

Initializing I2C busNote

SVA ← XXH

Writing IICA

Writing IICA

Reading IICA

INTIICA
interrupt occurs?

End of transfer?
End of transfer?

Restart?

Setting of the port used alternatively as the pin to be used.
First, set the port to input mode and the output latch to 0 (see 15.3 (8)  Port mode register 6 (PM6)).

Setting port
Set the port from input mode to output mode and enable the output of the I2C bus
(see 15.3 (8)  Port mode register 6 (PM6)).

Sets a transfer clock.

Sets a local address.

Sets a start condition.

Prepares for starting communication 
(generates a start condition).

Starts communication
(specifies an address and transfer
direction).

Waits for detection of acknowledge.

Waits for data transmission.

Starts transmission.

C
om

m
un

ic
at

io
n 

pr
oc

es
si

ng
In

iti
al

 s
et

tin
g

Starts reception.

Waits for data
reception.

INTIICA
interrupt occurs?

Waits for detection
of acknowledge.

Prepares for starting communication
(generates a stop condition).

Waits for detection of the stop condition.

INTIICA
interrupt occurs?

INTIICA
interrupt occurs?

INTIICA
interrupt occurs?

 
 

Note Release (SCL0 and SDA0 pins = high level) the I2C bus in conformance with the specifications of the product 

that is communicating.  If EEPROM is outputting a low level to the SDA0 pin, for example, set the SCL0 pin in 
the output port mode, and output a clock pulse from the output port until the SDA0 pin is constantly at high level. 

Remark Conform to the specifications of the product that is communicating, with respect to the transmission and 

reception formats. 
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Figure 16-1.  Block Diagram of LCD Controller/Driver 

Remark  78K0R/LF3: 31 segment signals (SEG0 to SEG30), 8 common signals  (COM0 to COM7) 

78K0R/LG3: 40 segment signals (SEG0 to SEG39), 8 common signals  (COM0 to COM7) 

78K0R/LH3: 54 segment signals (SEG0 to SEG53), 8 common signals  (COM0 to COM7) 
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SEG53

fSUB

fCLK/26
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Cautions 1. Bits 3, 6, and 7 must be set to 0.  

 2. Set the LCD clock (LCDCL) to no more than 512 Hz when the internal voltage boost method has 

been set. 

Remark fCLK: CPU/Peripheral hardware clock frequency 

fSUB: Subsystem clock frequency 

 

(4) LCD boost level control register (VLCD)  

This register is used to select the reference voltage that is to be generated when operating the voltage boost 

circuit (contrast adjustment).  The reference voltage can be selected from 20 stages. 

VLCD is set using an 8-bit memory manipulation instruction. 

Reset signal generation sets VLCD to 0FH. 

 

Figure 16-5.  Format of LCD Boost Level Control Register (VLCD) 

 
Address: FFF43H    After reset: 0FH    R/W 

Symbol 7 6 5 4 3 2 1 0 

VLCD 0 0 0 VLCD4 VLCD3 VLCD2 VLCD1 VLCD0 

 

VLC0 voltage  VLCD4 VLCD3 VLCD2 VLCD1 VLCD0 Reference voltage 

selection 

(contrast adjustment) 
1/3 bias 1/4 bias 

 0 0 0 0 0 1.75 V 5.25 V 

 0 0 0 0 1 1.70 V 5.10 V 

 0 0 0 1 0 1.65 V 4.95 V 

 0 0 0 1 1 1.60 V 4.80 V 

 0 0 1 0 0 1.55 V 4.65 V 

 0 0 1 0 1 1.50 V 4.50 V 

 0 0 1 1 0 1.45 V 4.35 V 

 0 0 1 1 1 1.40 V 4.20 V 

 0 1 0 0 0 1.35 V 4.05 V 

Setting 

prohibited Note

 0 1 0 0 1 1.30 V 3.90 V 5.20 V 

 0 1 0 1 0 1.25 V 3.75 V 5.00 V 

 0 1 0 1 1 1.20 V 3.60 V 4.80 V 

 0 1 1 0 0 1.15 V 3.45 V 4.60 V 

 0 1 1 0 1 1.10 V 3.30 V 4.40 V 

 0 1 1 1 0 1.05 V 3.15 V 4.20 V 

 0 1 1 1 1 1.00 V 

(default) 

3.00 V 4.00 V 

 1 0 0 0 0 0.95 V 2.85 V 3.80 V 

 1 0 0 0 1 0.90 V 2.70 V 3.60 V 

 1 0 0 1 0 0.85 V 2.55 V 3.40 V 

 1 0 0 1 1 0.80 V 2.40 V 3.20 V 

 Other than above Setting prohibited 

 

Note These settings are prohibited because VLC0 > 5.5 V. 
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Figure 19-10.  Format of Priority Specification Flag Registers (PR00L, PR00H, PR01L, PR01H, PR02L, PR02H, 

PR10L, PR10H, PR11L, PR11H, PR12L, PR12H) (78K0R/LH3) (1/2) 

 

Address:  FFFE8H     After reset:  FFH     R/W 

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

PR00L PPR05 PPR04 PPR03 PPR02 PPR01 PPR00 LVIPR0 WDTIPR0 

 

Address:  FFFECH     After reset:  FFH     R/W 

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

PR10L PPR15 PPR14 PPR13 PPR12 PPR11 PPR10 LVIPR1 WDTIPR1 

 

Address:  FFFE9H     After reset:  FFH     R/W 

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

PR00H SREPR00 CSIPR001 

SRPR00 

CSIPR000

STPR00 

DMAPR01 DMAPR00 SREPR03 SRPR03 STPR03 

 

Address:  FFFEDH     After reset:  FFH     R/W 

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

PR10H SREPR10 CSIPR101 

SRPR10 

CSIPR100

STPR10 

DMAPR11 DMAPR10 SREPR13 SRPR13 STPR13 

 

Address:  FFFEAH     After reset:  FFH     R/W 

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

PR01L TMPR003 TMPR002 TMPR001 TMPR000 IICAPR0 SREPR01 SRPR01 CSIPR010

IICPR010

STPR01 

 

Address:  FFFEEH     After reset:  FFH     R/W 

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

PR11L TMPR103 TMPR102 TMPR101 TMPR100 IICAPR1 SREPR11 SRPR11 CSIPR110

IICPR110

STPR11 
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23.4  Cautions for Power-on-Clear Circuit 
 

In a system where the supply voltage (VDD) fluctuates for a certain period in the vicinity of the POC detection voltage 

(VPOR, VPDR), the system may be repeatedly reset and released from the reset status.  In this case, the time from release 

of reset to the start of the operation of the microcontroller can be arbitrarily set by taking the following action. 

 

<Action> 

After releasing the reset signal, wait for the supply voltage fluctuation period of each system by means of a software 

counter that uses a timer, and then initialize the ports. 

 

Figure 23-3.  Example of Software Processing After Reset Release (1/2) 

 

• If supply voltage fluctuation is 50 ms or less in vicinity of POC detection voltage 

 

;  Check the reset source, etc.Note 2

Note 1

Reset

Initialization
processing <1>

50 ms has passed?
(TMIF0n = 1?)

Initialization
processing <2>

Setting timer array unit
(to measure 50 ms)

;  Initial setting for port.
   Setting of division ratio of system clock, 
   such as setting of timer or A/D converter.

Yes

No

Power-on-clear

Clearing WDT

;  fCLK = Internal high-speed oscillation clock (4.08 MHz (MAX.)) (default)
Source: fCLK (4.08 MHz (MAX.))/211, 

where comparison value = 100: ≅ 50 ms
Timer starts (TS0n = 1).

 
 

Notes  1. If reset is generated again during this period, initialization processing <2> is not started. 

2. A flowchart is shown on the next page. 

 

Remark n = 0 to 7 
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(2) When detecting level of input voltage from external input pin (EXLVI) 

• When starting operation 

<1>  Mask the LVI interrupt (LVIMK = 1). 

<2> Set bit 2 (LVISEL) of the low-voltage detection register (LVIM) to 1 (detects level of input voltage from 

external input pin (EXLVI)). 

 Clear bit 1 (LVIMD) of LVIM to 0 (generates interrupt signal when the level is detected) (default value). 

<3>  Set bit 7 (LVION) of LVIM to 1 (enables LVI operation). 

<4>  Use software to wait for the following periods of time (Total 210 μs). 

• Operation stabilization time (10 μs (MAX.)) 

• Minimum pulse width (200 μs (MIN.)) 

<5> Confirm that “input voltage from external input pin (EXLVI) ≥ detection voltage (VEXLVI = 1.21 V (TYP.))” 

when detecting the falling edge of EXLVI, or “input voltage from external input pin (EXLVI) < detection 

voltage (VEXLVI = 1.21 V (TYP.))” when detecting the rising edge of EXLVI, at bit 0 (LVIF) of LVIM. 

<6>  Clear the interrupt request flag of LVI (LVIIF) to 0. 

<7>  Release the interrupt mask flag of LVI (LVIMK). 

<8>  Execute the EI instruction (when vector interrupts are used). 

 

Figure 24-10 shows the timing of the interrupt signal generated by the low-voltage detector.  The numbers in this 

timing chart correspond to <1> to <7> above. 

 

Caution Input voltage from external input pin (EXLVI) must be EXLVI < VDD. 

 

• When stopping operation 

 Be sure to clear (0) LVION by using a 1-bit memory manipulation instruction. 
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29.3  BCD Correction Circuit Operation 
 

The basic operation of the BCD correction circuit is as follows.   

 

(1)  Addition: Calculating the result of adding a BCD code value and another BCD code value by using a  

BCD code value 

<1> The BCD code value to which addition is performed is stored in the A register. 

<2> By adding the value of the A register and the second operand (value of one more BCD code to be added) as 

are in binary, the binary operation result is stored in the A register and the correction value is stored in the 

BCDADJ register. 

<3> Decimal correction is performed by adding in binary the value of the A register (addition result in binary) and 

the BCDADJ register (correction value), and the correction result is stored in the A register and CY register. 

 

Caution The value read from the BCDADJ register varies depending on the value of the A register 

when it is read and those of the CY and AC flags.  Therefore, execute the instruction <3> 

after the instruction <2> instead of executing any other instructions. To perform BCD 

correction in the interrupt enabled state, saving and restoring the A register is required 

within the interrupt function. PSW (CY flag and AC flag) is restored by the RETI instruction. 

 

An example is shown below. 

 

Examples 1: 99 + 89 = 188  

 

Instruction A Register CY Register AC Flag BCDADJ 
Register 

MOV A, #99H ; <1> 99H − − − 

ADD A, #89H ; <2> 22H 1 1 66H 

ADD A, !BCDADJ ; <3> 88H 1 0 − 

 

Examples 2: 85 + 15 = 100  

 
Instruction A Register CY Register AC Flag BCDADJ 

Register 

MOV A, #85H ; <1> 85H − − − 

ADD A, #15H ; <2> 9AH 0 0 66H 

ADD A, !BCDADJ ; <3> 00H 1 1 − 

 

Examples 3: 80 + 80 = 160  

 
Instruction A Register CY Register AC Flag BCDADJ 

Register 

MOV A, #80H ; <1> 80H − − − 

ADD A, #80H ; <2> 00H 1 0 60H 

ADD A, !BCDADJ ; <3> 60H 1 0 − 
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LCD Characteristics (4/4) 

 

(3) Capacitor split method 

 

• 1/3 bias method (TA = −40 to +85°C, 2.2 V ≤ VDD = EVDD ≤ 5.5 V, VSS = EVSS = 0 V) 

Parameter Symbol Conditions MIN. TYP. MAX. Unit 

VLC0 voltage VLC0 C1 to C4 = 0.47 μ FNote 3  VDD  V 

VLC1 voltage VLC1 C1 to C4 = 0.47 μ FNote 3 2/3 VLC0

−0.1  

2/3 VLC0 2/3 VLC0 

+0.1  

V 

VLC2 voltage VLC2 C1 to C4 = 0.47 μ FNote 3 1/3 VLC0

−0.1  
1/3 VLC0 1/3 VLC0 

+0.1  
V 

Capacitor split wait timeNote 1 tVAWAIT  100    ms 

LCD output resistor Note 2 

(Common) 
RODC IO = ±5 μA   40 kΩ 

LCD output resistor Note 2 

(Segment) 
ROCS IO = ±1 μA   200 kΩ 

 

Notes 1.  This is the wait time from when voltage bucking is started (VLCON = 1) until display is enabled (LCDON = 1). 

2. The output resistor is a resistor connected between one of the VLC0, VLC1, VLC2 and VSS pins, and either of the 

SEG and COM pins. 

 3.  This is a capacitor that is connected between voltage pins used to drive the LCD. 

 C1: A capacitor connected between CAPH and CAPL 

 C2: A capacitor connected between VLC0 and GND 

 C3: A capacitor connected between VLC1 and GND 

 C4: A capacitor connected between VLC2 and GND 

 C1 = C2 = C3 = C4 = 0.47 pF±30 % 
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C
ha

pt
er

 

C
la

ss
ifi

ca
tio

n Function Details of 

Function 

Cautions Page 

S
of

t XT1/P123, 

XT2/P124 

The XT1/P123 and XT2/P124 pins are in the input port mode after a reset release. p.237 

H
ar

d When the subsystem clock is used as the CPU clock, the subsystem clock is also 

supplied to the peripheral hardware (except the real-time counter, timer array unit 

(when fSUB/2, fSUB/4, the valid edge of TI0mn input, or the valid edge of INTRTCI is 

selected as the count clock), clock output/buzzer output, and watchdog timer).  At 

this time, the operations of the A/D converter and IICA are not guaranteed.  For the 

operating characteristics of the peripheral hardware, refer to the chapters describing 

the various peripheral hardware as well as CHAPTER 31 ELECTRICAL 

SPECIFICATIONS. 

pp.237,

238 

The CMC register can be written only once after reset release, by an 8-bit memory 

manipulation instruction. 

Therefore, it is necessary to also set the value of the EXCLK and OSCSEL bits at the 

same time.  For EXCLK and OSCSEL bits, see 5.6.1 (1) Example of setting 

procedure when oscillating the X1 clock or 5.6.1 (2) Example of setting procedure 

when using the external main system clock.  

p.238 

Be sure to confirm that CLS = 0 when setting XTSTOP to 1.  In addition, stop the 

peripheral hardware if it is operating on the subsystem clock. 

p.238 

Subsystem 

clock 

control Subsystem clock 

The subsystem clock oscillation cannot be stopped using the STOP instruction. p.238 

pp.241

C
ha

pt
er

 5
 

S
of

t 

CPU clock 

status 

transition 

− Set the clock after the supply voltage has reached the operable voltage of the clock 

to be set (see CHAPTER 31  ELECTRICAL SPECIFICATIONS). 242, 245 

Channel 5 of timer array unit 0 of the 78K0R/LF3 can be used only as an interval 

timer. 

p.251 

Channel 6 of timer array unit 0 of the 78K0R/LF3 can be used only as an interval 

timer, for PWM output (master channel), and for one-shot pulse output (master 

channel when software trigger start is selected). 

p.251 

Channels 0 to 3 of timer array unit 1 of the 78K0R/LF3 and 78K0R/LG3 can be used 

only as interval timers. 

p.251 

− 

Channels 1, 5 to 7 of timer array unit 0 and channels 0 to 3 of timer array unit 1 

cannot be used as frequency dividers. 

p.251 

TCRmn: 

Timer/counter 

register mn 

The count value is not captured to TDRmn even when TCRmn is read. p.255 

TDRmn: Timer 

data register mn 

TDRmn does not perform a capture operation even if a capture trigger is input, when 

it is set to the compare function. 

p.260 

PER0: 

Peripheral 

enable register 0 

When setting the timer array unit, be sure to set TAUmEN to 1 first.  If TAUmEN = 0, 

writing to a control register of the timer array unit is ignored, and all read values are 

default values. 

p.262 

C
ha

pt
er

 6
 

S
of

t Timer 

array unit 

TPSm: Timer 

clock select 

register m 

Be sure to clear bits 15 to 8 to “0”. p.268 
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