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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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1.3  Applications 
 

 Home appliances 

 • Laser printer motors 

 • Clothes washers 

 • Air conditioners 

 • Refrigerators 

 Home audio systems 

 Digital cameras, digital video cameras 

 

1.4  Ordering Information 
 

• Flash memory version (lead-free products) 
 

 
P lease re fer  to  "Qual i ty  Grades on NEC Semiconductor  Dev ices"  (Document  No.  C11531E)  pub l i shed  by
NEC Electronics Corporat ion to know the speci f icat ion of  the qual i ty grade on the device and i ts 
recommended applications.  
 

 

 

Part Number Package Quality Grade 

μPD78F1142GK-GAJ-AX 64-pin plastic LQFP (12 × 12) Standard 

μPD78F1142AGK-GAJ-AX 64-pin plastic LQFP (12 × 12) Standard 

μPD78F1143GK-GAJ-AX 64-pin plastic LQFP (12 × 12) Standard 

μPD78F1143AGK-GAJ-AX 64-pin plastic LQFP (12 × 12) Standard 

μPD78F1144GK-GAJ-AX 64-pin plastic LQFP (12 × 12) Standard 

μPD78F1144AGK-GAJ-AX 64-pin plastic LQFP (12 × 12) Standard 

μPD78F1145GK-GAJ-AX 64-pin plastic LQFP (12 × 12) Standard 

μPD78F1145AGK-GAJ-AX 64-pin plastic LQFP (12 × 12) Standard 

μPD78F1146GK-GAJ-AX 64-pin plastic LQFP (12 × 12) Standard 

μPD78F1146AGK-GAJ-AX 64-pin plastic LQFP (12 × 12) Standard 

μPD78F1142AGK (A)-GAJ-AX 64-pin plastic LQFP (12 × 12) Special 

μPD78F1143AGK (A)-GAJ-AX 64-pin plastic LQFP (12 × 12) Special 

μPD78F1144AGK (A)-GAJ-AX 64-pin plastic LQFP (12 × 12) Special 

μPD78F1145AGK (A)-GAJ-AX 64-pin plastic LQFP (12 × 12) Special 

μPD78F1146AGK (A)-GAJ-AX 64-pin plastic LQFP (12 × 12) Special 

μPD78F1142GB-GAH-AX 64-pin plastic LQFP (fine pitch) (10 × 10) Standard 

μPD78F1142AGB-GAH-AX 64-pin plastic LQFP (fine pitch) (10 × 10) Standard 

μPD78F1143GB-GAH-AX 64-pin plastic LQFP (fine pitch) (10 × 10) Standard 

μPD78F1143AGB-GAH-AX 64-pin plastic LQFP (fine pitch) (10 × 10) Standard 

μPD78F1144GB-GAH-AX 64-pin plastic LQFP (fine pitch) (10 × 10) Standard 

μPD78F1144AGB-GAH-AX 64-pin plastic LQFP (fine pitch) (10 × 10) Standard 

μPD78F1145GB-GAH-AX 64-pin plastic LQFP (fine pitch) (10 × 10) Standard 

μPD78F1145AGB-GAH-AX 64-pin plastic LQFP (fine pitch) (10 × 10) Standard 

μPD78F1146GB-GAH-AX 64-pin plastic LQFP (fine pitch) (10 × 10) Standard 

μPD78F1146AGB-GAH-AX 64-pin plastic LQFP (fine pitch) (10 × 10) Standard 

μPD78F1142AGB (A)-GAH-AX 64-pin plastic LQFP (fine pitch) (10 × 10) Special 

μPD78F1143AGB (A)-GAH-AX 64-pin plastic LQFP (fine pitch) (10 × 10) Special 

μPD78F1144AGB (A)-GAH-AX 64-pin plastic LQFP (fine pitch) (10 × 10) Special 

μPD78F1145AGB (A)-GAH-AX 64-pin plastic LQFP (fine pitch) (10 × 10) Special 

μPD78F1146AGB (A)-GAH-AX 64-pin plastic LQFP (fine pitch) (10 × 10) Special 



CHAPTER  2   PIN  FUNCTIONS 

User’s Manual  U17854EJ9V0UD 33

2.2  Description of Pin Functions 
 

2.2.1  P00 to P06 (port 0) 

P00 to P06 function as a 7-bit I/O port.  These pins also function as timer I/O, serial interface data I/O, and clock 

I/O. 

Input to the P03 and P04 pins can be specified through a normal input buffer or a TTL input buffer in 1-bit units, 

using port input mode register 0 (PIM0). 

Output from the P02 to P04 pins can be specified as normal CMOS output or N-ch open-drain output (VDD 

tolerance) in 1-bit units, using port output mode register 0 (POM0). 

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

 

(1) Port mode 

P00 to P06 function as a 7-bit I/O port.  P00 to P06 can be set to input or output port in 1-bit units using port 

mode register 0 (PM0).  Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 0 

(PU0).  

 

(2) Control mode 

P00 to P06 function as timer I/O, serial interface data I/O, and clock I/O. 

 

(a) TI00, TI05, TI06 

Thess are the pins for inputting an external count clock/capture trigger to 16-bit timer 00, 05, and 06. 

 

(b) TO00, TO05, TO06 

These are the timer output pins of 16-bit timer 00, 05, and 06. 

 

(c) SI10 

This is a serial data input pin of serial interface CSI10. 

 

(d) SO10 

This is a serial data output pin of serial interface CSI10. 

 

(e) SCK10  

This is a serial clock I/O pin of serial interface CSI10. 

 

(f) TxD1 

This is a serial data output pin of serial interface UART1. 

 

(g) RxD1 

This is a serial data input pin of serial interface UART1. 

 

(h) SDA10 

This is a serial data I/O pin of serial interface for simplified I2C. 
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Table 3-5.  SFR List (2/5) 

Manipulable Bit Range Address Special Function Register (SFR) Name Symbol R/W 

1-bit 8-bit 16-bit 

After Reset

FFF30H A/D converter mode register ADM R/W √ √ − 00H 

FFF31H Analog input channel specification register  ADS R/W √ √ − 00H 

FFF37H Key return mode register KRM R/W √ √ − 00H 

FFF38H External interrupt rising edge enable register 0 EGP0 R/W √ √ − 00H 

FFF39H External interrupt falling edge enable register 0 EGN0 R/W √ √ − 00H 

FFF3AH External interrupt rising edge enable register 1 EGP1 R/W √ √ − 00H 

FFF3BH External interrupt falling edge enable register 1 EGN1 R/W √ √ − 00H 

FFF3CH Input switch control register ISC R/W √ √ − 00H 

FFF3EH Timer input select register 0 TIS0 R/W √ √ − 00H 

FFF44H TXD1/

SIO10 

− √ 

FFF45H 

Serial data register 02 

− 

SDR02 R/W 

− − 

√ 0000H 

FFF46H RXD1 − √ 

FFF47H 

Serial data register 03 

− 

SDR03 R/W 

− − 

√ 0000H 

FFF50H IIC shift register 0 IIC0 R/W − √ − 00H 

FFF51H IIC flag register 0 IICF0 R/W √ √ − 00H 

FFF52H IIC control register 0  IICC0 R/W √ √ − 00H 

FFF53H IIC slave address register 0 SVA0 R/W − √ − 00H 

FFF54H IIC clock select register 0 IICCL0 R/W √ √ − 00H 

FFF55H IIC function expansion register 0 IICX0 R/W √ √ − 00H 

FFF56H IIC status register 0 IICS0 R √ √ − 00H 

FFF64H 

FFF65H 

Timer data register 02 TDR02 R/W − − √ 0000H 

FFF66H 

FFF67H 

Timer data register 03 TDR03 R/W − − √ 0000H 

FFF68H 

FFF69H 

Timer data register 04 TDR04 R/W − − √ 0000H 

FFF6AH 

FFF6BH 

Timer data register 05 TDR05 R/W − − √ 0000H 

FFF6CH 

FFF6DH 

Timer data register 06 TDR06 R/W − − √ 0000H 

FFF6EH 

FFF6FH 

Timer data register 07 TDR07 R/W − − √ 0000H 
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4.2  Port Configuration 
 

Ports include the following hardware. 

 

Table 4-3.  Port Configuration 

Item Configuration 

Control registers Port mode registers (PM0 to PM7, PM12, PM14) 

Port registers (P0 to P7, P12 to P14) 

Pull-up resistor option registers (PU0, PU1, PU3 to PU5, PU7, PU12, PU14) 

Port input mode registers (PIM0) 

Port output mode registers (POM0) 

A/D port configuration register (ADPC) 

Port Total: 55 (CMOS I/O: 46, CMOS input: 4, CMOS output: 1, N-ch open drain I/O: 4) 

Pull-up resistor Total: 38 
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 4.2.2  Port 1 

Port 1 is an 8-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 P10 to P17 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 external interrupt request input, serial interface data I/O, clock I/O, timer I/O, and 

real-time counter clock output. 

Reset signal generation sets port 1 to input mode. 

Figures 4-7 to 4-11 show block diagrams of port 1. 

 

 

Cautions 1. To use P10/SCK00 P11/SI00/RxD0 P12/SO00/TxD0, P13/TxD3, or P14/RxD3 as a general-

purpose port, note the serial array unit setting.  For details, refer to the following tables. 

  • Table 11-5 Relationship Between Register Settings and Pins (Channel 0 of Unit 0: CSI00, 

UART0 Transmission)  

  • Table 11-6 Relationship Between Register Settings and Pins (Channel 1 of Unit 0: UART0 

Reception) 

  • Table 11-9 Relationship Between Register Settings and Pins (Channel 2 of Unit 1: UART3 

Transmission) 

  • Table 11-10 Relationship Between Register Settings and Pins (Channel 3 of Unit 1: UART3 

Reception) 

 2. To use P16/TI01/TO01/INTP5 or P17/TI02/TO02 as a general-purpose port, set bits 1 and 2 

(TO01, TO02) of timer output register 0 (TO0) and bits 1 and 2 (TOE01, TOE02) of timer output 

enable register 0 (TOE0) to “0”, which is the same as their default status setting. 

 3. To use P15/RTCDIV/RTCCL as a general-purpose port, set bit 4 (RCLOE0) of real-time counter 

control register 0 (RTCC0) and bit 6 (RCLOE2) of real-time counter control register 2 (RTCC2) 

to “0”, which is the same as their default status settings. 
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Figure 4-8.  Block Diagram of P11 and P14 
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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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Notes 1. The internal reset processing time includes the oscillation accuracy stabilization time of the internal 

high-speed oscillation clock. 

2.  When releasing a reset (above figure) or releasing STOP mode while the CPU is operating on the 

internal high-speed oscillation clock, confirm the oscillation stabilization time for the X1 clock using the 

oscillation stabilization time counter status register (OSTC).  If the CPU operates on the high-speed 

system clock (X1 oscillation), set the oscillation stabilization time when releasing STOP mode using the 

oscillation stabilization time select register (OSTS).  
 

Cautions 1. A voltage oscillation stabilization time is required after the supply voltage reaches 1.59 V 

(TYP.).  If the supply voltage rises from 1.59 V (TYP.) to 2.07 V (TYP.) within the power supply 

oscillation stabilization time, the power supply oscillation stabilization time is automatically 

generated before reset processing. 

 2. It is not necessary to wait for the oscillation stabilization time when an external clock input 

from the EXCLK pin is used. 
 

Remark While the microcontroller is operating, a clock that is not used as the CPU clock can be stopped via 

software settings.  The internal high-speed oscillation clock and high-speed system clock can be stopped 

by executing the STOP instruction (see (4) in 5.6.1  Example of controlling high-speed system clock, 

(3) in 5.6.2  Example of controlling internal high-speed oscillation clock, and (3) in 5.6.3  Example 

of controlling subsystem clock). 
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Figure 6-37.  Example of Set Contents of Registers During Operation as Interval Timer/Square Wave Output 

(3/3) 
 

(2) When fSUB/4 is selected as count clock (continued) 
 

(e) Timer output enable register 0 (TOE0) 
 Bit k                 

TOE0 TOE0k 

1/0 

 0: Stops the TO0k output operation by counting operation. 

1: Enables the TO0k output operation by counting operation. 

 

(f) Timer output level register 0 (TOL0) 
 Bit k                 

TOL0 TOL0k 

0 
 0: Cleared to 0 when TOM0k = 0 (toggle mode) 

 

(g) Timer output mode register 0 (TOM0) 
 Bit k                 

TOM0 TOM0k 

0 
 0: Sets toggle mode. 

 

Remark n = 0 to 7, m = 0, 1, k = 0 to 6 
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Figure 10-18.  Flowchart of Procedure for Using Temperature Sensor 
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ADM ← 00XXX011B

ADS ← 80H No
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No
INTAD occurred?

Yes

No
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Yes

Read A/D conversion 
result (ADT1)

Read ADCR register

Obtain the current temperature 
(TNOW) by calculation 

(see 11.5.3 (2)) or table reference
ADS ← 81H

 
 

Caution  Use the result of the second or later A/D conversion for temperature sensor 0 (ANI0 side), and 

the result of the third or later A/D conversion for temperature sensor 1 (ANI1 side). 

 

Remark Steps <1> to <17> in Figure 10-18 correspond to steps <1> to <17> in 10.5.4 (2)  Procedure for 

obtaining ADT0 and ADT1 of temperature sensors 0 and 1. 
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(12) Internal equivalent circuit 

The equivalent circuit of the analog input block is shown below. 

 

Figure 10-28.  Internal Equivalent Circuit of ANIn Pin 

 

ANIn

C1 C2 

R1

 
 

Table 10-6.  Resistance and Capacitance Values of Equivalent Circuit (Reference Values) 

AVREF R1 C1 C2 

4.0 V ≤ VDD ≤ 5.5 V 8.1 kΩ 8 pF 5 pF 

2.7 V ≤ VDD < 4.0 V 31 kΩ 8 pF 5 pF 

2.3 V ≤ VDD < 2.7 V 381 kΩ 8 pF 5 pF 

 

Remarks 1. The resistance and capacitance values shown in Table 10-6 are not guaranteed values. 

 2. n = 0 to 7 

 

 

(13) Starting the A/D converter 

Start the A/D converter after the AVREF voltage stabilize. 

 

 

 

<R> 
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11.5.4  Slave transmission 

Slave transmission is that the 78K0R/KE3 transmits data to another device in the state of a transfer clock being 

input from another device. 

 

3-Wire Serial I/O CSI00 CSI10 

Target channel Channel 0 of SAU0 Channel 2 of SAU0 

Pins used SCK00, SO00 SCK10, SO10 

INTCSI00 INTCSI10 Interrupt 

Transfer end interrupt (in single-transfer mode) or buffer empty interrupt (in continuous transfer mode) 

can be selected. 

Error detection flag Overrun error detection flag (OVF0n) only 

Transfer data length 7 or 8 bits 

Transfer rate Max. fMCK/6 [Hz]Notes 1, 2 

Data phase Selectable by DAP0n bit 

• DAP0n = 0: Data output starts from the start of the operation of the serial clock. 

• DAP0n = 1: Data output starts half a clock before the start of the serial clock operation. 

Clock phase Selectable by CKP0n bit 

• CKP0n = 0: Forward 

• CKP0n = 1: Reverse 

Data direction MSB or LSB first 

 

Notes 1. Because the external serial clock input to pins SCK00, SCK10 is sampled internally and used, the fastest 

transfer rate is fMCK/6 [Hz]. 

2. Use this operation within a range that satisfies the conditions above and the AC characteristics in the 

electrical specifications (see CHAPTER 27  ELECTRICAL SPECIFICATIONS (STANDARD 

PRODUCTS) and CHAPTER 28  ELECTRICAL SPECIFICATIONS ((A) GRADE PRODUCTS)). 

 

Remarks 1.  fMCK: Operation clock (MCK) frequency of target channel 

2.  n: Channel number (n = 0, 2) 
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Figure 11-78.  Flowchart of UART Transmission (in Continuous Transmission Mode) 
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<2>

<3>

Buffer empty interrupt 
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<4> 

<5>

<6> 

 
 

Caution After setting the PER0 register to 1, be sure to set the SPSm register after 4 or more clocks 

have elapsed. 
 

Remark <1> to <6> in the figure correspond to <1> to <6> in Figure 11-77  Timing Chart of UART 

Transmission (in Continuous Transmission Mode). 
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(3) Processing flow 

 

Figure 11-83.  Timing Chart of UART Reception  

 
SSmn

SEmn

SDRmn

RxDq pin

Shift
register mn

INTSRq

TSFmn

PST ST P ST P

STmn

SP SP SP

Data reception (7-bit length) Data reception (7-bit length) Data reception (7-bit length)

Receive data 1 Receive data 2

Receive data 3Receive data 2Receive data 1

Shift operation Shift operation Shift operation

Receive data 3

 
 

Remark m: Unit number (m = 0, 1), n: Channel number (n = 1, 3), mn = 01, 03, 13,  

q: UART number (q = 0, 1, 3) 
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11.7.2  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 

Target channel Channel 2 of SAU0 

Pins used SCL10, SDA10Note 

INTIIC10 Interrupt 

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

Error detection flag Parity error detection flag (PEF02) 

Transfer data length 8 bits 

Transfer rate Max. fMCK/4 [Hz] (SDR02[15:9] = 1 or more) fMCK: Operation clock (MCK) frequency of target channel

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 N-ch open-drain output (VDD tolerance) mode (POM03 = 1) 

for the port output mode registers (POM0) (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 (POM04 = 1) also for the clock input/output pins (SCL10) (see 4.4.4 Connecting to external device 

with different potential (2.5 V, 3 V) for details). 

 

 

<R> 
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(1)  Master device operation 

 

(a)  Start ~ Address ~ Data ~ Data ~ Stop (transmission/reception) 

 

(i)  When WTIM0 = 0 

 

 

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

SPT0 = 1
↓

  3   4   5  2  1  
 

1: IICS0 = 1000×110B 

2: IICS0 = 1000×000B 

3: IICS0 = 1000×000B (Sets WTIM0 to 1)Note 

4: IICS0 = 1000××00B (Sets SPT0 to 1)Note 

5: IICS0 = 00000001B 

 

Note To generate a stop condition, set WTIM0 to 1 and change the timing for generating the INTIIC0 interrupt 

request signal. 

 

Remark : Always generated 

 : Generated only when SPIE0 = 1 

 ×:  Don’t care 

 

 

(ii)  When WTIM0 = 1 

 

 

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

SPT0 = 1
↓

  3   4  2  1  
 

1: IICS0 = 1000×110B 

2: IICS0 = 1000×100B 

3: IICS0 = 1000××00B (Sets SPT0 to 1) 

4: IICS0 = 00000001B 

 

Remark  : Always generated 

 : Generated only when SPIE0 = 1 

 ×:  Don’t care 
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14.4  Operation of DMA Controller 
 

14.4.1  Operation procedure 

 

<1>  The DMA controller is enabled to operate when DENn = 1.  Before writing the other registers, be sure to set 

DENn to 1.  Use 80H to write with an 8-bit manipulation instruction. 

<2>  Set an SFR address, a RAM address, the number of times of transfer, and a transfer mode of DMA transfer 

to the DSAn, DRAn, CBCn, and DMCn registers. 

<3>  The DMA controller waits for a DMA trigger when DSTn = 1.  Use 81H to write with an 8-bit manipulation 

instruction. 

<4>  When a software trigger (STGn) or a start source trigger specified by IFCn3 to IFCn0 is input, a DMA transfer 

is started. 

<5> Transfer is completed when the number of times of transfer set by the DBCn register reaches 0, and transfer 

is automatically terminated by occurrence of an interrupt (INTDMAn). 

<6> Stop the operation of the DMA controller by clearing DENn to 0 when the DMA controller is not used. 
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CHAPTER  16   KEY  INTERRUPT  FUNCTION 
 

 

16.1  Functions oφ Key Interrupt 
 

A key interrupt (INTKR) can be generated by setting the key return mode register (KRM) and inputting a falling 

edge to the key interrupt input pins (KR0 to KR7). 

 

Table 16−1.  Assignµent oφ K ey Interrupt Detection Pins 

Flag Description 

KRM0 Controls KR0 signal in 1-bit units. 

KRM1 Controls KR1 signal in 1-bit units. 

KRM2 Controls KR2 signal in 1-bit units. 

KRM3 Controls KR3 signal in 1-bit units. 

KRM4 Controls KR4 signal in 1-bit units. 

KRM5 Controls KR5 signal in 1-bit units. 

KRM6 Controls KR6 signal in 1-bit units. 

KRM7 Controls KR7 signal in 1-bit units. 

 

16.2  Conφiguration oφ Key Interrupt 
 

The key interrupt includes the following hardware. 

 

Table 16−2.  Conφiguration oφ Key Interrupt 

Item Configuration 

Control register Key return mode register (KRM) 

Port mode register 7 (PM7) 

 

Figure 16−1.  Block Diag raµ oφ Key Interrupt 
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