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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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CHAPTER  4   PORT  FUNCTIONS 
 

 

4.1  Port Functions 
 

There are two types of pin I/O buffer power supplies: AVREF
Note and VDD.  The relationship between these power 

supplies and the pins is shown below. 
 

Table 4-1.  Pin I/O Buffer Power Supplies 

Power Supply Corresponding Pins 

AVREF
Note P20 to P25 

VDD Port pins other than P20 to P25 

 

Note µPD78F043x only.  The power supply is VDD with µPD78F042x. 

 

78K0/LD3 products are provided with the ports shown in Figure 4-1, which enable variety of control operations.  

The functions of each port are shown in Table 4-2. 

In addition to the function as digital I/O ports, these ports have several alternate functions.  For details of the 

alternate functions, see CHAPTER 2  PIN FUNCTIONS. 

 

Figure 4-1.  Port Types 
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4.2.1  Port 1 

Port 1 is a 3-bit I/O port with an output latch.  Port 1 can be set to the input mode or output mode in 1-bit units 

using port mode register 1 (PM1).  When the P11 to P13 pins are used as an input port, use of an on-chip pull-up 

resistor can be specified in 1-bit units by pull-up resistor option register 1 (PU1). 

This port can also be used for key interrupt input and serial interface data I/O. 

Reset signal generation sets port 1 to input mode. 

Figures 4-2 to 4-4 show block diagrams of port 1. 

 

Caution To use P11/SCK10/KR2, P12/SI10/RxD0/<RxD6>/KR3, and P13/SO10/TxD0/<TxD6>/KR4 as 

general-purpose ports, set serial operation mode register 10 (CSIM10) and serial clock selection 

register 10 (CSIC10) to the default status (00H). 

 

Figure 4-2.  Block Diagram of P11 
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P1: Port register 1 

PU1: Pull-up resistor option register 1 

PM1: Port mode register 1 

RD: Read signal 

WR××: Write signal 
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Figure 6-21.  Example of Register Settings in External Event Counter Mode (2/2) 

 

(e) 16-bit timer counter 00 (TM00) 

By reading TM00, the count value can be read. 

 

(f) 16-bit capture/compare register 000 (CR000) 

If M is set to CR000, the interrupt signal (INTTM000) is generated when the number of external events 

reaches (M + 1). 

Setting CR000 to 0000H is prohibited. 

 

(g)  16-bit capture/compare register 010 (CR010) 

Usually, CR010 is not used in the external event counter mode.  However, a compare match interrupt 

(INTTM010) is generated when the set value of CR010 matches the value of TM00. 

Therefore, mask the interrupt request by using the interrupt mask flag (TMMK010). 
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 Figure 6-30. Timing Example of Clear & Start Mode Entered by TI000 Pin Valid Edge Input  

  (CR000: Capture Register, CR010: Capture Register) (2/3) 

 

(b) TOC00 = 13H, PRM00 = C0H, CRC00 = 05H, TMC00 = 0AH 
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This is a timing example where an edge is not input to the TI000 pin, in an application where the count value is 

captured to CR000 when the rising or falling edge of the TI010 pin is detected. 
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Figure 6-31.  Example of Register Settings in Clear & Start Mode Entered by TI000 Pin Valid Edge Input (2/2) 

 

(d)  Prescaler mode register 00 (PRM00) 

 

0/1 0/1 0/1 0/1 0

3 PRM002 PRM001 PRM000ES101 ES100 ES001 ES000

Count clock selection
(setting TI000 valid edge is prohibited)

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited
11: Both edges detection

(setting prohibited when CRC001 = 1)

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited
11: Both edges detection

0/1 0/1 0/1

 
 

(e) 16-bit timer counter 00 (TM00) 

By reading TM00, the count value can be read. 

 

(f) 16-bit capture/compare register 000 (CR000) 

When this register is used as a compare register and when its value matches the count value of TM00, an 

interrupt signal (INTTM000) is generated.  The count value of TM00 is not cleared. 

To use this register as a capture register, select either the TI000 or TI010 pinNote input as a capture trigger.  

When the valid edge of the capture trigger is detected, the count value of TM00 is stored in CR000. 

 

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

 

(g)  16-bit capture/compare register 010 (CR010) 

When this register is used as a compare register and when its value matches the count value of TM00, an 

interrupt signal (INTTM010) is generated.  The count value of TM00 is not cleared. 

When this register is used as a capture register, the TI000 pin input is used as a capture trigger.  When the 

valid edge of the capture trigger is detected, the count value of TM00 is stored in CR010. 

 



CHAPTER  6   16-BIT  TIMER/EVENT  COUNTERS  00 

User’s Manual  U18697EJ1V0UD 187

Figure 6-32.  Example of Software Processing in Clear & Start Mode Entered by TI000 Pin Valid Edge Input 
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Note Care must be exercised when setting TOC00.  For details, see 6.3 (3)  16-bit timer output control register 

00 (TOC00). 
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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. 
 

(3) Input switch control register (ISC) 

By setting ISC2 to 1, the TI52 input signal can be controlled via the TOH2 output signal. 

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

Reset signal generation sets this register to 00H. 

 

Figure 7-12.  Format of Input Switch Control Register (ISC) 
 

Address:  FF4FH     After reset:  00H     R/W 

Symbol 7 6 5 4 3 2 1 0 

ISC 0 0 ISC5 ISC4 ISC3 ISC2 ISC1 ISC0 

 

 ISC5 ISC4 TxD6, RxD6 input source selection 

 0 0 TxD6:P112, RxD6: P113 

 1 0 TxD6:P13, RxD6: P12 

 Other than above Setting prohibited 

 

 ISC3 RxD6/P113 input enabled/disabled 

 0 RXD6/P113 input disabled 

 1 RXD6/P113 input enabled 

 

 ISC2 TI52 input source control 

 0 No enable control of TI52 input (P34)  

 1 Enable controlled of TI52 input (P34)
Note 1

 

 

 ISC1 TI000 input source selection 

 0 TI000 (P33)  

 1 RxD6 (P12 or P113
Note 2

)  

 

 ISC0 INTP0 input source selection 

 0 INTP0 (P120) 

 1 RXD6 (P12 or P113
Note 2

) 

 

Notes 1. TI52 input is controlled by TOH2 output signal. 

 2. P12 or P113 is selected by ISC5 and ISC4. 
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11.2  Configuration of Buzzer Output Controller  
 

The buzzer output controller includes the following hardware.  

 

Table 11-1.  Configuration of Buzzer Output Controller 

Item Configuration 

Control registers Clock output selection register (CKS) 

Port mode register 3 (PM3) 

Port register 3 (P3) 

 

 

11.3  Registers Controlling Buzzer Output Controller 
 

The following two registers are used to control the buzzer output controller.  

• Clock output selection register (CKS) 

• Port mode register 3 (PM3) 

 

(1) Clock output selection register (CKS) 

This register sets output enable/disable for the buzzer frequency output (BUZ), and sets the output clock.  

CKS is set by a 1-bit or 8-bit memory manipulation instruction.  

Reset signal generation clears CKS to 00H.  

 

Figure 11-2.  Format of Clock Output Selection Register (CKS)  

 

Address:  FF40H     After reset:  00H     R/W 

Symbol <7> 6 5 4 3 2 1 0 

CKS BZOE BCS1 BCS0 0 0 0 0 0 

 

 BZOE BUZ output enable/disable specification 

 0 Clock division circuit operation stopped.  BUZ fixed to low level. 

 1 Clock division circuit operation enabled.  BUZ output enabled. 

 

BUZ output clock selection  BCS1 BCS0 

 fPRS = 5 MHz fPRS = 10 MHz 

 0 0 fPRS/210 4.88 kHz 9.77 kHz 

 0 1 fPRS/211 2.44 kHz 4.88 kHz 

 1 0 fPRS/212 1.22 kHz 2.44 kHz 

 1 1 fPRS/213 0.61 kHz 1.22 kHz 

 

Caution Set BCS1 and BCS0 when the buzzer output operation is stopped (BZOE = 0). 

 

Remark fPRS: Peripheral hardware clock frequency 
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Table 12-2.  A/D Conversion Time Selection 

 

(1)  2.7 V ≤ AVREF ≤ 5.5 V 

A/D Converter Mode Register (ADM) Conversion Time Selection 

FR3 FR2 FR1 FR0 LV1 LV0  fPRS = 
2 MHz 

fPRS = 
8 MHz 

fPRS = 
10 MHz 

Conversion Clock (fAD) 

1 × × × 0 0 352/fPRS 44.0 µs 35.2 µs fPRS/16 

0 0 0 0 0 0 264/fPRS 33.0 µs 26.4 µs fPRS/12 

0 0 0 1 0 0 176/fPRS 22.0 µs 17.6 µs fPRS/8 

0 0 1 0 0 0 132/fPRS 

Setting 

prohibited 

16.5 µs 13.2 µs fPRS/6 

0 0 1 1 0 0 88/fPRS 44.0 µs 11.0 µsNote 8.8 µsNote fPRS/4 

0 1 0 0 0 0 66/fPRS 33.0 µs 8.3 µsNote 6.6 µsNote fPRS/3 

0 1 0 1 0 0 44/fPRS 22.0 µs Setting 

prohibited 
Setting 

prohibited 

fPRS/2 

Other than above Setting prohibited 

Note This can be set only when 4.0 V ≤ AVREF ≤ 5.5 V. 

 

(2)  2.3 V ≤ AVREF < 2.7 V 

A/D Converter Mode Register (ADM) Conversion Time Selection 

FR3 FR2 FR1 FR0 LV1 LV0  fPRS = 
2 MHz 

fPRS = 
5 MHz 

fPRS = 
8 MHz 

Conversion Clock (fAD) 

0 0 0 0 0 1 480/fPRS Setting 
prohibited 

60.0 µs fPRS/12 

0 0 0 1 0 1 320/fPRS 64.0 µs 40.0 µs fPRS/8 

0 0 1 0 0 1 240/fPRS 48.0 µs 30.0 µs fPRS/6 

0 0 1 1 0 1 160/fPRS 

Setting 
prohibited 

32.0 µs fPRS/4 

0 1 0 0 0 1 120/fPRS 60.0 µs fPRS/3 

0 1 0 1 0 1 80/fPRS 40.0 µs 

Setting 
prohibited 

Setting 
prohibited 

fPRS/2 

Other than above Setting prohibited 

Cautions 1. Set the conversion times with the following conditions. 
• 4.0 V ≤ AVREF ≤ 5.5 V: Sampling + successive conversion time = 5 to 40 µs  

(fAD = 0.6 to 3.6 MHz) 
• 2.7 V ≤ AVREF < 4.0 V: Sampling + successive conversion time = 10 to 40 µs  

(fAD = 0.6 to 1.8 MHz) 
• 2.3 V ≤ AVREF < 2.7 V: Sampling + successive conversion time = 25 to 75 µs  

(fAD = 0.6 to 1.48 MHz) 
 2. When rewriting FR3 to FR0, LV1, and LV0 to other than the same data, stop A/D conversion 

once (ADCS = 0) beforehand. 
 3. Change LV1 and LV0 from the default value, when 2.3 V ≤ AVREF < 2.7 V. 
 4. The above conversion time does not include clock frequency errors.  Select conversion time, 

taking clock frequency errors into consideration. 
 

Remark fPRS:  Peripheral hardware clock frequency 
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(8) Interrupt request flag (ADIF) 

The interrupt request flag (ADIF) is not cleared even if the analog input channel specification register (ADS) is 

changed.   

Therefore, if an analog input pin is changed during A/D conversion, the A/D conversion result and ADIF for the 

pre-change analog input may be set just before the ADS rewrite.  Caution is therefore required since, at this time, 

when ADIF is read immediately after the ADS rewrite, ADIF is set despite the fact A/D conversion for the post-

change analog input has not ended.  

When A/D conversion is stopped and then resumed, clear ADIF before the A/D conversion operation is resumed.   

 

Figure 12-21.  Timing of A/D Conversion End Interrupt Request Generation 
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(start of ANIn conversion)

A/D conversion
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ANIn ANIn ANIm ANIm
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Remarks 1. n = 0 to 5 

 2. m = 0 to 5 

 

(9) Conversion results just after A/D conversion start 

The first A/D conversion value immediately after A/D conversion starts may not fall within the rating range if the 

ADCS bit is set to 1 within 1 µs after the ADCE bit was set to 1, or if the ADCS bit is set to 1 with the ADCE bit = 

0.  Take measures such as polling the A/D conversion end interrupt request (INTAD) and removing the first 

conversion result. 

 

(10) A/D conversion result register (ADCR, ADCRH) read operation 

When a write operation is performed to the A/D converter mode register (ADM), analog input channel 

specification register (ADS), and A/D port configuration register 0 (ADPC0), the contents of ADCR and ADCRH 

may become undefined.  Read the conversion result following conversion completion before writing to ADM, 

ADS, and ADPC0.  Using a timing other than the above may cause an incorrect conversion result to be read. 
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(5) Port mode register 1 (PM1)  

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

When using the P13/SO10/TxD0/KR4/<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/KR3/<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. 

 

Remark The functions within arrowheads (< >) can be assigned by setting the input switch control register 

(ISC). 

 

Figure 13-6.  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 1 PM13 PM12 PM11 1 

 

PM1n P1n pin I/O mode selection (n = 1 to 3) 

0 Output mode (output buffer on) 

1 Input mode (output buffer off) 
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Figure 14-5.  Format of Asynchronous Serial Interface Operation Mode Register 6 (ASIM6) (2/2) 

 

 PS61 PS60 Transmission operation Reception operation 

 0 0 Does not output parity bit. Reception without parity 

 0 1 Outputs 0 parity. Reception as 0 parityNote  

 1 0 Outputs odd parity. Judges as odd parity. 

 1 1 Outputs even parity. Judges as even parity. 

         

 CL6 Specifies character length of transmit/receive data 

 0 Character length of data = 7 bits 

 1 Character length of data = 8 bits 

   

 SL6 Specifies number of stop bits of transmit data 

 0 Number of stop bits = 1 

 1 Number of stop bits = 2 

   

 ISRM6 Enables/disables occurrence of reception completion interrupt in case of error 

 0 “INTSRE6” occurs in case of error (at this time, INTSR6 does not occur). 

 1 “INTSR6” occurs in case of error (at this time, INTSRE6 does not occur). 

 

Note If “reception as 0 parity” is selected, the parity is not judged.  Therefore, bit 2 (PE6) of asynchronous serial 

interface reception error status register 6 (ASIS6) is not set and the error interrupt does not occur. 

 

Cautions 1. To start the transmission, set POWER6 to 1 and then set TXE6 to 1.  To stop the transmission, 

clear TXE6 to 0, and then clear POWER6 to 0. 

 2. To start the reception, set POWER6 to 1 and then set RXE6 to 1.  To stop the reception, clear 

RXE6 to 0, and then clear POWER6 to 0. 

 3. Set POWER6 to 1 and then set RXE6 to 1 while a high level is input to the RXD6 pin.  If 

POWER6 is set to 1 and RXE6 is set to 1 while a low level is input, reception is started. 

 4. TXE6 and RXE6 are synchronized by the base clock (fXCLK6) set by CKSR6.  To enable 

transmission or reception again, set TXE6 or RXE6 to 1 at least two clocks of the base clock 

after TXE6 or RXE6 has been cleared to 0.  If TXE6 or RXE6 is set within two clocks of the 

base clock, the transmission circuit or reception circuit may not be initialized. 

 5. Set transmit data to TXB6 at least one base clock (fXCLK6) after setting TXE6 = 1. 

 6. Clear the TXE6 and RXE6 bits to 0 before rewriting the PS61, PS60, and CL6 bits. 

 7. Fix the PS61 and PS60 bits to 0 when used in LIN communication operation. 

 8. Clear TXE6 to 0 before rewriting the SL6 bit.  Reception is always performed with “the 

number of stop bits = 1”, and therefore, is not affected by the set value of the SL6 bit. 

 9. Make sure that RXE6 = 0 when rewriting the ISRM6 bit. 
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Figure 15-1.  Block Diagram of Serial Interface CSI10 
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(1) Transmit buffer register 10 (SOTB10) 

This register sets the transmit data.  

Transmission/reception is started by writing data to SOTB10 when bit 7 (CSIE10) and bit 6 (TRMD10) of serial 

operation mode register 10 (CSIM10) is 1.  

The data written to SOTB10 is converted from parallel data into serial data by serial I/O shift register 10, and 

output to the serial output pin (SO10).  

SOTB10 can be written or read by an 8-bit memory manipulation instruction.  

Reset signal generation sets this register to 00H.  

 

Caution Do not access SOTB10 when CSOT10 = 1 (during serial communication). 

 

(2) Serial I/O shift register 10 (SIO10) 

This is an 8-bit register that converts data from parallel data into serial data and vice versa.  

This register can be read by an 8-bit memory manipulation instruction.  

Reception is started by reading data from SIO10 if bit 6 (TRMD10) of serial operation mode register 10 (CSIM10) 

is 0.  

During reception, the data is read from the serial input pin (SI10) to SIO10. 

Reset signal generation sets this register to 00H.  

 

Caution Do not access SIO10 when CSOT10 = 1 (during serial communication). 
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Figure 16-12.  Static LCD Drive Waveform Examples 
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16.7.3  Three-time-slice display example 

Figure 16-17 shows how the 8-digit LCD panel having the display pattern shown in Figure 16-16 is connected to 

the segment signals (SEG0 to SEG23) and the common signals (COM0 to COM2) of the 78K0/LD3 chip.  This 

example displays data "123456.78" in the LCD panel.  The contents of the display data memory (addresses FA40H to 

FA57H) correspond to this display. 

The following description focuses on numeral "6." (     ) displayed in the third digit.  To display "6." in the LCD panel, 

it is necessary to apply the select or deselect voltage to the SEG6 to SEG8 pins according to Table 16-7 at the timing 

of the common signals COM0 to COM2; see Figure 16-16 for the relationship between the segment signals and LCD 

segments. 

 

Table 16-7.  Select and Deselect Voltages (COM0 to COM2) 

Segment SEG6 SEG7 SEG8 

Common    

COM0 Deselect Select Select 

COM1 Select Select Select 

COM2 Select Select − 

 

According to Table 16-7, it is determined that the display data memory location (FA46H) that corresponds to SEG6 

must contain x110. 

Figures 16-18 and 16-19 show examples of LCD drive waveforms between the SEG6 signal and each common 

signal in the 1/2 and 1/3 bias methods, respectively.  When the select voltage is applied to SEG6 at the timing of 

COM1 or COM2, an alternate rectangle waveform, +VLCD/−VLCD, is generated to turn on the corresponding LCD 

segment. 

 

Figure 16-16.  Three-Time-Slice LCD Display Pattern and Electrode Connections 

 

SEG3n+2 SEG3n

COM0

COM2

SEG3n+1

COM1

 
 

Remark n = 0 to 7 
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<2> Error of baud rate 

The baud rate error can be calculated by the following expression. 

 

•  Error (%) =                                                                 − 1   × 100 [%] 

 

Caution Keep the baud rate error during transmission to within the permissible error range at the 

reception destination. 

 

Example: Frequency of base clock = 2.5 MHz = 2,500,000 Hz 

 Set value of MC0BRS4 to MC0BRS0 bits of MC0CTL2 register = 10000B (k = 16) 

 Target baud rate = 76,800 bps 

 

 Baud rate = 2.5 M/(2 × 16) 

  = 2,500,000/(2 × 16) = 78125 [bps] 

 

 Error = (78,125/76,800 − 1) × 100 

  = 1.725 [%] 

 

<3> Example of setting baud rate 

 

fPRS = 10.0 MHz fPRS = 8.38 MHz fPRS = 8.0 MHz fPRS = 6.0 MHz Baud 

Rate 

[bps] 
MC0CKS2 

to 

MC0CKS0 

k Calculated 

Value 

ERR 

[%] 

MC0CKS2

to 

MC0CKS0

k Calculated 

Value 

ERR

[%] 

MC0CKS2

to 

MC0CKS0

k Calculated 

Value 

ERR 

[%] 

MC0CKS2 

to 

MC0CKS0 

k Calculated 

Value 

ERR

[%] 

4800 – – – – 5, 6, or 7 27 4850 1.03 5, 6, or 7 26 4808 0.16 5, 6, or 7 20 4688 –2.34

9600 5, 6, or 7 16 9766 1.73 4 27 9699 1.03 5, 6, or 7 13 9615 0.16 4 20 9375 –2.34

19200 5 8 19531 1.73 3 27 19398 1.03 4 13 19231 0.16 4 10 18750 –2.34

31250 4 10 31250 0 2 17 30809 –1.41 4 8 31250 0 2 24 31250 0 

38400 4 8 39063 1.73 2 27 38796 1.03 3 13 38462 0.16 2 20 37500 –2.34

56000 3 11 56818 1.46 2 19 55132 –1.55 3 9 55556 –0.79 1 27 55556 –0.79

62500 2 20 62500 0 2 17 61618 –1.41 3 8 62500 0 2 12 62500 0 

76800 2 16 78125 1.73 1 27 77592 1.03 2 13 76923 0.16 2 10 75000 –2.34

115200 1 22 113636 –1.36 2 9 116389 1.03 1 17 117647 2.12 1 13 115385 0.16

125000 1 20 125000 0 1 17 123235 –1.41 1 16 125000 0 1 12 125000 0 

153600 1 16 156250 1.73 2 7 149643 –2.58 1 13 153846 0.16 1 10 150000 –2.34

1 8 261875 4.75250000 1 10 250000 0 

0 17 246471 –1.41

1 8 250000 0 1 6 250000 0 

 

Remark MC0CKS2 to MC0CKS0: Bits 2 to 0 of MCG control register 1 (MC0CTL1) (setting of base clock (fXCLK)) 

k: Value set by bits 4 to 0 (MC0BRS4 to MC0BRS0) of MCG control register 2 

(MC0CTL2) (k = 4, 5, 6, …, 31) 

 fPRS: Peripheral hardware clock frequency 

 ERR: Baud rate error 

 

Actual baud rate (baud rate with error) 

Desired baud rate (correct baud rate) 
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23.2  Configuration of Power-on-Clear Circuit 
 

The block diagram of the power-on-clear circuit is shown in Figure 23-1. 

 

Figure 23-1.  Block Diagram of Power-on-Clear Circuit 

 

−

+

Reference
voltage
source

Internal reset signal

VDD

VDD

 
 

 

23.3  Operation of Power-on-Clear Circuit 
 

(1) In 1.59 V POC mode (option byte: POCMODE = 0) 

• An internal reset signal is generated on power application.  When the supply voltage (VDD) exceeds the 

detection voltage (VPOC = 1.59 V ±0.15 V), the reset status is released. 

• The supply voltage (VDD) and detection voltage (VPOC = 1.59 V ±0.15 V) are compared.  When VDD < VPOC, the 

internal reset signal is generated.  It is released when VDD ≥ VPOC. 

 

(2) In 2.7 V/1.59 V POC mode (option byte: POCMODE = 1) 

• An internal reset signal is generated on power application.  When the supply voltage (VDD) exceeds the 

detection voltage (VDDPOC = 2.7 V ±0.2 V), the reset status is released. 

• The supply voltage (VDD) and detection voltage (VPOC = 1.59 V ±0.15 V) are compared.  When VDD < VPOC, the 

internal reset signal is generated.  It is released when VDD ≥ VDDPOC. 

 

The timing of generation of the internal reset signal by the power-on-clear circuit and low-voltage detector is 

shown below. 
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(3) Port mode register 12 (PM12) 

When using the P120/EXLVI/INTP0 pin for external low-voltage detection potential input, set PM120 to 1.  At this 

time, the output latch of P120 may be 0 or 1. 

PM12 can be set by a 1-bit or 8-bit memory manipulation instruction. 

Reset signal generation sets PM12 to FFH. 

 

Figure 24-4.  Format of Port Mode Register 12 (PM12) 

 

0

PM120

1

1

2

1

3

1

4

1

5

1

6

1

7

1

Symbol

PM12

Address:  FF2CH     After reset:  FFH     R/W

 
 

PM120 P120 pin I/O mode selection 

0 Output mode (output buffer on) 

1 Input mode (output buffer off) 

 

 

24.4  Operation of Low-Voltage Detector 
 

The low-voltage detector can be used in the following two modes. 

 

(1) Used as reset (LVIMD = 1) 

• If LVISEL = 0, compares the supply voltage (VDD) and detection voltage (VLVI), generates an internal reset 

signal when VDD < VLVI, and releases internal reset when VDD ≥ VLVI. 

• If LVISEL = 1, compares the input voltage from external input pin (EXLVI) and detection voltage (VEXLVI = 1.21 

V (TYP.)), generates an internal reset signal when EXLVI < VEXLVI, and releases internal reset when EXLVI ≥ 

VEXLVI. 

 

(2) Used as interrupt (LVIMD = 0) 

• If LVISEL = 0, compares the supply voltage (VDD) and detection voltage (VLVI).  When VDD drops lower than 

VLVI (VDD < VLVI) or when VDD becomes VLVI or higher (VDD ≥ VLVI), generates an interrupt signal (INTLVI). 

• If LVISEL = 1, compares the input voltage from external input pin (EXLVI) and detection voltage (VEXLVI = 1.21 

V (TYP.)).  When EXLVI drops lower than VEXLVI (EXLVI < VEXLVI) or when EXLVI becomes VEXLVI or higher 

(EXLVI ≥ VEXLVI), generates an interrupt signal (INTLVI). 

 

While the low-voltage detector is operating, whether the supply voltage or the input voltage from an external input 

pin is more than or less than the detection level can be checked by reading the low-voltage detection flag (LVIF: bit 0 

of LVIM). 

 

Remark LVIMD: Bit 1 of low-voltage detection register (LVIM) 

 LVISEL: Bit 2 of LVIM 
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CHAPTER  27   ON-CHIP  DEBUG  FUNCTION 
 

 

27.1 Connecting QB-78K0MINI to 78K0/LD3 
 

The 78K0/LD3 uses the VDD, FLMD0, RESET, OCD0A/X1, OCD0B/X2, and VSS pins to communicate with the host 

machine via an on-chip debug emulator (QB-78K0MINI).  

 

Caution The 78K0/LD3 has an on-chip debug function.  Do not use this product for mass production 

because its reliability cannot be guaranteed after the on-chip debug function has been used, 

given the issue of the number of times the flash memory can be rewritten.  NEC Electronics does 

not accept complaints concerning this product after the on-chip debug function has been used. 

 

Figure 27-1.  Connection Example of QB-78K0MINI and 78K0/LD3  

(When OCD0A/X1 and OCD0B/X2 Are Used) 

 

VDD

78K0/LD3

FLMD0

OCD0A/X1

OCD0B/X2

Target resetRESET_IN

X2

X1

FLMD0

RESET

VDD

RESET_OUT

GND

QB-78K0MINI target connector

GND

Note

 
 

Note Make pull-down resistor 470 Ω or more (10 kΩ: recommended). 

 

Caution Input the clock from the OCD0A/X1 pin during on-chip debugging. 
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Standard products

(2) Serial interface 

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

  

Parameter Symbol Conditions MIN. TYP. MAX. Unit 

Transfer rate     250 kbps 

 

 

(3) Serial interface 

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

 

(a) UART6 (Dedicated baud rate generator output) 

Parameter Symbol Conditions MIN. TYP. MAX. Unit 

Transfer rate     625 kbps 

 

(b) UART0 (Dedicated baud rate generator output) 

Parameter Symbol Conditions MIN. TYP. MAX. Unit 

Transfer rate     625 kbps 

 


