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CHAPTER 1 OUTLINE

1.3 Applications

O Home appliances
e Laser printer motors
o Clothes washers
e Air conditioners
o Refrigerators
O Home audio systems

O Digital cameras, digital video cameras

1.4 Ordering Information

¢ Flash memory version (lead-free products)

Part Number

Package

Quality Grade

1PD78F1142GK-GAJ-AX
1PD78F1142AGK-GAJ-AX
(PD78F1143GK-GAJ-AX
1PD78F1143AGK-GAJ-AX
(PD78F1144GK-GAJ-AX
1PD78F1144AGK-GAJ-AX
1PD78F1145GK-GAJ-AX
1PD78F1145AGK-GAJ-AX
1PD78F1146GK-GAJ-AX
1PD78F1146AGK-GAJ-AX
1PD78F1142AGK (A)-GAJ-AX
(PD78F1143AGK (A)-GAJ-AX
1PD78F1144AGK (A)-GAJ-AX
1PD78F1145AGK (A)-GAJ-AX
1PD78F1146AGK (A)-GAJ-AX
(PD78F1142GB-GAH-AX
(PD78F1142AGB-GAH-AX
1PD78F1143GB-GAH-AX
(PD78F1143AGB-GAH-AX
1PD78F1144GB-GAH-AX
(PD78F1144AGB-GAH-AX
(PD78F1145GB-GAH-AX
(PD78F1145AGB-GAH-AX
1PD78F1146GB-GAH-AX
1PD78F1146AGB-GAH-AX
1PD78F1142AGB (A)-GAH-AX
1PD78F1143AGB (A)-GAH-AX
(PD78F1144AGB (A)-GAH-AX
(PD78F1145AGB (A)-GAH-AX
1PD78F1146AGB (A)-GAH-AX

64-pin plastic LQFP (12 x 12)
64-pin plastic LQFP (12 x 12)
64-pin plastic LQFP (12 x 12)
64-pin plastic LQFP (12 x 12)
64-pin plastic LQFP (12 x 12)
64-pin plastic LQFP (12 x 12)
64-pin plastic LQFP (12 x 12)
64-pin plastic LQFP (12 x 12)
64-pin plastic LQFP (12 x 12)
64-pin plastic LQFP (12 x 12)
64-pin plastic LQFP (12 x 12)
64-pin plastic LQFP (12 x 12)
64-pin plastic LQFP (12 x 12)
64-pin plastic LQFP (12 x 12)
64-pin plastic LQFP (12 x 12)
64-pin plastic LQFP (fine pitch) (10 x 10)
64-pin plastic LQFP (fine pitch) (10 x 10)
64-pin plastic LQFP (fine pitch) (10 x 10)
64-pin plastic LQFP (fine pitch) (10 x 10)
64-pin plastic LQFP (fine pitch) (10 x 10)
64-pin plastic LQFP (fine pitch) (10 x 10)
64-pin plastic LQFP (fine pitch) (10 x 10)
64-pin plastic LQFP (fine pitch) (10 x 10)
64-pin plastic LQFP (fine pitch) (10 x 10)
64-pin plastic LQFP (fine pitch) (10 x 10)
64-pin plastic LQFP (fine pitch) (10 x 10)
64-pin plastic LQFP (fine pitch) (10 x 10)
64-pin plastic LQFP (fine pitch) (10 x 10)
64-pin plastic LQFP (fine pitch) (10 x 10)
64-pin plastic LQFP (fine pitch) (10 x 10)

Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Special
Special
Special
Special
Special
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Standard
Special
Special
Special
Special
Special

Please refer to "Quality Grades on NEC Semiconductor Devices" (Document No. C11531E) published by
NEC Electronics Corporation to know the specification of the quality grade on the device and its

recommended applications.
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CHAPTER 2 PIN FUNCTIONS

2.2 Description of Pin Functions

2.2.1 P00 to P06 (port 0)

P00 to P06 function as a 7-bit 1/0O port. These pins also function as timer I/O, serial interface data I/0, and clock
I/0.

Input to the PO3 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 (PIMO).

Output from the P02 to P04 pins can be specified as normal CMOS output or N-ch open-drain output (Vbp
tolerance) in 1-bit units, using port output mode register 0 (POMO).

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 (PMO0). Use of an on-chip pull-up resistor can be specified by pull-up resistor option register 0
(PUO).

(2) Control mode
P00 to P06 function as timer I/O, serial interface data 1/O, and clock I/O.

(a) TIOO, TIOS5, TIO6
Thess are the pins for inputting an external count clock/capture trigger to 16-bit timer 00, 05, and 06.

(b) TOO00, TOO05, 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) so1o
This is a serial data output pin of serial interface CSI10.

(e) SCK10
This is a serial clock 1/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 1/O pin of serial interface for simplified I°C.
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CHAPTER 3 CPU ARCHITECTURE

Table 3-5. SFR List (2/5)

Address Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range | After Reset
1-bit 8-bit 16-bit
FFF30H | A/D converter mode register ADM R/W v \/ - O0H
FFF31H | Analog input channel specification register ADS R/W v N - 00H
FFF37H | Key return mode register KRM R/W v \/ - 00H
FFF38H | External interrupt rising edge enable register O EGPO R/W v N - 00H
FFF39H | External interrupt falling edge enable register 0 EGNO R/W v S - O0H
FFF3AH | External interrupt rising edge enable register 1 EGP1 R/W v N - 00H
FFF3BH | External interrupt falling edge enable register 1 EGN1 R/W v S - O0H
FFF3CH | Input switch control register ISC R/W y J - O0H
FFF3EH | Timer input select register 0 TISO R/W v \/ - 00H
FFF44H | Serial data register 02 TXD1/ | SDR02 | R/W - J d 0000H
SI010
FFF45H - - -
FFF46H | Serial data register 03 RXD1 | SDR03| R/W - d N 0000H
FFF47H - - -
FFF50H | IIC shift register O liIco R/W - S - 00H
FFF51H | IIC flag register 0 IICFO R/W v N - O0H
FFF52H | IIC control register 0 licco R/W v \/ - O0H
FFF53H | IIC slave address register 0 SVAO R/W - J - 00H
FFF54H | IIC clock select register 0 lICCLO R/W y J - O0H
FFF55H | IIC function expansion register 0 1ICX0 R/W v N - O0H
FFF56H | IIC status register 0 1ICS0 R v \ - 00H
FFF64H | Timer data register 02 TDRO02 R/W - - v 0000H
FFF65H
FFF66H | Timer data register 03 TDRO3 R/W - - N 0000H
FFF67H
FFF68H | Timer data register 04 TDRO04 R/W - - N 0000H
FFF69H
FFF6AH | Timer data register 05 TDRO5 R/W - - N 0000H
FFF6BH
FFF6CH | Timer data register 06 TDRO06 R/W - - N 0000H
FFF6DH
FFF6EH | Timer data register 07 TDRO7 R/W - - N 0000H
FFF6FH
70 User's Manual U17854EJ9VOUD




CHAPTER 4 PORT FUNCTIONS

4.2 Port Configuration

Ports include the following hardware.

Table 4-3. Port Configuration

Iltem

Configuration

Control registers

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

Port registers (PO to P7, P12 to P14)

Pull-up resistor option registers (PUO, PU1, PU3 to PU5, PU7, PU12, PU14)
Port input mode registers (PIMO)

Port output mode registers (POMO)

A/D port configuration register (ADPC)

Port

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

Pull-up resistor

Total: 38
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CHAPTER 4 PORT FUNCTIONS

4.2.2 Port1

Port 1 is an 8-bit I/0 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 1/O, clock 1/O, timer 1/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/TxDO0, P13/TxD3, or P14/RxD3 as a general-

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

o Table 11-5 Relationship Between Register Settings and Pins (Channel 0 of Unit 0: CSI00,
UARTO Transmission)

¢ Table 11-6 Relationship Between Register Settings and Pins (Channel 1 of Unit 0: UARTO
Reception)

o 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
(TOO01, TO02) of timer output register 0 (TO0) and bits 1 and 2 (TOE01, TOE02) of timer output
enable register 0 (TOEOQ) 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 (RCLOEO) of real-time counter
control register 0 (RTCCO) 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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CHAPTER 4 PORT FUNCTIONS

Figure 4-8. Block Diagram of P11 and P14

Internal bus

EVoo
WReu
l PU1
& PU11, PU14 ) | b-ch
-C
Alternate
function
RD
I 8 :] :] |
& 3
| o
%))
WRPpoRT
P1
Output latch
& ot P14 © P11/SI00/RxDO,
(P11, P14) P14/RxD3
WRem
PMA1
S PM11, PM14
P1: Port register 1

PU1: Pull-up resistor option register 1
PM1:  Port mode register 1

RD: Read signal

WRxx: Write signal
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CHAPTER 5 CLOCK GENERATOR

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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CHAPTER 6 TIMER ARRAY UNIT

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

(3/3)

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

(e) Timer output enable register 0 (TOEO)

TOEO

Bit k

TOEOk
1/0

0: Stops the TOOk output operation by counting operation.

1: Enables the TOOk output operation by counting operation.

(f) Timer output level register 0 (TOLO)

TOLO

Bit k

TOLOk
0

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

(g) Timer output mode register 0 (TOMO)

TOMO

Bit k

TOMOk
0

0: Sets toggle mode.

Remark n=0to7, m=0,1,k=0to6
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CHAPTER 10 A/D CONVERTER

Figure 10-18. Flowchart of Procedure for Using Temperature Sensor

( STP‘xF{T )

ADCEN of PERO register = 1

ADCE of ADM register = 1

ADM « 00XXX011B

ADS « 80H

ADCS of ADM register = 1

INTAD occurred?

INTAD occurred?

Read ADCR register

ADS « 81H

<1> Starts the supply of the

input clock to A/D converter

<2> Starts the operation of
the comparator

<3> Sets conversion time

<4> Select temperature
sensor 0 as input source

<5> Starts A/D conversion
operation

<6>First A/D conversion

<7>Second A/D conversion

<8> Read A/D conversion
result (ADTO)

<9>Select temperature
sensor 1 as input source

INTAD occurred?

INTAD occurred?

INTAD occurred?

Read ADCR register

Obtain the current temperature
(Tnow) by calculation
(see 11.5.3 (2)) or table reference

ADCS =0

( END )

<10> First A/D conversion

<11>Second A/D conversion

<12> Third A/D conversion

<13> Read A/D conversion
result (ADT1)

<14>

<15> Stops A/D conversion
operation

<16> Stops the operation of
the comparator

<17>Stops the supply of the
input clock to A/D converter

Caution Use the result of the second or later A/D conversion for temperature sensor 0 (ANIO 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 ADTO0 and ADT1 of temperature sensors 0 and 1.
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CHAPTER 10 A/D CONVERTER

(12) Internal equivalent circuit
The equivalent circuit of the analog input block is shown below.

Figure 10-28. Internal Equivalent Circuit of ANIn Pin

R1

Ct1 c2

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

AVrer R1 (o} c2
40V<Vop<55V 8.1 kQ 8 pF 5 pF
2.7V<Voo<4.0V 31 kQ 8 pF 5 pF
23V<Von<27V 381 kQ 8 pF 5 pF

Remarks 1. The resistance and capacitance values shown in Table 10-6 are not guaranteed values.
2. n=0to7

<R> (13) Starting the A/D converter
Start the A/D converter after the AVRer voltage stabilize.
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CHAPTER 11 SERIAL ARRAY UNIT

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

input from another device.

3-Wire Serial I/0 CSloo Csli10
Target channel Channel 0 of SAUO Channel 2 of SAUO
Pins used SCK00, SO00 SCK10, SO10
Interrupt INTCSI00 INTCSI10

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 (OVFOn) only

Transfer data length

7 or 8 bits

Transfer rate

Max. fuck/6 [Hz]""?

Data phase Selectable by DAPON bit
o DAPON = 0: Data output starts from the start of the operation of the serial clock.
 DAPOn = 1: Data output starts half a clock before the start of the serial clock operation.
Clock phase Selectable by CKPOn bit

e CKPON = 0: Forward
e CKPON = 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 fuck/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. fuck: Operation clock (MCK) frequency of target channel

2. n: Channel number (n =0, 2)

392
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CHAPTER 11 SERIAL ARRAY UNIT

Figure 11-78. Flowchart of UART Transmission (in Continuous Transmission Mode)

Starting UART communication

Setting SAU1EN and SAUOEN
bits of PERO register to 1

Setting operation clock by

SPSm register

SMRmn, SCRmn:

SDRmn[15:9]: Setting transfer rate
SOLmn: Setting output data level
SOm, SOEm: Setting output

Setting communication

‘ Port manipulation ‘

‘ Writing 1 to SSmn bit ‘

»
>

Perform initial setting when SEmn = 0.

<1> Select the buffer empty interrupt.

&
<

Writing transmit data to
TXDq (=SDRmn[7:0])

l<
<

<2>

Buffer empty interrupt
generated?

<3>

No

‘ Clearing 0 to MDmnNO bit

L ——

Yes

Ye
Transmitting next data?

<4>

Yes <5>

<&
<
) N
Transfer end interrupt
generated?
>

Writing 1 to MDmnO bit

Caution

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

»
Communication continued?
No

‘ Writing 1 to STmn bit

Clearing SAU1EN and SAUOEN
bits of PERO register to 0

End of communication

<6>

Transmission (in Continuous Transmission Mode).
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CHAPTER 11 SERIAL ARRAY UNIT

(3) Processing flow

SSmn

STmn
SEmn

SDRmn

RxDq pin
Shift
register mn
INTSRq

TSFmn

Figure 11-83. Timing Chart of UART Reception

|_|I—
Receive data 3 —\
Receive data 1 Receive data 2
ST/ Receive data 1 XP/sP  N\ST/ Receive data 2 XP/s ST/ Receive data 3 XP /sp
Data reception (7-bit length) Data reception (7-bit length) Data reception (7-bit length)
Remark m: Unit number (m =0, 1), n: Channel number (n =1, 3), mn =01, 03, 13,
g: UART number (q =0, 1, 3)
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CHAPTER 11 SERIAL ARRAY UNIT

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°C lIc10
Target channel Channel 2 of SAUO
Pins used SCL10, SDA10™"*
Interrupt INTHC10

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

Error detection flag Parity error detection flag (PEF02)

Transfer data length 8 bits

<R> | Transfer rate Max. fuck/4 [Hz] (SDR02[15:9] = 1 or more) fuck: Operation clock (MCK) frequency of target channel
However, the following condition must be satisfied in each mode of I°C.

e Max. 400 kHz (first mode)

e 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 I°C, set the N-ch open-drain output (Vop tolerance) mode (POMO03 = 1)
for the port output mode registers (POMO) (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 (Vop tolerance)
mode (POMO04 = 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).
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CHAPTER 12 SERIAL INTERFACE IICO

(1) Master device operation

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

(i) When WTIMO = 0

A1:1ICSO = 1000x110B
A2: ]ICSO = 1000x000B

A3: 1ICS0 = 1000x000B (Sets WTIMO to 1)**
A4: |ICSO = 1000xx00B (Sets SPTO to 1)**

Ab: 1ICS0 = 00000001B

SPTO = 1
l
ST | AD6 to ADO | R/W | ACK D7 to DO ACK D7 to DO ACK | SP
A1 A2 A3 A4 A5

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

request signal.

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care

(i) When WTIMO = 1

A1:1ICSO = 1000x110B
A2: ]ICSO = 1000x100B

A3: [ICSO = 1000xx00B (Sets SPTO to 1)

A4: 1ICS0 = 00000001B

Remark A: Always generated
A: Generated only when SPIEO = 1
x: Don’t care

SPTO =1
N

ST | AD6to ADO | R/W | ACK D7 to DO ACK D7 to DO ACK | SP
AT A2 A3

A4
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CHAPTER 14 DMA CONTROLLER

14.4 Operation of DMA Controller

14.4.1 Operation procedure

<1>

<2>

<3>

<4>

<5>

<6>

The DMA controller is enabled to operate when DENn = 1. Before writing the other registers, be sure to set
DENnN to 1. Use 80H to write with an 8-bit manipulation instruction.

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.

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

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

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 (INTDMAR).

Stop the operation of the DMA controller by clearing DENn to 0 when the DMA controller is not used.

User's Manual U17854EJ9VOUD 557



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 (KRO to KR7).

S
Flag Description
KRMO Controls KRO 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.

The key interrupt includes the following hardware.

- 0 o
ltem Configuration
Control register Key return mode register (KRM)
<R> Port mode register 7 (PM7)
- no
KR7/P77/INTP11 o! )
KR6/P76/INTP10 ODi
KR5/P75/INTP9 ODi
KR4/P74/INTP8
KR3/P73
KR2/P72 gl )
KR1/P71 gl )
KRO/P70

[KRM7|KRM6|KRMS [KRM4|KRM3|KRM2|KRM1|KRMO|
Key return mode register (KRM)
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