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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) Non-port functions (4/5) :  78K0R/LH3 

Function Name I/O Function After Reset Alternate Function 

SI00 Serial data input to CSI00 P81/RxD0/INTP9 

SI01 Serial data input to CSI01 P76/KR6 

SI10 Serial data input to CSI10 P14/RxD1/SDA10/ 

INTP4 

SI20 

Input 

Serial data input to CSI20 

Input port 

P11/RxD2/SDA20/ 

INTP6 

SO00 Serial data output from CSI00 P82/TxD0 

SO01 Serial data output from CSI01 P77/KR7 

SO10 Serial data output from CSI10 P13/TxD1/TO04 

SO20 

Output 

Serial data output from CSI20 

Input port 

P12/TxD2/TO02 

TI00 External count clock input to 16-bit timer 00 P31/TO03/RTCDIV/ 

RTCCL/PCLBUZ1/ 

INTP2 

TI01 External count clock input to 16-bit timer 01 P32/TO01/INTP5/ 

PCLBUZ0 

TI02 External count clock input to 16-bit timer 02 P52/SEG51 

TI03 External count clock input to 16-bit timer 03 P30/TO00/RTC1HZ/ 

INTP1 

TI04 External count clock input to 16-bit timer 04 P53/SEG50 

TI05 External count clock input to 16-bit timer 05 P16/TO05/INTP10 

TI06 External count clock input to 16-bit timer 06 P34/TO06/INTP8 

TI07 External count clock input to 16-bit timer 07 P33/TO07/INTP3 

TI10 External count clock input to 16-bit timer 10 P84/TO10 

TI11 External count clock input to 16-bit timer 11 P85/TO11 

TI12 External count clock input to 16-bit timer 12 P86/TO12 

TI13 

Input 

External count clock input to 16-bit timer 13 

Input port 

P87/TO13 

TO00 16-bit timer 00 output P30/TI03/RTC1HZ/ 

INTP1 

TO01 16-bit timer 01 output P32/TI01/INTP5/ 

PCLBUZ0 

TO02 16-bit timer 02 output P12/SO20/TxD2 

TO03 16-bit timer 03 output P31/TI00/RTCDIV/ 

RTCCL/PCLBUZ1/ 

INTP2 

TO04 16-bit timer 04 output P13/SO10/TxD1 

TO05 16-bit timer 05 output P16/TI05/INTP10 

TO06 16-bit timer 06 output P34/TI06/INTP8 

TO07 

Output 

16-bit timer 07 output 

Input port 

P33/TI07/INTP3 
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3.2.5  Extended special function registers (2nd SFRs: 2nd Special Function Registers) 

Unlike a general-purpose register, each extended SFR (2nd SFR) has a special function.  

Extended SFRs are allocated to the F0000H to F07FFH area.  SFRs other than those in the SFR area (FFF00H to 

FFFFFH) are allocated to this area.  An instruction that accesses the extended SFR area, however, is 1 byte longer than 

an instruction that accesses the SFR area. 

Extended SFRs can be manipulated like general-purpose registers, using operation, transfer, and bit manipulation 

instructions. The manipulable bit units, 1, 8, and 16, depend on the SFR type. 

Each manipulation bit unit can be specified as follows. 

 

• 1-bit manipulation 

 Describe the symbol reserved by the assembler for the 1-bit manipulation instruction operand (!addr16.bit).  This 

manipulation can also be specified with an address. 

• 8-bit manipulation 

 Describe the symbol reserved by the assembler for the 8-bit manipulation instruction operand (!addr16).  This 

manipulation can also be specified with an address. 

• 16-bit manipulation 

 Describe the symbol reserved by the assembler for the 16-bit manipulation instruction operand (!addr16).  When 

specifying an address, describe an even address. 

 

Table 3-6 gives a list of the extended SFRs.  The meanings of items in the table are as follows. 

 

• Symbol 

 Symbol indicating the address of an extended SFR.  It is a reserved word in the RA78K0R, and is defined as an sfr 

variable using the #pragma sfr directive in the CC78K0R.  When using the RA78K0R, ID78K0R-QB, and SM+ for 

78K0R, symbols can be written as an instruction operand. 

• R/W 

 Indicates whether the corresponding extended SFR can be read or written. 

 R/W: Read/write enable 

 R: Read only 

 W: Write only 

• Manipulable bit units 

 “√” indicates the manipulable bit unit (1, 8, or 16).  “−” indicates a bit unit for which manipulation is not possible. 

• After reset 

 Indicates each register status upon reset signal generation.  

 

Caution Do not access addresses to which 2nd SFRs are not assigned. 

 

Remark For SFRs in the SFR area, see 3.2.4  Special function registers (SFRs). 
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3.4  Addressing for Processing Data Addresses 
 

3.4.1  Implied addressing 

 

[Function] 

Instructions for accessing registers (such as accumulators) that have special functions are directly specified with the 

instruction word, without using any register specification field in the instruction word.   

 

[Operand format] 

Because implied addressing can be automatically employed with an instruction, no particular operand format 

is necessary. 

Implied addressing can be applied only to MULU X.   

 

Figure 3-19.  Outline of Implied Addressing 

 

A registerOP code

Memory  
 

3.4.2  Register addressing 

 

[Function] 

Register addressing accesses a general-purpose register as an operand.  The instruction word of 3-bit long is used 

to select an 8-bit register and the instruction word of 2-bit long is used to select a 16-bit register. 

 

[Operand format] 

 

Identifier Description 

r X, A, C, B, E, D, L, H 

rp AX, BC, DE, HL 

 

      Figure 3-20.  Outline of Register Addressing 

 

RegisterOP code

Memory  
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3.4.3  Direct addressing 

 

[Function] 

Direct addressing uses immediate data in the instruction word as an operand address to directly specify the target 

address.   

 

[Operand format] 

 

Identifier Description 

ADDR16 Label or 16-bit immediate data (only the space from F0000H to FFFFFH is specifiable) 

ES: ADDR16 Label or 16-bit immediate data (higher 4-bit addresses are specified by the ES register) 

 

Figure 3-21.  Example of ADDR16 

 

Target memory

OP code

Memory

Low Addr.

High Addr.

FFFFFH

F0000H

 
 

 

Figure 3-22.  Example of ES:ADDR16 

 

OP code

Memory

Low Addr.

High Addr.

FFFFFH

00000H

Target memory

ES
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Figure 5-8.  Format of Peripheral Enable Register 0 (PER0)  (2/2) 

 

 SAU1EN Control of serial array unit 1 input clock 

 0 Stops input clock supply. 

• SFR used by the serial array unit 1 cannot be written. 

• The serial array unit is in the reset status. 

 1 Supplies input clock. 

• SFR used by the serial array unit 1 can be read and written. 

 

 SAU0EN Control of serial array unit 0 input clock 

 0 Stops input clock supply. 

• SFR used by the serial array unit 0 cannot be written. 

• The serial array unit 0 is in the reset status. 

 1 Supplies input clock. 

• SFR used by the serial array unit 0 can be read and written. 

 

 TAU1EN Control of timer array unit 1 input clock 

 0 Stops input clock supply. 

• SFR used by timer array unit 1 cannot be written. 

• Timer array unit 1 is in the reset status. 

 1 Supplies input clock. 

• SFR used by timer array unit 1 can be read and written. 

 

 TAU0EN Control of timer array unit 0 input clock 

 0 Stops input clock supply. 

• SFR used by timer array unit 0 cannot be written. 

• Timer array unit 0 is in the reset status. 

 1 Supplies input clock. 

• SFR used by timer array unit 0 can be read and written. 
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Figure 5-12.  Examples of Incorrect Resonator Connection (1/2) 

 

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

 

X2VSS X1 X1

NG

NG

NG

VSS X2

PORT

 
 

 (c)  Signal lines of X1 and X2 cross (d) Power supply/GND pattern exists underneath X1 and X2  

 wiring 

 

X2VSS X1
X1

Power supply/GND pattern

VSS X2

Note

 
 

 

Note Do not place a power supply/GND pattern underneath the wiring section (in broken lines above) of the X1 and 

X2 pins and resonator in the multilayer board and double-sided board. 

Do not configure a layout that may cause capacitance elements and affect the oscillation characteristics. 

 

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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6.1.2  Functions of each channel when it operates with another channel 

Combination operation functions are those functions that are attained by using the master channel (mostly the 

reference timer that controls cycles) and the slave channels (timers that operate following the master channel) in 

combination (for details, refer to 6.6.1 Overview of single-operation function and combination operation function). 

 

(1) PWM (Pulse Width Modulator) output 

Two channels are used as a set to generate a pulse with a specified period and a specified duty factor. 

 

(2) One-shot pulse output 

Two channels are used as a set to generate a one-shot pulse with a specified delay time and a specified pulse 

width. 

 

(3) Multiple PWM (Pulse Width Modulator) output 

By extending the PWM function and using one master channel and two or more slave channels, up to seven types 

of PWM signals that have a specific period and a specified duty factor can be generated. 

 

6.1.3  LIN-bus supporting function (channel 7 of timer array unit 0 only) 

 

(1) Detection of wakeup signal 

The timer starts counting at the falling edge of a signal input to the serial data input pin (RxD3) of UART3 and the 

count value of the timer is captured at the rising edge.  In this way, a low-level width can be measured.  If the low-

level width is greater than a specific value, it is recognized as a wakeup signal. 

 

(2) Detection of sync break field 

The timer starts counting at the falling edge of a signal input to the serial data input pin (RxD3) of UART3 after a 

wakeup signal is detected, and the count value of the timer is captured at the rising edge.  In this way, a low-level 

width is measured.  If the low-level width is greater than a specific value, it is recognized as a sync break field. 

 

(3) Measurement of pulse width of sync field 

After a sync break field is detected, the low-level width and high-level width of the signal input to the serial data 

input pin (RxD3) of UART3 are measured.  From the bit interval of the sync field measured in this way, a baud rate 

is calculated. 
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Yes

RTCE = 1 

RWAIT = 1 

No

Yes

RWAIT = 0 

No RWST = 1 ?

RWST = 0 ?

STOP mode 

RTCE = 1 

STOP mode 

Waiting at least for 2 

fSUB clocks 

Sets to counter operation 

start 

Shifts to STOP mode 

Sets to counter operation 

start 

Sets to stop the SEC to YEAR 

counters, reads the counter 

value, write mode 

Checks the counter wait status 

 

Sets the counter operation 

Shifts to STOP mode 

Example 2 Example 1 

7.4.2  Shifting to STOP mode after starting operation 

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

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

interrupt has occurred. 

 

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

(see Figure 7-20, Example 1). 

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

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

Example 2). 

 

Figure 7-20.  Procedure for Shifting to STOP Mode After Setting RTCE to 1 
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   CHAPTER  11  D/A  CONVERTER (μ PD78F150xA only) 

11.4  Operation of D/A Converter 
 

11.4.1  Operation in normal mode 

D/A conversion is performed using write operation to the DACSn register as the trigger.  The setting method is 

described below. 

 

<1> Set bit 6 (DACEN) of peripheral enable register 0 (PER0) to 1 to start the supply of the input clock to the D/A 

converter. 

<2> Set the DAMDn bit of the D/A converter mode register (DAM) to 0 (normal mode). 

<3> Use the bit 6 (DAREF) of the DAM register to select the D/A converter reference voltage supply on the positive 

side. 

<4> Use the DARESn bit of the DAM register to select the resolution of the D/A converter. 

<5> Set the analog voltage value to be output to the ANOn pin to the D/A conversion value setting register Wn 

(DACSWn) or  D/A conversion value setting register n (DACSn).   

  Steps <1> and <5> above constitute the initial settings. 

<6> Set the DACEn bit of the DAM register to 1 (D/A conversion enable). 

  After the wait time (20 μs or more) elapses, D/A conversion starts, and then, after the settling time (18 μs (max.)) 

elapses, the D/A converted analog voltage value is output from the ANOn pin. 

<7> To perform subsequent D/A conversions, write to the DACSWn or DACSn register. 

  The previous D/A conversion result is held until the next D/A conversion is performed. 

  When the DACEn bit of the DAM register is set to 0 (D/A conversion operation stop), D/A conversion stops, the 

ANOn pin goes into a high-impedance state when the PM11n bit of the PM11 register = 1 (input mode), and the 

ANOn pin outputs the set value of the P11 register when the PM11n bit = 0 (output mode).  

 

Cautions 1. Even if 1, 0, and then 1 is set to the DACEn bit, there is a wait after 1 is set for the last time. 
 2. If the DACSWn or DACSn register is rewritten during the settling time, D/A conversion is aborted 

and reconversion by using the rewritten values starts. 
 

Remark n = 0, 1 

 

11.4.2  Operation in real-time output mode 

D/A conversion is performed using the interrupt request signals (INTTM04 and INTTM05) Note of timer channels 4 and 5 

as triggers. 

The setting method is described below. 

 

Note Channel 0 of the D/A converter: INTTM04 

 Channel 1 of the D/A converter: INTTM05 

 

<1> Set bit 6 (DACEN) of peripheral enable register 0 (PER0) to 1 to start the supply of the input clock to the D/A 

converter. 

<2>  Set the DAMDn bit of the D/A converter mode register (DAM) to 0 (normal mode). 

<3> Use the bit 6 (DAREF) of the DAM register to select the D/A converter reference voltage supply on the positive 

side. 

<4> Use the DARESn bit of the DAM register to select the resolution of the D/A converter. 

<5>  Set the analog voltage value to be output to the ANOn pin to the D/A conversion value setting register Wn 

(DACSWn) or  D/A conversion value setting register n (DACSn). 
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CHAPTER  12  OPERATIONAL  AMPLIFIER (μ PD78F150xA only) 

Figure 12-1.  Block Diagram of Operational Amplifier 

 

Internal bus

OAEN0

Operational amplifier control register (OAC)

AMP2+/ANI8/P150

AMP2-/ANI6/P26

AMP2O/ANI7/P27

AMP2

AMP1+/ANI5/P25

AMP1-/ANI3/P23

AMP1O/ANI4/P24

AMP1

−

+
 To A/D converter

AMP0+/ANI2/P22

AMP0-/ANI0/P20

AMP0O/ANI1/P21

AMP0

Operational amplifier 0

OAEN1OAEN2

OAEN1 bit

OAEN0 bit

Operational amplifier 1

Operational amplifier 2

 To A/D converter

 To A/D converter

−

+

−

+

 
 

Remark 78K0R/LF3: Operational amplifiers 0, 1 

 78K0R/LG3, 78K0R/LH3: Operational amplifiers 0 to 2 
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(7) Serial flag clear trigger register mn (SIRmn)  

SIRmn is a trigger register that is used to clear each error flag of channel n. 

When each bit (FECTmn, PECTmn, OVCTmn) of this register is set to 1, the corresponding bit (FEFmn, PEFmn, 

OVFmn) of serial status register mn is cleared to 0.  Because SIRmn is a trigger register, it is cleared immediately 

when the corresponding bit of SSRmn is cleared. 

SIRmn can be set by a 16-bit memory manipulation instruction. 

The lower 8 bits of SIRmn can be set with an 8-bit memory manipulation instruction with SIRmnL. 

Reset signal generation clears this register to 0000H. 

 

Figure 14-10.  Format of Serial Flag Clear Trigger Register mn (SIRmn) 

 

Address: F0108H, F0109H (SIR00) to F010EH, F010FH (SIR03),     After reset: 0000H      R/W 

 F0148H, F0149H (SIR10), F014AH, F014BH (SIR11), 

 F014EH, F014FH (SIR13) 

Symbol 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

SIRmn 0 0 0 0 0 0 0 0 0 0 0 0 0 FEC

Tmn 

PEC

Tmn 

OVC

Tmn 

 

FEC

Tmn 

Clear trigger of framing error of channel n 

0 No trigger operation 

1 Clears the FEFmn bit of the SSRmn register to 0. 

 

PEC

Tmn 

Clear trigger of parity error flag of channel n 

0 No trigger operation 

1 Clears the PEFmn bit of the SSRmn register to 0. 

 

OVC

Tmn 

Clear trigger of overrun error flag of channel n 

0 No trigger operation 

1 Clears the OVFmn bit of the SSRmn register to 0. 

 

Caution Be sure to clear bits 15 to 3 to “0”. 

 

Remarks 1. m: Unit number (m = 0, 1), n: Channel number (n = 0 to 3) 

 2. When the SIRmn register is read, 0000H is always read. 
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Figure 14-67.  Flowchart of Slave Transmission/Reception (in Continuous Transmission/Reception Mode) 

 
Starting CSI communication

Writing 1 to SSmn bit 

Reading receive data to 

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 

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 
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The meanings of <3> to <10> in (2) Address ~ data ~ data in Figure 15-32 are explained below. 

 

<3> If the address received matches the address of a slave deviceNote, that slave device sends an ACK by 

hardware to the master device.  The ACK is detected by the master device (ACKD = 1) at the rising edge of 

the 9th clock. 

<4> The master device issues an interrupt (INTIICA: end of address transmission) at the falling edge of the 9th 

clock, and the slave device whose address matched the transmitted slave address also issues an interrupt 

(INTIICA: address match).  The master device and slave device also set a wait status (SCL0 = 0)Note when 

the addresses match. 

<5> The master device writes the data to transmit to the IICA shift register (IICA) and releases the wait status 

that it set by the master device. 

<6> If the slave device releases the wait status (WREL = 1), the master device starts transferring data to the 

slave device. 

<7> When data transfer is complete, the slave device sends an ACK by hardware to the master device.  The 

ACK is detected by the master device (ACKD = 1) at the rising edge of the 9th clock. 

<8> The master device and slave device set a wait status (SCL0 = 0) at the falling edge of the 9th clock, and 

both the master device and slave device issue an interrupt (INTIICA: end of transfer). 

<9> The master device writes the data to transmit to the IICA register and releases the wait status that it set by 

the master device. 

<10> The slave device reads the received data and releases the wait status (WREL = 1).  The master device then 

starts transferring data to the slave device. 

 

Note If the transmitted address does not match the address of the slave device, the slave device does not return 

an ACK to the master device (NACK: SDA0 = 1).  The slave device also does not issue the INTIICA interrupt 

(address match) and does not set a wait status.  The master device, however, issues the INTIICA interrupt 

(end of address transmission) regardless of whether it receives an ACK or NACK. 

 

Remark <1> to <15> in Figure 15-32 represent the entire procedure for communicating data using the I2C bus.   

Figure 15-32 (1) Start condition ~ address ~ data shows the processing from <1> to <6>, Figure 15-32 

(2) Address ~ data ~ data shows the processing from <3> to <10>, and Figure 15-32 (3) Data ~ data ~ 

stop condition shows the processing from <7> to <15>. 
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Figure 24-6.  Timing of Low-Voltage Detector Internal Reset Signal Generation  

(Bit: LVISEL = 0, Option Byte: LVIOFF = 0) 

 

L

VLVI = 2.07 V (TYP.)
VPOR = 1.61 V (TYP.)
VPDR = 1.59 V (TYP.)

H

H

Internal reset signal

Supply voltage (VDD)

LVIMK flag 
(set by software)

LVISEL flag
(set by software)

LVION flag
(set by software)

LVIF flag

LVIMD flag
(set by software)

LVIRF flag

LVI reset signal

POC reset signal

Time

HNote 1

Not
cleared

Not cleared

Not
cleared

Not cleared

Cleared by
software

Cleared by
software

Cleared by
software

Note 2

Cleared

Cleared

Interrupt operation mode is set 
by setting LVIMD to 0 

(LVI interrupt is masked)

Change LVI
detection

voltage (VLVI)

Reset mode is set 
by setting LVIMD to 1

VLVI value after a change

 
 

Notes 1. The LVIMK flag is set to “1” by reset signal generation. 

2. LVIRF is bit 0 of the reset control flag register (RESF).  

When the LVI default start function (bit 0 (LVIOFF) of 000C1H = 0) is used, the LVIRF flag may become 1 

from the beginning due to the power-on waveform. 

For details of RESF, see CHAPTER 22  RESET FUNCTION. 

 

Remark VPOR:  POC power supply rise detection voltage 

 VPDR:  POC power supply fall detection voltage 
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