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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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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, clock I/O, 

internal system clock output, and external wait signal input. 

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, clock I/O, internal system clock output, and external 

wait signal input. 

 

(a) TI00 

This is a pin for inputting an external count clock/capture trigger to 16-bit timer 00. 

 

(b) TO00 

This is a timer output pin of 16-bit timer 00. 

 

(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. 

 

(i) SCL10 

This is a serial clock I/O pin of serial interface for simplified I2C. 
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Table 3-6.  Extended SFR (2nd SFR) List (1/5) 

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

1-bit 8-bit 16-bit 

After Reset

F0017H A/D port configuration register ADPC R/W − √ − 10H 

F0030H Pull-up resistor option register 0 PU0 R/W √ √ − 00H 

F0031H Pull-up resistor option register 1 PU1 R/W √ √ − 00H 

F0033H Pull-up resistor option register 3 PU3 R/W √ √ − 00H 

F0034H Pull-up resistor option register 4 PU4 R/W √ √ − 00H 

F0035H Pull-up resistor option register 5 PU5 R/W √ √ − 00H 

F0036H Pull-up resistor option register 6 PU6 R/W √ √ − 00H 

F0037H Pull-up resistor option register 7 PU7 R/W √ √ − 00H 

F0038H Pull-up resistor option register 8 PU8 R/W √ √ − 00H 

F003CH Pull-up resistor option register 12 PU12 R/W √ √ − 00H 

F003DH Pull-up resistor option register 13 PU13 R/W √ √ − 00H 

F003EH Pull-up resistor option register 14 PU14 R/W √ √ − 00H 

F0040H Port input mode register 0 PIM0 R/W √ √ − 00H 

F0044H Port input mode register 4 PIM4 R/W √ √ − 00H 

F004EH Port input mode register 14 PIM14 R/W √ √ − 00H 

F0050H Port output mode register 0 POM0 R/W √ √ − 00H 

F0054H Port output mode register 4 POM4 R/W √ √ − 00H 

F005EH Port output mode register 14 POM14 R/W √ √ − 00H 

F0060H Noise filter enable register 0 NFEN0 R/W √ √ − 00H 

F0061H Noise filter enable register 1 NFEN1 R/W √ √ − 00H 

F00F0H Peripheral enable register 0 PER0 R/W √ √ − 00H 

F00F1H Peripheral enable register 1 PER1 R/W √ √ − 00H 

F00F2H Internal high-speed oscillator trimming register HIOTRM R/W − √ − 10H 

F00F3H Operation speed mode control register OSMC R/W − √ − 00H 

F00F4H Regulator mode control register RMC R/W − √ − 00H 

F00FEH BCD adjust result register BCDADJ R − √ − Undefined

F0100H SSR00L − √ 

F0101H 

Serial status register 00 

− 

SSR00 R 

− − 

√ 0000H 

F0102H SSR01L − √ 

F0103H 

Serial status register 01 

− 

SSR01 R 

− − 

√ 0000H 

F0104H SSR02L − √ 

F0105H 

Serial status register 02 

− 

SSR02 R 

− − 

√ 0000H 

F0106H SSR03L − √ 

F0107H 

Serial status register 03 

− 

SSR03 R 

− − 

√ 0000H 

F0108H SIR00L − √ 

F0109H 

Serial flag clear trigger register 00 

− 

SIR00 R/W 

− − 

√ 0000H 

F010AH SIR01L − √ 

F010BH 

Serial flag clear trigger register 01 

− 

SIR01 R/W 

− − 

√ 0000H 

F010CH SIR02L − √ 

F010DH 

Serial flag clear trigger register 02 

− 

SIR02 R/W 

− − 

√ 0000H 

F010EH SIR03L − √ 

F010FH 

Serial flag clear trigger register 03 

− 

SIR03 R/W 

− − 

√ 0000H 
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(2)  Setting procedure when using I/O pins of simplified IIC10 and IIC20 functions  

<1>  After reset release, the port mode is the input mode (Hi-Z).   

<2>  Externally pull up the pin to be used (on-chip pull-up resistor cannot be used).   

 

In case of simplified IIC10: P03, P04  

In case of simplified IIC20: P142, P143  

 

<3>  Set the output latch of the corresponding port to 1.  

<4>  Set the corresponding bit of the POMn register to 1 to set the N-ch open drain output (VDD withstand 

voltage) mode.   

<5>  Set the corresponding bit of the PMn register to the output mode (data I/O is possible in the output 

mode).  

At this time, the output data is high level, so the pin is in the Hi-Z state.   

<6>  Enable the operation of the serial array unit and set the mode to the simplified IIC mode.  

 

Remark  n = 0, 14 
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Caution When using the X1 oscillator and XT1 oscillator, wire as follows in the area enclosed by the 

broken lines in the Figures 6-10 and 6-11 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-amplitude circuit for reducing power 

consumption. 

 

Figure 6-12 shows examples of incorrect resonator connection. 

 

Figure 6-12.  Examples of Incorrect Resonator Connection (1/2) 

 

 (a)  Too long wiring  (b) Crossed signal line 

 

X2VSS X1 X1VSS X2

PORT

 
 

Remark  When using the subsystem clock, replace X1 and X2 with XT1 and XT2, respectively.  Also, insert 

resistors in series on the XT2 side. 
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Figure 7-64.  Operation Procedure of One-Shot Pulse Output Function (1/2) 
 

 Software Operation Hardware Status 

 Power-off status 

(Clock supply is stopped and writing to each register is 

disabled.) 

Sets the TAU0EN bit of the PER0 register to 1. Power-on status.  Each channel stops operating. 

(Clock supply is started and writing to each register is 

enabled.) 

TAU 

default 

setting 

Sets the TPS0 register. 

Determines clock frequencies of CK00 and CK01. 

 

Sets the TMR0n and TMR0m registers of two channels 

to be used (determines operation mode of channels). 

An output delay is set to the TDR0n register of the 

master channel, and a pulse width is set to the TDR0m 

register of the slave channel. 

Channel stops operating. 

(Clock is supplied and some power is consumed.) 

Channel 

default 

setting 

Sets slave channel. 

The TOM0m bit of the TOM0 register is set to 1 

(combination operation mode). 

Sets the TOL0m bit. 

Sets the TO0m bit and determines default level of the 

TO0m output. 

 

Sets TOE0m to 1 and enables operation of TO0m. 

Clears the port register and port mode register to 0. 

The TO0m pin goes into Hi-Z output state. 

 

 

 

 

The TO0m default setting level is output when the port 

mode register is in output mode and the port register is 0. 

TO0m does not change because channel stops operating.

The TO0m pin outputs the TO0m set level. 

 

Remark n = 0, 2, 4, 6 

 m = n + 1 
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The D/A converter includes the following hardware. 

Table 12-1.  Configuration of D/A Converter 

Item Configuration 

Control registers Peripheral enable register 0 (PER0) 

D/A converter mode register (DAM) 

8-bit D/A conversion value setting registers 0, 1 (DACS0, DACS1) 

 

(1) AVREF1 pin 

This is the D/A converter reference voltage input pin and the positive power supply pin of P110, P111, and the 

D/A converter. 

The voltage that can be supplied to AVREF1 varies as follows, depending on whether the P110/ANO0 and 

P111/ANO1 pins are used as digital I/Os or analog outputs. 

 

Table 12-2.  AVREF1 Voltage Applied to P110/ANO0 and P111/ANO1 Pins 

Analog/Digital VDD Condition AVREF1 Voltage 

Using at least one pin as an analog output and using all 

pins not as digital I/Os 

1.8 V ≤ VDD ≤ 5.5 V 1.8 V ≤ AVREF1 ≤ VDD = EVDD0 = EVDD1 

2.7 V ≤ VDD ≤ 5.5 V 2.7 V ≤ AVREF1 ≤ VDD = EVDD0 = EVDD1 Pins used as analog outputs and digital I/Os are 

mixedNote 1.8 V ≤ VDD < 2.7 V AVREF1 has same potential as EVDD0, 

EVDD1, and VDD 

2.7 V ≤ VDD ≤ 5.5 V 2.7 V ≤ AVREF1 ≤ VDD = EVDD0 = EVDD1 Using at least one pin as a digital I/O and using all pins 

not as analog outputsNote 1.8 V ≤ VDD < 2.7 V AVREF1 has same potential as EVDD0, 

EVDD1, and VDD 

Note AVREF1 is the reference for the I/O voltage of a port to be used as a digital port. 

 • High-/low-level input voltage (VIH5/VIL5) 

 • High-/low-level output voltage (VOH2/VOL2) 
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Figure 13-39.  Flowchart of Master Reception (in Continuous Reception Mode) 

 
Starting CSI communication

Writing 1 to SSmn bit 

Reading receive data from

SIOp (=SDRmn[7:0]) 

Writing 1 to STmn bit 

Perform initial setting when SEmn = 0. 

<1> Select the buffer empty interrupt. 

SMRmn, SCRmn: Setting communication

SDRmn[15:9]: Setting transfer rate 

SOm Setting output and SCKp output 

Yes

Yes

No

No

Setting SAU1EN and SAU0EN 

bits of PER0 register to 1 

Setting transfer rate by 

SPSm register 

Port manipulation 

End of communication

Clearing 0 to MDmn0 bit 

No

Transfer end interrupt 
generated? 

Yes
No 

Communication continued?
Yes 

Yes

Clearing SAU1EN and SAU0EN 

bits of PER0 register to 0 

The following is the last
receive data? 

Writing dummy data to SIOp 

(=SDRmn[7:0]) 

TSFmn = 1? 

Reading receive data from

SIOp (=SDRmn[7:0]) 

Writing 1 to MDmn0 bit 

Buffer empty interrupt 
generated? 

<2> 

<3> 

<5> 

<6> 

<7> 

<4> 

<8> 

No

 
 

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 <8> in the figure correspond to <1> to <8> in Figure 13-38  Timing Chart of Master 

Reception (in Continuous Reception Mode). 

<R> 
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Figure 13-47.  Flowchart of Master Transmission/Reception (in Continuous Transmission/Reception Mode) 

 

 

Starting CSI communication

Writing 1 to SSmn bit 

Reading receive data from

SIOp (=SDRmn[7:0]) 

Writing 1 to STmn bit 

Perform initial setting when SEmn = 0. 

<1> Select the buffer empty interrupt. 

SMRmn, SCRmn: Setting communication

SDRmn[15:9]: Setting transfer rate 

SOm, SOEm: Setting output and SCKp output 

Yes

Yes

No

No

Setting SAU1EN and SAU0EN 

bits of PER0 register to 1 

Setting operation clock by 

SPSm register 

Port manipulation 

End of communication

Clearing 0 to MDmn0 bit 

No

Transfer end interrupt 
generated? 

Yes
No 

Communication continued?
Yes 

Yes

Clearing SAU1EN and SAU0EN 

bits of PER0 register to 0 

Communication data 
exists?

Writing transmit data to 

SIOp (=SDRmn[7:0]) 

TSFmn = 1? 

Reading receive data from

SIOp (=SDRmn[7:0]) 

Writing 1 to MDmn0 bit 

Buffer empty interrupt 
generated? 

<2> 

<3> 

<5> 

<6> 

<7> 

<4> 

<8> 

No

 
 

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 <8> in the figure correspond to <1> to <8> in Figure 13-46  Timing Chart of Master 

Transmission/Reception (in Continuous Transmission/Reception Mode). 



CHAPTER  13   SERIAL  ARRAY  UNIT 

User’s Manual  U17894EJ9V0UD 449

(2) Operation procedure 

 

Figure 13-49.  Initial Setting Procedure for Slave Transmission 

 

 

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

have elapsed. 

 

Starting initial setting 

Setting PER0 register 

Setting SPSm register 

Setting SMRmn register 

Setting SCRmn register 

Setting SDRmn register 

Setting SOm register 

Changing setting of SOEm register

Setting port 

Writing to SSm register 

Starting communication 

Release the serial array unit from the 

reset status and start clock supply. 

Set the operation clock. 

Set an operation mode, etc. 

Set a communication format. 

Set bits 15 to 9 to 0000000B for baud 

rate setting. 

Manipulate the SOmn bit and set an 

initial output level. 

Set the SOEmn bit to 1 and enable data 

output of the target channel. 

Enable data output of the target channel 

by setting a port register and a port mode 

register. 

Set the SSmn bit of the target channel to 

1 to set SEmn = 1. 

Set transmit data to the SIOp register 

(bits 7 to 0 of the SDRmn register) and 

wait for a clock from the master. 
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(ii)  When WTIM0 = 1 

 

 

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

  3   4  2  1  
 

1: IICS0 = 0101×110B 

2: IICS0 = 0001×100B 

3: IICS0 = 0001××00B 

4: IICS0 = 00000001B 

 

Remark : Always generated 

 : Generated only when SPIE0 = 1 

 ×:  Don’t care 

 

 

(b)  When arbitration loss occurs during transmission of extension code 

 

(i)  When WTIM0 = 0 

 

 

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

  3   4  2  1  
 

1: IICS0 = 0110×010B 

2: IICS0 = 0010×000B 

3: IICS0 = 0010×000B 

4: IICS0 = 00000001B 

 

Remark : Always generated 

 : Generated only when SPIE0 = 1 

 ×:  Don’t care 
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16.6  Cautions on Using DMA Controller 
 

(1)  Priority of DMA 

During DMA transfer, a request from the other DMA channel is held pending even if generated.  The pending 

DMA transfer is started after the ongoing DMA transfer is completed.  If two DMA requests are generated at 

the same time, however, DMA channel 0 takes priority over DMA channel 1.   

If a DMA request and an interrupt request are generated at the same time, the DMA transfer takes 

precedence, and then interrupt servicing is executed. 

<R> 
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22.4  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), 

generates an internal reset signal when EXLVI < VEXLVI, and releases internal reset when EXLVI ≥ VEXLVI. 

 

Remark The low-voltage detector (LVI) can be set to ON by an option byte by default.  If it is set to ON to 

raise the power supply from the POC detection voltage or lower, the internal reset signal is 

generated when the supply voltage (VDD) < detection voltage (VLVI = 2.07 V ±0.2 V).  After that, the 

internal reset signal is generated when the supply voltage (VDD) < detection voltage (VLVI = 2.07 V 

±0.1 V). 

 

(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 ±0.1 V).  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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24.1.2  On-chip debug option byte (000C3H/ 010C3H) 

 

 Control of on-chip debug operation 

 • On-chip debug operation is disabled or enabled. 

 Handling of data of flash memory in case of failure in on-chip debug security ID authentication 

 • Data of flash memory is erased or not erased in case of failure in on-chip debug security ID 

authentication. 

 

Caution Set the same value as 000C3H to 010C3H when the boot swap operation is used because 

000C3H is replaced by 010C3H. 

 

24.2  Format of User Option Byte 
 

The format of user option byte is shown below. 
 

Figure 24-1.  Format of User Option Byte (000C0H/010C0H) (1/2) 

Address:  000C0H/010C0HNote 1 

 7 6 5 4 3 2 1 0 

 WDTINIT WINDOW1 WINDOW0 WDTON WDCS2 WDCS1 WDCS0 WDSTBYON

   

 WDTINIT Use of interval interrupt of watchdog timer 

 0 Interval interrupt is not used. 

 1 Interval interrupt is generated when 75% of the overflow time is reached. 

   

 WINDOW1 WINDOW0 Watchdog timer window open periodNote 2 

 0 0 25% 

 0 1 50% 

 1 0 75% 

 1 1 100% 

   

 WDTON Operation control of watchdog timer counter 

 0 Counter operation disabled (counting stopped after reset) 

 1 Counter operation enabled (counting started after reset) 

   

 WDCS2 WDCS1 WDCS0 Watchdog timer overflow time 

 0 0 0 210/fIL (3.88 ms) 

 0 0 1 211/fIL (7.76 ms) 

 0 1 0 212/fIL (15.52 ms) 

 0 1 1 213/fIL (31.03 ms) 

 1 0 0 215/fIL (124.12 ms) 

 1 0 1 217/fIL (496.48 ms) 

 1 1 0 218/fIL (992.97 ms) 

 1 1 1 220/fIL (3971.88 ms) 
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25.6  Programming Method 
 

25.6.1  Controlling flash memory 

The following figure illustrates the procedure to manipulate the flash memory. 
 

Figure 25-8.  Flash Memory Manipulation Procedure 
 

Start

Manipulate flash memory

End?

Yes

Controlling FLMD0 pin and RESET pin 

No

End

Flash memory programming 
mode is set

 
 

 

25.6.2  Flash memory programming mode 

To rewrite the contents of the flash memory by using the dedicated flash memory programmer, set the 78K0R/KG3 

in the flash memory programming mode.  To set the mode, set the FLMD0 pin and TOOL0 pin to VDD and clear the 

reset signal. 

Change the mode by using a jumper when writing the flash memory on-board. 
 

Figure 25-9.  Flash Memory Programming Mode 

VDD

RESET

5.5 V

0 V

VDD

0 V

FLMD0
VDD

0 V

TOOL0
VDD

0 V
Flash memory programming mode
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Standard Products

X1 Oscillator Characteristics 
(TA = −40 to +85°C, 1.8 V ≤ VDD = EVDD0 = EVDD1 ≤ 5.5 V, VSS = EVSS0 = EVSS1 = AVSS = 0 V) 

Resonator Recommended 

Circuit 

Parameter Conditions MIN. TYP. MAX. Unit 

2.7 V ≤ VDD ≤ 5.5 V 2.0  20.0 Ceramic resonator 

 

 

 

 

 

 

C1

X2X1

C2

VSS

 

X1 clock oscillation 

frequency (fX)Note 1.8 V ≤ VDD < 2.7 V 2.0  5.0 

MHz 

2.7 V ≤ VDD ≤ 5.5 V 2.0  20.0 Crystal resonator 

 

 

 

 

 

 

C1

X2X1

C2

VSS

 

X1 clock oscillation 

frequency (fX)Note 1.8 V ≤ VDD < 2.7 V 2.0  5.0 

MHz 

 

Note Indicates only oscillator characteristics.  Refer to AC Characteristics for instruction execution time. 

 

Cautions 1. When using the X1 oscillator, wire as follows in the area enclosed by the broken lines in the 

above figures 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. 

 

 2. Since the CPU is started by the internal high-speed oscillation clock after a reset release, 

check the X1 clock oscillation stabilization time using the oscillation stabilization time counter 

status register (OSTC) by the user. Determine the oscillation stabilization time of the OSTC 

register and oscillation stabilization time select register (OSTS) after sufficiently evaluating 

the oscillation stabilization time with the resonator to be used. 

 

<R> 



CHAPTER  30   ELECTRICAL  SPECIFICATIONS  ((A) GRADE  PRODUCTS) 

User’s Manual  U17894EJ9V0UD 867

(A) Grade Products

(3) Serial interface: Serial array unit (5/18) 

(TA = −40 to +85°C, 1.8 V ≤ VDD = EVDD0 = EVDD1 ≤ 5.5 V, VSS = EVSS0 = EVSS1 = AVSS = 0 V) 

 

(d) During communication at same potential (simplified I2C mode)   

Parameter Symbol Conditions MIN. MAX. Unit 

2.7 V ≤ VDD ≤ 5.5 V, 

Cb = 100 pF, Rb = 3 kΩ 

 400 Note kHz SCLr clock frequency fSCL 

1.8 V ≤ VDD < 2.7 V 

Cb = 100 pF, Rb = 5 kΩ 

 300 Note kHz 

2.7 V ≤ VDD ≤ 5.5 V, 

Cb = 100 pF, Rb = 3 kΩ 

995  ns Hold time when SCLr = “L” tLOW 

1.8 V ≤ VDD < 2.7 V 

Cb = 100 pF, Rb = 5 kΩ 

1500  ns 

2.7 V ≤ VDD ≤ 5.5 V, 

Cb = 100 pF, Rb = 3 kΩ 

995  ns Hold time when SCLr = “H” tHIGH 

1.8 V ≤ VDD < 2.7 V 

Cb = 100 pF, Rb = 5 kΩ 

1500  ns 

2.7 V ≤ VDD ≤ 5.5 V, 

Cb = 100 pF, Rb = 3 kΩ 

1/fMCK + 120  ns Data setup time (reception) tSU:DAT 

1.8 V ≤ VDD < 2.7 V 

Cb = 100 pF, Rb = 5 kΩ 

1/fMCK + 230  ns 

2.7 V ≤ VDD ≤ 5.5 V, 

Cb = 100 pF, Rb = 3 kΩ 

0 160 ns Data hold time (transmission) tHD:DAT 

1.8 V ≤ VDD < 2.7 V 

Cb = 100 pF, Rb = 5 kΩ 

0 210 ns 

Note The value must also be fMCK/4 or less. 

 

 (Remarks are given on the next page.) 

 

<R> 

<R> 
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(A) Grade Products

(3) Serial interface: Serial array unit (14/18) 

 (TA = −40 to +85°C, 2.7 V ≤ VDD = EVDD0 = EVDD1 ≤ 5.5 V, VSS = EVSS0 = EVSS1 = AVSS = 0 V) 

 

(g) During communication at different potential (2.5 V, 3 V) (CSI mode) (slave mode, SCKp... external 

clock input) 

Parameter Symbol Conditions MIN. TYP. MAX. Unit 

13.6 MHz < fMCK 10/fMCK   ns 

6.8 MHz < fMCK  ≤ 13.6 MHz 8/fMCK   ns 

4.0 V ≤ VDD ≤ 5.5 V,

2.7 V ≤ Vb ≤ 4.0 V 

fMCK  ≤ 6.8 MHz 6/fMCK   ns 

18.5 MHz < fMCK 16/fMCK   ns 

14.8 MHz < fMCK  ≤ 18.5 MHz 14/fMCK   ns 

11.1 MHz < fMCK  ≤ 14.8 MHz 12/fMCK   ns 

7.4 MHz < fMCK  ≤ 11.1 MHz 10/fMCK   ns 

3.7 MHz < fMCK  ≤ 7.4 MHz 8/fMCK   ns 

SCKp cycle time tKCY2 

2.7 V ≤ VDD < 4.0 V,

2.3 V ≤ Vb ≤ 2.7 V 

fMCK  ≤ 3.7 MHz 6/fMCK   ns 

4.0 V ≤ VDD ≤ 5.5 V, 2.7 V ≤ Vb ≤ 4.0 V fKCY2/2 − 20   ns SCKp high-/low-level 

width 

tKH2, 

tKL2 2.7 V ≤ VDD < 4.0 V, 2.3 V ≤ Vb ≤ 2.7 V fKCY2/2 − 35   ns 

SIp setup time 

(to SCKp↑)Note 1 

tSIK2  90   ns 

SIp hold time 

(from SCKp↑)Note 2 

tKSI2  1/fMCK + 50   ns 

4.0 V ≤ VDD ≤ 5.5 V, 2.7 V ≤ Vb ≤ 4.0 V, 

Cb = 30 pF, Rb = 1.4 kΩ 

  2/fMCK +  

120 

ns Delay time from 

SCKp↓ to SOp 

outputNote 3 

tKSO2 

2.7 V ≤ VDD < 4.0 V, 2.3 V ≤ Vb ≤ 2.7 V, 

Cb = 30 pF, Rb = 2.7 kΩ 

  2/fMCK +  

230 

ns 

Notes 1. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.  The SIp setup time becomes “to 

SCKp↓” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0. 

 2. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The SIp hold time becomes “from 

SCKp↓” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0. 

 3. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.  The delay time to SOp output 

becomes “from SCKp↑” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0. 

 
CSI mode connection diagram (during communication at different potential) 

 

78K0R/KG3 User's device

<Slave>

SCKp

SOp

SCK

SI

SIp SO

Vb

Rb

 
 

(Caution and Remarks are given on the next page.) 

<R> 
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C
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ca
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n Function Details of 

Function 

Cautions Page 

pp.763,Absolute 

maximum ratings 

Product quality may suffer if the absolute maximum rating is exceeded even 

momentarily for any parameter.  That is, the absolute maximum ratings are rated 

values at which the product is on the verge of suffering physical damage, and 

therefore the product must be used under conditions that ensure that the absolute 

maximum ratings are not exceeded. 

764 

p.765 When using the X1 oscillator, wire as follows in the area enclosed by the broken lines 

in the above figures 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. 

 

p.765 

X1 oscillator 

characteristics 

Since the CPU is started by the internal high-speed oscillation clock after a reset 

release, check the X1 clock oscillation stabilization time using the oscillation 

stabilization time counter status register (OSTC) by the user.  Determine the 

oscillation stabilization time of the OSTC register and oscillation stabilization time 

select register (OSTS) after sufficiently evaluating the oscillation stabilization time 

with the resonator to be used. 

 

p.767 When using the XT1 oscillator, wire as follows in the area enclosed by the broken 

lines in the above figures 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. 

 

p.767 

XT1 oscillator 

characteristics 

The XT1 oscillator is designed as a low-amplitude circuit for reducing power 

consumption, and is more prone to malfunction due to noise than the X1 oscillator.  

Particular care is therefore required with the wiring method when the XT1 clock is 

used. 

 

pp.768 The oscillator constants shown above are reference values based on evaluation in a 

specific environment by the resonator manufacturer. If it is necessary to optimize the 

oscillator characteristics in the actual application, apply to the resonator manufacturer 

for evaluation on the implementation circuit. 

When doing so, check the conditions for using the AMPH bit, RMC register, and 

whether to enter or exit the STOP mode. 

The oscillation voltage and oscillation frequency only indicate the oscillator 

characteristic. Use the 78K0R/KG3 so that the internal operation conditions are within 

the specifications of the DC and AC characteristics. 

to 771 

C
ha

pt
er

 2
9 

H
ar

d Electrical 

specifications 

(standard 

products) 

Recommended 

oscillator 

constants 

The oscillator constants shown above are reference values based on evaluation in a 

specific environment by the resonator manufacturer. If it is necessary to optimize the 

oscillator characteristics in the actual application, apply to the resonator manufacturer 

for evaluation on the implementation circuit. 

When doing so, check the conditions for using the RMC register, and whether to 

enter or exit the STOP mode. 

The oscillation voltage and oscillation frequency only indicate the oscillator 

characteristic. Use the 78K0R/KG3 so that the internal operation conditions are within 

the specifications of the DC and AC characteristics. 

p.772 
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Page Description Classification 

CHAPTER 13  SERIAL ARRAY UNIT (continuation) 

p.436 Change of Figure 13-37. Flowchart of Master Reception (in Single-Reception Mode) (c) 

p.437 Addition of Figure 13-38. Timing Chart of Master Reception (in Continuous Reception Mode) 
(Type 1: DAPmn = 0, CKPmn = 0) 

(c) 

p.438 Addition of Figure 13-39. Flowchart of Master Reception (in Continuous Reception Mode) (c) 

p.451 Change of Figure 13-51. Procedure for Resuming Slave Transmission (b) 

p.453 Change of Figure 13-53. Flowchart of Slave Transmission (in Single-Transmission Mode) (c) 

p.455 Change of Figure 13-55. Flowchart of Slave Transmission (in Continuous Transmission 
Mode) 

(c) 

p.457 Change of Figure 13-56. Example of Contents of Registers for Slave Reception of 3-Wire 
Serial I/O (CSI00, CSI01, CSI10, CSI20) 

(c) 

p.459 Change of Figure 13-59. Procedure for Resuming Slave Reception (c) 

p.461 Change of Figure 13-61. Flowchart of Slave Reception (in Single-Reception Mode) (c) 

p.463 Addition of Caution to Figure 13-62.  Example of Contents of Registers for Slave 
Transmission/Reception of 3-Wire Serial I/O  (CSI00, CSI01, CSI10, CSI20) 

(c) 

p.464 Addition of Caution to Figure 13-63.  Initial Setting Procedure for Slave Transmission/Reception (c) 

p.466 Change of Figure 13-65. Procedure for Resuming Slave Transmission/Reception (c) 

p.468 Change of Figure 13-67. Flowchart of Slave Transmission/Reception (in Single- 
Transmission/Reception Mode) 

(c) 

p.470 Change of Figure 13-69. Flowchart of Slave Transmission/Reception (in Continuous 
Transmission/Reception Mode) 

(c) 

p.486 Change of Figure 13-79. Example of Contents of Registers for UART Reception of UART 

(UART0, UART1, UART2, UART3) (1/2) 

(c) 

p.489 Change of Figure 13-82. Procedure for Resuming UART Reception (c) 

p.491 Change of Figure 13-84. Flowchart of UART Reception (c) 

p.505 Change of 13.7 Operation of Simplified I2C (IIC10, IIC20) Communication (c) 

p.506 Change of transfer rate in 13.7.1 Address field transmission (b) 

p.511 Change of transfer rate in 13.7.2 Data transmission (b) 

p.514 Change of error detection flag and transfer rate in 13.7.3 Data reception (b) 

p.519 Addition of Caution to 13.7.5 Calculating transfer rate (c) 

p.519 Change of Remark in 13.7.5 Calculating transfer rate (c) 

p.522 Addition of Figure 13-105. Processing Procedure in Case of Parity Error or Overrun Error (c) 

CHAPTER 14 SERIAL INTERFACE IIC0 

p.539 Change of description of STT0 bit in Figure 14-6. Format of IIC Control Register 0 (IICC0) (3/4) (c) 

CHAPTER 16 DMA CONTROLLER 

p.611 Addition of Note to Figure 16-4. Format of DMA Mode Control Register n (DMCn) (1/2) (c) 

p.617 Change of description in 16.5.1 CSI consecutive transmission (c) 

p.618 Change of description in Figure 16-7. Setting Example of CSI Consecutive Transmission (c) 

pp.619, 620 Addition of 16.5.2 CSI master reception (c) 

pp.621, 622 Addition of 16.5.3 CSI transmission/reception (c) 

p.627 Change of description in 16.5.6 Holding DMA transfer pending by DWAITn (c) 

Remark “Classification” in the above table classifies revisions as follows. 

 (a): Error correction, (b): Addition/change of specifications, (c): Addition/change of description or note,  

(d): Addition/change of package, part number, or management division, (e): Addition/change of related 

documents 
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Edition Description Chapter 

Change of setting in (a) Serial output register m (SOm) in Figure 13-95 Example of 
Contents of Registers for Data Reception of Simplified I2C (IIC10, IIC20) and 
addition of Note 

Change of Note 2 in Table 13-8 Relationship Between Register Settings and Pins 
(Channel 3 of Unit 0: UART1 Reception) 

Change of Note 2 in Table 13-10 Relationship Between Register Settings and 
Pins (Channel 1 of Unit 1: UART2 Reception) 

Change of Table 13-11 Relationship Between Register Settings and Pins 
(Channel 2 of Unit 1: UART3 Transmission) 

Change of Table 13-12 Relationship Between Register Settings and Pins 
(Channel 3 of Unit 1: UART3 Reception) 

CHAPTER 13  SERIAL 

ARRAY UNIT 

Change of Table 17-1 Interrupt Source List CHAPTER 17  

INTERRUPT FUNCTIONS

Change of Caution 1 

Change of REGC pin input voltage (VIREGC) of Absolute Maximum Ratings 

DC Characteristics 
• Change of “Conditions” column of output voltage, high (VOH2) 
• Change of “Conditions” column of output voltage, low (VOL2) 
• Change of “Conditions” column of input leakage current, high (ILIH2) 
• Change of “Conditions” column of input leakage current, high (ILIH3) 
• Change of “Conditions” column of input leakage current, low (ILIL2) 
• Change of “Conditions” column of input leakage current, low (ILIL3) 
• Change of MAX. values of supply current (IDD3) 

Change of Note 4 

Addition of “(Target)” 

Change of AC timing test points in AC Characteristics (1) Basic operation 

Edition 6.1 

(revised 

edition) 

AC Characteristics (2) External bus interface 
• Change of MIN. and MAX. values of RD low-level width (tWRDL1) 
• Change of MIN. and MAX. values of WR0, WR1 low-level width (tWWRL1) 
• Addition of Remark 3 
• Change of figure of Read/write cycle (CLKOUT synchronous): In separate bus mode
• Change of figure of Read/write cycle (CLKOUT synchronous): In multiplexed bus 
mode 

CHAPTER 29  

ELECTRICAL 

SPECIFICATIONS 

Change of (b) and (d) in Figure 5-6 Timing to Read External Memory CHAPTER 5  EXTERNAL 

BUS INTERFACE 

Edition 6.2 

(revised 

edition) Change of Remark 3 in AC Characteristics (2) External bus interface CHAPTER 29  

ELECTRICAL 

SPECIFICATIONS 

Modification of SOE01 bit value during UART0 reception in Table 13-6 Relationship 
Between Register Settings and Pins (Channel 1 of Unit 0: CSI01, UART0 
Reception) 

Deletion of SOE03, SO03, and CKO03 bits in Table 13-8 Relationship Between 
Register Settings and Pins (Channel 3 of Unit 0: UART1 Reception) 

Deletion of SOE11, SO11, and CKO11 bits in Table 13-10 Relationship Between 
Register Settings and Pins (Channel 1 of Unit 1: UART2 Reception) 

Deletion of CKO12 bit in Table 13-11 Relationship Between Register Settings and 
Pins (Channel 2 of Unit 1: UART3 Transmission) 

Edition 6.3 

(revised 

edition) 

Deletion of SOE13, SO13, and CKO13 bits in Table 13-12 Relationship Between 
Register Settings and Pins (Channel 3 of Unit 1: UART3 Reception) 

CHAPTER 13  SERIAL 

ARRAY UNIT 

 


