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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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5.1.6  Data memory addressing 
Addressing refers to the method of specifying the address of the instruction to be executed next or the address of the 

register or memory relevant to the execution of instructions.   

Several addressing modes are provided for addressing the memory relevant to the execution of instructions for the 

μPD78F8040, 78F8041, 78F8042, 78F8043, based on operability and other considerations.  For areas containing data 

memory in particular, special addressing methods designed for the functions of special function registers (SFR) and 

general-purpose registers are available for use.  Figures 5-6 to 5-9 show correspondence between data memory and 

addressing.   
 

Figure 5-6.  Correspondence Between Data Memory and Addressing (μPD78F8040) 

 

Direct addressing

Register indirect addressing

Based addressing

Based indexed addressing

Short direct 
addressing

SFR addressing

Register addressing

F F F 1 F H
F F F 2 0 H

F F E 1 F H
F F E 2 0 H

F F E F F H
F F F 0 0 H

F F F F F H

General-purpose register 
32 bytes

Flash memory 
32 KB

Special function register (2nd SFR) 
2 KB

Mirror 
55.75 KB

Reserved

Reserved

F F E D F H
F F E E 0 H

F E E F F H
F E F 0 0 H

F 0 F F F H
F 1 0 0 0 H

F 0 7 F F H
F 0 8 0 0 H

0 7 F F F H
0 8 0 0 0 H

0 0 0 0 0 H

E F F F F H
F 0 0 0 0 H

Special function register (SFR)

256 bytes

RAMNote

4 KB

 
 

Note Use of the area FFE20H to FFEDFH is prohibited when using the self-programming function, since this area is 

used for self-programming library. 
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5.2.3  ES and CS registers 
The ES register is used for data access and the CS register is used to specify the higher address when a branch 

instruction is executed. 

The default value of the ES register after reset is 0FH, and that of the CS register is 00H. 

 

Figure 5-15.  Configuration of ES and CS Registers 

0 0 0 0 ES3 ES2 ES1 ES0

7 0

ES

6 5 4 3 2 1

0 0 0 0 CS3 CP2 CP1 CP0

7 0

CS

6 5 4 3 2 1
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Figure 6-4.  Block Diagram of P13 
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P1: Port register 1 

PU1: Pull-up resistor option register 1 

PM1: Port mode register 1 

RD: Read signal 

WR××: Write signal 
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Figure 8-57.  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 and TAU1EN bits of peripheral enable 

register 0 (PER0) to 1. 

 

Power-on status.  Each channel stops operating. 

(Clock supply is started and writing to each register is 

enabled.) 

TAU 

default 

setting 

Sets timer clock select register m (TPSm). 

Determines clock frequencies of CKm0 and CKm1. 

 

Sets timer mode register mn, mp (TMRmn, TMRmp) of 

two channels to be used (determines operation mode of 

channels). 

An output delay is set to timer data register mn (TDRmn) 

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

TDRmp register of the slave channel. 

Channel stops operating. 

(Clock is supplied and some power is consumed.) 

Channel 

default 

setting 

Sets slave channel. 

The TOMmp bit of timer output mode register m 

(TOMm) is set to 1 (slave channel output mode). 

Sets the TOLmp bit. 

Sets the TOmp bit and determines default level of the 

TOmp output. 

 

Sets TOEmp to 1 and enables operation of TOmp. 

Clears the port register and port mode register to 0. 

The TOmn pin goes into Hi-Z output state. 

 

 

 

 

The TOmp default setting level is output when the port 

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

TOmp does not change because channel stops operating.

The TOmp pin outputs the TOmp set level. 

 

Remark m: Unit number, n: Muster Channel number, p: Slave channel number (p = n+1) 

When m = 0: n = 0, 2, 4 

When m = 1: n = 0, 2 

However, mp = 01 to 03, 05, 11, and 13 in the case of the timer output pin (TOmp). 
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10.3  Registers Used in A/D Converter 
 

The A/D converter uses the following seven registers. 
 

• Peripheral enable register 0 (PER0) 

• A/D converter mode register  (ADM) 

• A/D port configuration register (ADPC) 

• Analog input channel specification register (ADS) 

• Port mode registers 2, 15 (PM2, PM15) 

• 10-bit A/D conversion result register (ADCR) 

• 8-bit A/D conversion result register (ADCRH) 
 

(1) Peripheral enable register 0 (PER0)  

This register is used to enable or disable supplying the clock to the peripheral hardware.  Clock supply to a hardware 

macro that is not used is stopped in order to reduce the power consumption and noise. 

When the A/D converter is used, be sure to set bit 5 (ADCEN) of this register to 1. 

PER0 can be set by a 1-bit or 8-bit memory manipulation instruction. 

Reset signal generation clears this register to 00H. 

 

Figure 10-2.  Format of Peripheral Enable Register 0 (PER0) 

 

Address: F00F0H     After reset: 00H     R/W 

Symbol 7 6 <5> <4> <3> <2> <1> <0> 

PER0 0 0 ADCEN IICAEN SAU1EN SAU0EN TAU1EN TAU0EN 

 

ADCEN Control of A/D converter input clock 

0 Stops supply of input clock. 

• SFR used by the A/D converter cannot be written. 

• The A/D converter is in the reset status. 

1 Enables input clock supply. 

• SFR used by the A/D converter can be read/written. 

 

Cautions 1. When setting the A/D converter, be sure to set ADCEN to 1 first.  If ADCEN = 0, writing to a 

control register of the A/D converter is ignored, and, even if the register is read, only the 

default value is read (except for port mode registers 2, 15 (PM2, PM15)).  

2. Be sure to clear bits 6 and 7 to 0. 
 3. Be sure to first set the ADCEN bit of peripheral enable register 0 (PER0) to 1 when setting up 

the ADPC register.  If ADCEN = 0, writing to the ADPC register is ignored and specified values 
are returned to the initial values. 
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(1) Register setting 
 

Figure 11-32.  Example of Contents of Registers for Master Reception of 3-Wire Serial I/O (CSI20) 
 
(a) Serial mode register 10 (SMR10) 

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

SMR10 CKS10 

0/1 
CCS10 

0 
 

0 
 

0 

 

0 

 

0 

 

0 

STS10

0 

 

0 

SIS100

0 

 

1 

 

0 

 

0 

MD102 

0 

MD101 

0 

MD100

0/1 

 

                                   

   

      

      

Operation clock (fMCK) of channel 0 
0: Prescaler output clock CK10 set by the SPS1 register 
1: Prescaler output clock CK11 set by the SPS1 register 

  Interrupt source of channel 0
0: Transfer end interrupt
1: Buffer empty interrupt

 
(b) Serial communication operation setting register 10 (SCR10) 

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

SCR10 TXE10 

0 
RXE10 

1 
DAP10

0/1 
CKP10 

0/1 

 

0 

EOC10

0 

PTC101

0 

PTC100

0 

DIR10

0/1 

 

0 

SLC101

0 

SLC100

0 

 

0 

DLS102 

1 

DLS101 

1 

DLS100

0/1 

 

                                   

               

   

  

 

 

  

Selection of the data and clock 
phase (For details about the 
setting, see 11.3 Registers 
Controlling Serial Array Unit.) 

 

Selection of data transfer sequence  
0: Inputs/outputs data with MSB first 
1: Inputs/outputs data with LSB first. 

Setting of data length
0: 7-bit data length
1: 8-bit data length  

 

 
(c) Serial data register 10 (SDR10) (lower 8 bits: SIO20) 

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

SDR10  
Baud rate setting 

(Operation clock (fMCK) division setting) 

 

0 

 
Receive data 

(Write FFH as dummy data.) 

 

 
 

(d) Serial output register 1 (SO1) … Sets only the bits of the target channel. 

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

SO1  
0 

 

0 
 

0 
 

0 

 

1 

 

1 

 

1 

CKO10

0/1 

 

0 

 

0 

 

0 

 

0 

 

1 

 

1 

 

1 

SO10

× 

 

                  

                  

                  

Communication starts when these bits are 1 if the data 
phase is forward (CKP10 = 0).  If the phase is reversed 
(CKP10 = 1), communication starts when these bits are 0. 

 
(e) Serial output enable register 1 (SOE1) … The Register that not used in this mode. 

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

SOE1  
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

SOE10

× 

 

           

         

                  

 
(f) Serial channel start register 1 (SS1) … Sets only the bits of the target channel to 1. 

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

SS1  
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

SS11 

× 
SS10

0/1 

 

 
Remark      : Setting is fixed in the CSI master reception mode,      : Setting disabled (set to the initial value)  

×: Bit that cannot be used in this mode (set to the initial value when not used in any mode) 
0/1: Set to 0 or 1 depending on the usage of the user 

SIO20 
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11.5.4  Slave transmission 
Slave transmission is that the μPD78F8040, 78F8041, 78F8042, 78F8043 transmit data to another device in the state 

of a transfer clock being input from another device. 

 

3-Wire Serial I/O CSI20 

Target channel Channel 0 of SAU1 

Pins used SCK20, SO20 

INTCSI20 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 (OVF10) only 

Transfer data length 7 or 8 bits 

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

Data phase Selectable by DAP10 bit 

• DAP10 = 0: Data output starts from the start of the operation of the serial clock. 

• DAP10 = 1: Data output starts half a clock before the start of the serial clock operation. 

Clock phase Selectable by CKP10 bit 

• CKP10 = 0: Forward 

• CKP10 = 1: Reverse 

Data direction MSB or LSB first 

 

Notes 1. Because the external serial clock input to pins SCK20 is sampled internally and used, the maximum 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 26  ELECTRICAL SPECIFICATIONS). 

 

Remark   fMCK: Operation clock frequency of target channel 
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(3) Processing flow (in single-transmission mode) 

 

Figure 11-75.  Timing Chart of UART Transmission (in Single-Transmission Mode) 

 
SS1n

SE1n

SDR1n

TxDq pin

Shift
register 1n

INTSTq

TSF1n

P SPST ST P SP ST P SP

ST1n

Data transmission (7-bit length) Data transmission (7-bit length) Data transmission (7-bit length)

Transmit data 1 Transmit data 2 Transmit data 3

Transmit data 3Transmit data 2Transmit data 1

Shift operation Shift operation Shift operation

 
 

Remark n: Channel number (n = 0, 2), q: UART number (q = 2, 3) 
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(2) Operation procedure 

 

Figure 11-80.  Initial Setting Procedure for UART Reception 

 

 

Caution After setting the SAU1EN bit of PER0 to 1, be sure to set SPS1 after 4 or more fCLK clocks have 

elapsed. 
 

Figure 11-81.  Procedure for Stopping UART Reception 

 

 

Starting initial setting 

Setting PER0 register 

Setting SPS1 register 

Setting SMR1n and SMR1r registers 

Setting SCR1n register 

Setting SDR1n register 

Writing to SS1 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 a transfer baud rate (setting the 
transfer clock by dividing the operation 
clock (fMCK)). 

Set the SS1n bit of the target channel to 

1 and set the SE1n bit to 1 (to enable 

operation). 

The start bit is detected. 

Starting setting to stop 

Setting ST1 register 

Stopping communication 

Write 1 to the ST1n bit of the target
channel. 

Stop communication in midway.
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Figure 11-82.  Procedure for Resuming UART Reception 

 

Starting setting for resumption

Manipulating target for communication

Changing setting of SPS1 register

Changing setting of SDR1n register

Writing to SS1 register 

Starting communication

Stop the target for communication or wait 

until the target completes its operation. 

Re-set the register to change the 

operation clock setting. 

Re-set the register to change the transfer baud 

rate setting (setting the transfer clock by 

dividing the operation clock (fMCK)). 

Re-set the registers to change SMR1n, 

SMR1r setting.

Set the SS1n bit of the target channel to 1 

and set the SE1n bit to 1 (to enable 

operation). 

The start bit is detected.

(Essential) 

(Selective) 

Re-set the register to change SCR1n 

setting. Changing setting of SCR1n register

If the FEF, PEF, and OVF flags remain 

set, clear them using SIR1n. Clearing error flag 

Changing setting of SMR1n 

and SMR1r registers 

(Essential) 

(Essential) 

(Selective) 

(Selective) 

(Selective) 

(Selective) 
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(1) Register setting 
 

Figure 11-99.  Example of Contents of Registers for Data Transmission of Simplified I2C (IIC20) 

 

(a) Serial mode register 10 (SMR10) … Do not manipulate this register during data  

  transmission/reception. 

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

SMR10 CKS10 

0/1 
CCS10 

0 
 

0 
 

0 

 

0 

 

0 

 

0 

STS10

0 

 

0 

SIS100

0 

 

1 

 

0 

 

0 

MD102 

1 

MD101 

0 

MD100

0 

 

 

(b) Serial communication operation setting register 10 (SCR10) … Do not manipulate the bits of this  

  register, except the TXE10 and  

  RXE10 bits, during data  

  transmission/reception. 

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

SCR10 TXE10 

1 
RXE10 

0 
DAP10

0 
CKP10 

0 

 

0 

EOC10

0 

PTC101

0 

PTC100

0 

DIR10

0 

 

0 

SLC101

0 

SLC100

1 

 

0 

DLS102 

1 

DLS101 

1 

DLS100

1 

 

 

(c) Serial data register 10 (SDR10) (lower 8 bits: SIO20) 

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

SDR10  
Baud rate setting 

 

0 

 
Transmit data setting 

 

 
 

(d) Serial output register 1 (SO1) … Do not manipulate this register during data  

  transmission/reception. 

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

SO1  
0 

 

0 
 

0 
 

0 

 

1 

 

1 

 

1 

CKO10

0/1Note

 

0 

 

0 

 

0 

 

0 

 

1 

SO12 

× 

 

1 

SO10

0/1Note

 

 

(e) Serial output enable register 1 (SOE1) … Do not manipulate this register during data  

  transmission/reception. 

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

SOE1  
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

SOE12 

× 

 
0 

SOE10

0/1 

 

 

(f) Serial channel start register 1 (SS1) … Do not manipulate this register during data  

  transmission/reception. 

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

SS1  
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

 
0 

SS13 

× 
SS12 

× 
SS11 

× 
SS10

0/1 

 

 

Note The value varies depending on the communication data during communication operation. 
 

Remark      : Setting is fixed in the IIC mode,      : Setting disabled (set to the initial value)  

×: Bit that cannot be used in this mode (set to the initial value when not used in any mode) 

0/1: Set to 0 or 1 depending on the usage of the user 

SIO20 
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Figure 11-104.  Flowchart of Data Reception 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Caution ACK is not output when the last data is received (NACK).  Communication is then completed by 
setting “1” to the ST10 bit to stop operation and generating a stop condition. 

 

Starting data reception 

Data reception 
completed 

Transfer end interrupt 
generated?

No 

Yes 

Writing dummy data (FFH) 

to SIO20 (SDR10[7:0]) 

Stop condition generation

Yes 

No 

Reading SIO20 (SDR10[7:0])

Address field transmission completed 

Writing 1 to ST10 bit  

Writing 0 to TXE10 bit, and 1 to RXE10 bit 

Writing 1 to SS10 bit  

Last byte received? 
Yes 

Writing 0 to SOE10 bit 
(Stopping output by serial 
communication operation) 

No 

Data transfer completed?
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(1)  Master operation in single-master system 
 

Figure 12-28.  Master Operation in Single-Master System 
 

SPT = 1

SPT = 1

WREL = 1

START

END

ACKE = 0
WTIM = WREL = 1

No

No

Yes

No
No

No

Yes

Yes
Yes

Yes

STCEN = 1?

ACKE = 1
WTIM = 0

TRC = 1?

ACKD = 1?

ACKD = 1?

No

Yes

No

Yes

Yes

No

Yes

No

Yes

No

Yes

No

Yes

No

STT = 1

IICWL, IICWH ← XXH

IICF ← 0XH
Setting STCEN, IICRSV = 0

IICCTL0 ← 1XX111XXB
IICE = 1

IICCTL0 ← 0XX111XXB
ACKE = WTIM = SPIE = 1

Setting port

Initializing I2C busNote

SVA ← XXH

Writing IICA

Writing IICA

Reading IICA

INTIICA
interrupt occurs?

End of transfer?
End of transfer?

Restart?

Setting of the port used alternatively as the pin to be used.
First, set the port to input mode and the output latch to 0 (see 12.3 (8)  Port mode register 6 (PM6)).

Setting port
Set the port from input mode to output mode and enable the output of the I2C bus
(see 12.3 (8)  Port mode register 6 (PM6)).

Sets a transfer clock.

Sets a local address.

Sets a start condition.

Prepares for starting communication 
(generates a start condition).

Starts communication
(specifies an address and transfer
direction).

Waits for detection of acknowledge.

Waits for data transmission.

Starts transmission.

C
om
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un
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at

io
n 

pr
oc

es
si

ng
In

iti
al

 s
et

tin
g

Starts reception.

Waits for data
reception.

INTIICA
interrupt occurs?

Waits for detection
of acknowledge.

Prepares for starting communication
(generates a stop condition).

Waits for detection of the stop condition.

INTIICA
interrupt occurs?

INTIICA
interrupt occurs?

INTIICA
interrupt occurs?

 
 

Note Release (SCL0 and SDA0 pins = high level) the I2C bus in conformance with the specifications of the product 

that is communicating.  If EEPROM is outputting a low level to the SDA0 pin, for example, set the SCL0 pin in 

the output port mode, and output a clock pulse from the output port until the SDA0 pin is constantly at high level. 
 
Remark Conform to the specifications of the product that is communicating, with respect to the transmission and 

reception formats. 
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14.3  Registers Controlling DMA Controller 
 

DMA controller is controlled by the following registers. 
 

• DMA mode control register n (DMCn) 

• DMA operation control register n (DRCn) 

 

Remark n: DMA channel number (n = 0, 1) 
 

(1) DMA mode control register n (DMCn) 

DMCn is a register that is used to set a transfer mode of DMA channel n.  It is used to select a transfer direction, 

data size, setting of pending, and start source.  Bit 7 (STGn) is a software trigger that starts DMA. 

Rewriting bits 6, 5, and 3 to 0 of DMCn is prohibited during operation (when DSTn = 1). 

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

Reset signal generation clears this register to 00H. 

 

Figure 14-4.  Format of DMA Mode Control Register n (DMCn) (1/2) 

 

Address: FFFBAH (DMC0), FFFBBH (DMC1)     After reset: 00H     R/W 

Symbol <7> <6> <5> <4> 3 2 1 0 

DMCn STGn DRSn DSn DWAITn IFCn3 IFCn2 IFCn1 IFCn0 

 

STGn
Note 1

 DMA transfer start software trigger 

0 No trigger operation 

1 DMA transfer is started when DMA operation is enabled (DENn = 1). 

DMA transfer is performed once by writing 1 to STGn when DMA operation is enabled (DENn = 1).

When this bit is read, 0 is always read. 

 

DRSn Selection of DMA transfer direction 

0 SFR to internal RAM 

1 Internal RAM to SFR 

 

DSn Specification of transfer data size for DMA transfer 

0 8 bits 

1 16 bits 

 

DWAITn
Note 2

 Pending of DMA transfer 

0 Executes DMA transfer upon DMA start request (not held pending). 

1 Holds DMA start request pending if any. 

DMA transfer that has been held pending can be started by clearing the value of DWAITn to 0. 

It takes 2 clocks to actually hold DMA transfer pending when the value of DWAITn is set to 1. 

 

Notes 1. The software trigger (STGn) can be used regardless of the IFCn0 to IFCn3 values. 

 2. When DMA transfer is held pending while using both DMA channels, be sure to hold the DMA transfer 

pending for both channels (by setting the DWAIT0 and DWAIT1 bits to 1). 
 

Remark n: DMA channel number (n = 0, 1) 
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No
 
 
 
 
 
 
 
 
 
 
 
 
 
 

No 
 

DSTn = 1 

DSTn = 0 

INTDMAn = 1 

DMA trigger = 1? 

DBCn = 0000H ? 

Yes
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Yes
 

DENn = 1 

Setting DSAn, DRAn, DBCn, and DMCn 

Transmitting DMA request 

Receiving DMA acknowledge

DMA transfer 

DRAn = DRAn + 1 (or + 2) 

DBCn = DBCn − 1 

DENn = 0 

Set by software program 

 

 

 

 

 

 

 

 

 

 

 

 

Operation by DMA 

controller (hardware) 

 

 

 

 

 

 

 

 

 

 

Set by software program 

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, DBCn, 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. 

 

Figure 14-6.  Operation Procedure 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Remark n: DMA channel number (n = 0, 1) 
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(4)  DMA pending instruction 

Even if a DMA request is generated, DMA transfer is held pending immediately after the following instructions. 

 
•  CALL !addr16 

•  CALL $!addr20 

•  CALL !!addr20 

•  CALL rp 

•  CALLT  [addr5] 

•  BRK 

•  Bit manipulation instructions for registers IF0L, IF0H, IF1L, IF1H, IF2L, IF2H, MK0L, MK0H, MK1L, MK1H, 

MK2L, MK2H, PR00L, PR00H, PR01L, PR01H, PR02L, PR02H, PR10L, PR10H, PR11L, PR11H, PR12L, 

PR12H and PSW each 

 

(5) Operation if address in general-purpose register area or other than those of internal RAM area is specified 

The address indicated by DRA0n is incremented during DMA transfer.  If the address is incremented to an 

address in the general-purpose register area or exceeds the area of the internal RAM, the following operation is 

performed. 

 

  In mode of transfer from SFR to RAM 

The data of that address is lost. 

 

  In mode of transfer from RAM to SFR 

Undefined data is transferred to SFR. 

 

In either case, malfunctioning may occur or damage may be done to the system.  Therefore, make sure that the 

address is within the internal RAM area other than the general-purpose register area. 

 

Internal RAM

General-purpose registers

DMA transfer enabled area

FFF00H
FFEFFH

FFEE0H
FFEDFH
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(2) HALT mode release 

The HALT mode can be released by the following two sources. 

 

(a) Release by unmasked interrupt request 

When an unmasked interrupt request is generated, the HALT mode is released. If interrupt acknowledgment is 

enabled, vectored interrupt servicing is carried out.  If interrupt acknowledgment is disabled, the next address 

instruction is executed. 

 

Figure 16-3.  HALT Mode Release by Interrupt Request Generation 

 

HALT
instruction

WaitNote Operating modeHALT modeOperating mode

OscillationHigh-speed system clock,
internal high-speed oscillation clock,

or 20 MHz internal high-speed oscillation clock 

Status of CPU

Standby
release signal

Interrupt
request

 
 

Note  The wait time is as follows: 

•  When vectored interrupt servicing is carried out: 10 to 12 clocks 

•  When vectored interrupt servicing is not carried out: 5 or 6 clocks 

 

Remark The broken lines indicate the case when the interrupt request which has released the standby mode is 

acknowledged. 
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Figure 16-5.  STOP Mode Release by Interrupt Request Generation (2/2) 

 

(2)  When high-speed system clock (external clock input) is used as CPU clock 

 
Interrupt
request

STOP
instruction

Standby release signal

Status of CPU

High-speed
system clock

(external clock input)

Oscillates

Normal operation
(high-speed

system clock) STOP mode

Oscillation stopped Oscillates

Normal operation
(high-speed

system clock)
Wait

(2 clocks)

Supply of the 
clock is stopped
(about 23.3 to

30.7   s) μ

 
 

(3)  When internal high-speed oscillation clock is used as CPU clock 

 

Standby release signal

Status of CPU

Internal high-speed
oscillation clock

Normal operation
(internal high-speed

oscillation clock)

Oscillates

STOP mode

Oscillation stopped

Wait for oscillation
accuracy stabilization

Interrupt
requestSTOP

instruction

Normal operation
(internal high-speed

oscillation clock)

Oscillates

Wait
(1 clock)

Supply of the 
clock is stopped
(about 23.3 to

30.7   s)μ

 
 

Remark The broken lines indicate the case when the interrupt request that has released the standby mode is 

acknowledged. 
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Figure 19-11.  Example of Software Processing After Reset Release (1/2) 
 
• If supply voltage fluctuation is 50 ms or less in vicinity of LVI detection voltage 
 

; Check the reset source, etc.Note

; Setting of detection level by LVIS.
The low-voltage detector operates (LVION = 1).

Reset 

Initialization
processing <1>

50 ms has passed?
(TMIFmn = 1?)

Initialization
processing <2>

Setting timer array unit
(to measure 50 ms)

; Initial setting for port.
    Setting of division ratio of system clock, 

such as setting of timer or A/D converter.

Yes

No

Setting LVI

Clearing WDT

Detection 
voltage or higher

(LVIF = 0?)

Yes

Restarting timer array unit
(TTmn = 1 → TSmn = 1)

No

; The timer counter is cleared and the timer is started.

LVI reset

; fCLK = Internal high-speed oscillation clock (8.16 MHz (MAX.)/2) (default)
Source: fMCK (8.16 MHz (MAX.)/2)/28, 

Where comparison value = 796: ≅ 50 ms
Timer starts (TSmn = 1).

 
 

Note   A flowchart is shown on the next page. 
 

Remarks 1.  If bit 2 (LVISEL) of the low voltage detection register (LVIM) is set to �1�, the meanings of the above 
words change as follows. 

 • Supply voltage (VDD)  → Input voltage from external input pin (EXLVI) 
 • Detection voltage (VLVI)  → Detection voltage (VEXLVI = 1.21 V) 

 2. m = 0, 1, n = 0 to 7, mn = 00 to 07, 10 to 13 


