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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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Name I/O Function 

WE3(BE3)/DQMUU/
ICIOWR 

O Indicates that D31 to D24 are being written to. 
Connected to the byte select signal when a byte-selection SRAM 
is connected.  
Corresponds to signals D31 to D24 when SDRAM is connected. 
Functions as the I/O write strobe signal when the PCMCIA is 
used. 

WE2(BE2)/DQMUL/ 
ICIORD 

O Indicates that D23 to D16 are being written to.  
Connected to the byte select signal when a byte-selection SRAM 
is connected. 
Corresponds to signals D23 to D16 when the SDRAM is used. 
Functions as the I/O read strobe signal when the PCMCIA is used. 

WE1(BE1)/DQMLU/
WE 

O Indicates that D15 to D8 are being written to.  
Connected to the byte select signal when a byte-selection SRAM 
is connected. 
Corresponds to signals D15 to D8 when the SDRAM is used. 
Functions as the memory write strobe signal when the PCMCIA is 
used. 

WE0(BE0)/DQMLL O Indicates that D7 to D0 are being written to. 
Connected to the byte select signal when a byte-selection SRAM 
is connected. 
Corresponds to select signals D7 to D0 when the SDRAM is used. 

RAS O Connects to RAS pin when SDRAM is connected. 

CAS O Connects to CAS pin when SDRAM is connected. 

CKE O Connects to CKE pin when SDRAM is connected. 

IOIS16 I PCMCIA 16-bit I/O signal 
Valid only in little endian mode. 
Pulled low in bit endian mode. 

WAIT I External wait input (sampled at the falling edge of CKIO) 

BREQ I Bus request input 

BACK O Bus acknowledge output 

MD5 to MD3 I MD5: Selects data alignment (big endian or little endian) 
MD4 and MD3: Specify area 0 bus width (8/16/32 bits) 

REFOUT O Bus mastership request signal for refreshing 
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Bit 

 
Bit Name 

Initial 
Value 

 
R/W 

 
Description 

1 TGFB 0 R/(W)* Compare Flag B 
Status flag that indicates the occurrence of TGRB compare 
match. 
[Clearing conditions]  
When 0 is written to TGFB after reading TGFB = 1 
[Setting conditions] 
When TCNT = TGRB 

0 TGFA 0 R/(W)* Output Compare Flag A 
Status flag that indicates the occurrence of TGRA compare 
match. 
[Clearing conditions]  
When 0 is written to TGFA after reading TGFA = 1 
[Setting conditions] 
When TCNT = TGRA 

Note: * Only 0 can be written, to clear the flag. 
 

15.3.6 Timer Counters (TCNT) 

The TCNT registers are 16-bit readable/writable counters. The TPU has four TCNT counters, one 
for each channel. 

The TCNT counters are initialized to H'0000 by a reset. 

The TCNT counters are not initialized in standby mode, sleep mode, or module standby. 

15.3.7 Timer General Registers (TGR) 

The TGR registers are 16-bit registers. The TPU has 16 TGR registers, four each for channels 0 
and 3. TGRC and TGRD can also be designated for operation as buffer registers*. The TGR 
registers are initialized to H'FFFF by a reset. These registers are not initialized in standby mode, 
sleep mode, or module standby. 

Note: * TGR buffer register combinations are TGRA—TGRC and TGRB—TGRD. 
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20.3.4 I2C Bus Interrupt Enable Register (ICIER) 

ICIER enables or disables interrupt sources and acknowledge bits, sets acknowledge bits to be 
transferred, and confirms acknowledge bits to be received.  

Bit Bit Name 
Initial 
Value R/W Description 

7 TIE 0 R/W Transmit Interrupt Enable 
When the TDRE bit in ICSR is set to 1, this bit enables or 
disables the transmit data empty interrupt (TXI). 
0: Transmit data empty interrupt request (TXI) is disabled.
1: Transmit data empty interrupt request (TXI) is enabled.

6 TEIE 0 R/W Transmit End Interrupt Enable 
This bit enables or disables the transmit end interrupt 
(TEI) at the rising of the ninth clock while the TDRE bit in 
ICSR is 1. TEI can be canceled by clearing the TEND bit 
or the TEIE bit to 0. 
0: Transmit end interrupt request (TEI) is disabled. 
1: Transmit end interrupt request (TEI) is enabled. 

5 RIE 0 R/W Receive Interrupt Enable 
This bit enables or disables the receive data full interrupt 
request (RXI) when a receive data is transferred from 
ICDRS to ICDRR and the RDRF bit in ICSR is set to 1. 
RXI can be canceled by clearing the RDRF or RIE bit to 
0.  
0: Receive data full interrupt request (RXI) is disabled. 
1: Receive data full interrupt request (RXI) is enabled. 

4 NAKIE 0 R/W NACK Receive Interrupt Enable 
This bit enables or disables the NACK receive interrupt 
request (NAKI) when the NACKF and AL bits in ICSR are 
set to 1. NAKI can be canceled by clearing the NACKF, 
OVE, or NAKIE bit to 0. 
0: NACK receive interrupt request (NAKI) is disabled. 
1: NACK receive interrupt request (NAKI) is enabled. 
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21.4.9 Transmit and Receive Timing 

Examples of the SIOF serial transmission and reception are shown in figures 21.13 to 21.19. 

(1) 8-bit Monaural Data (1) 

Synchronous pulse method, falling edge sampling, slot No.0 used for transmit and receive data, an 
frame length = 8 bits 

SIOFSCK

SIOFRxD

SIOFTxD

SIOFSYNC

L-channel data

Slot No.0

TRMD[1:0]=00 or 10,
TDLE=1,
RDLE=1,
CD0E=0,

REDG=0,
TDLA[3:0]=0000,
RDLA[3:0]=0000,
CD0A[3:0]=0000,

FL[3:0]=0000 (frame length: 8 bits)
TDRE=0,
RDRE=0,
CD1E=0,

TDRA[3:0]=0000,
RDRA[3:0]=0000,
CD1A[3:0]=0000

Specifications:

1 frame

1-bit delay

 

Figure 21.13   Transmit and Receive Timing (8-Bit Monaural Data (1)) 
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Bit Bit Name Initial Value R/W Description 

5 
4 
3 
2 
1 
0 

MIFTYP5 
MIFTYP4 
MIFTYP3 
MIFTYP2 
MIFTYP1 
MIFTYP0 

0 
0 
1 
0 
0 
1 

R/W 
R/W 
R/W 
R/W 
R/W 
R/W 

Module Interface Type Select 
Set the LCD panel type and data bus width to be 
output to the LCD panel. There are three LCD panel 
types: STN, DSTN, and TFT. There are four data bus 
widths for output to the LCD panel: 4, 8, 12, and 16 
bits. When the required data bus width for a TFT 
panel is 16 bits or more, connect the LCDC and LCD 
panel according to the data bus size of the LCD 
panel. Unlike in a TFT panel, in an STN or DSTN 
panel, the data bus width setting does not have a 1:1 
correspondence with the number of display colors 
and display resolution, e.g., an 8-bit data bus can be 
used for 16 bpp, and a 12-bit data bus can be used 
for 4 bpp. This is because the number of display 
colors in an STN or DSTN panel is determined by 
how data is placed on the bus, and not by the 
number of bits. For data specifications for an STN or 
DSTN panel, see the specifications of the LCD panel 
used. The output data bus width should be set 
according to the mechanical interface specifications 
of the LCD panel. 
If an STN or DSTN panel is selected, display control 
is performed using a 24-bit space-modulation FRC 
(Frame Rate Controller) consisting of the 8-bit R, G, 
and B included in the LCDC, regardless of the color 
and gradation settings. Accordingly, the color and 
gradation specified by DSPCOLOR is selected from 
16 million colors in an STN or DSTN panel. If a 
palette is used, the color specified in the palette is 
displayed. 
000000: STN monochrome 4-bit data bus module 
000001: STN monochrome 8-bit data bus module 
001000: STN color 4-bit data bus module 
001001: STN color 8-bit data bus module 
001010: STN color 12-bit data bus module 
001011: STN color 16-bit data bus module 
010001: DSTN monochrome 8-bit data bus module 
010011: DSTN monochrome 16-bit data bus module 
011001: DSTN color 8-bit data bus module 
011010: DSTN color 12-bit data bus module 
011011: DSTN color 16-bit data bus module 
101011: TFT color 16-bit data bus module 
Settings other than above: Setting prohibited 
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DOTCLK

11)  DSTN color 16-bit data bus module

LCD_CL2

LCD_DATA0

LCD_DATA1

LCD_DATA2

LCD_DATA3

UR0

UG0

UB0

UR1

UG1

UR2

UG2

LCD_DATA4

LCD_DATA5

LCD_DATA6

LCD_DATA7

UB1

UB2

UR3

UG3

UR4

UG4

UB3

UR5

UB4

UG5

UB5

UR6

UG6

UR7

UG7

UB6

UB7LCD_DATA8

LCD_DATA9

LCD_DATA10

LCD_DATA11

LCD_DATA12

LCD_DATA13

LCD_DATA14

LCD_DATA15

LR0

LG0

LB0

LR1

LG1

LR2

LG2

LB1

LB2

LR3
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LG4

LB3

LR5
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LG7

LB6

LB7  

Figure 26.20   Clock and LCD Data Signal Example (DSTN Color 16-Bit Data Bus Module) 
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Yes

No

No

Yes

Yes

No

Initialization

Start reception

Are PER, ORER,
and WAIT_ER all 0s?

Error processing

RDRF=1?

Read received data from SCRDR

All data received?

Clear RE bit in SCSCR to 0

Receive end

(1)

(2)

(3)

(4)

(5)

(6)

 

Figure 30.6   Example of Receive Processing 

(4) Switching Modes 

When switching from receive mode to transmit mode, after confirming that reception has been 
completed, start initialization, and then clear the RE bit to 0 and set the TE bit to 1. Completion of 
reception can be confirmed through the RDRF flag. 

When switching from transmit mode to receive mode, after confirming that transmission has been 
completed, start initialization, and then clear the TE bit to 0 and set the RE bit to 1. Completion of 
transmission can be confirmed through the TDRE and TEND flags. 
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 Write transfer block size to TBCR 

Execute CMD16

Set DMAC

Set DMACR (MMCIF)

Execute CMD24 (CMDR to CMDSTRT)

Read response register

Is CRCERI interrupt
generated?

Is CTERI interrupt
generated?

Is DRPI interrupt
generated?

Is CRCERI or WRERI
interrupt generated?

Command sequence start

FIFO clear

Yes

Yes

No

No

Yes

No

Yes

Yes

No

Yes

No

No

No

Is CRPI interrupt
generated?

Yes

Yes

No

Yes

Yes

No

Command sequence end 

Is response status
normal?

Is DBSYI interrupt
generated?

Is DTBUSY
detected?

Write 1 to CMDOFF

Does CMD16 end
successfully?

Is DTERI interrupt
generated?

Yes

No

Write 1 to DATEN

Does DMA transfer
end?

Yes

Yes

Set DMACR to H'00

Is FRDYI interrupt is generated
or does DMA transfer end?

No

No

Is DTI interrupt
generated? 

Yes

No

 

Figure 31.28   Operational Flowchart for Write Sequence (Single Block Transfer) 
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Section 34   Pin Function Controller (PFC) 

The pin function controller (PFC) consists of registers to select the functions and I/O directions of 
multiplex pins. Pin functions and I/O directions can be individually selected for every pin 
regardless of the LSI operating mode. Table 34.1 lists the multiplex pins of this LSI. 

Note: The signals related to the SDHI should be selected only on the models that include it.  

Table 34.1 Multiplexed Pins 

Port Port Function (Related Module) Other Function (Related Module) 

A PTA7 input/output (port) D23 input/output (BSC) 

 PTA6 input/output (port) D22 input/output (BSC) 

 PTA5 input/output (port) D21 input/output (BSC) 

 PTA4 input/output (port) D20 input/output (BSC) 

 PTA3 input/output (port) D19 input/output (BSC) 

 PTA2 input/output (port) D18 input/output (BSC) 

 PTA1 input/output (port) D17 input/output (BSC) 

 PTA0 input/output (port) D16 input/output (BSC) 

B PTB7 input/output (port) D31 input/output (BSC) 

 PTB6 input/output (port) D30 input/output (BSC) 

 PTB5 input/output (port) D29 input/output (BSC) 

 PTB4 input/output (port) D28 input/output (BSC) 

 PTB3 input/output (port) D27 input/output (BSC) 

 PTB2 input/output (port) D26 input/output (BSC) 

 PTB1 input/output (port) D25 input/output (BSC) 

 PTB0 input/output (port) D24 input/output (BSC) 

C PTC7 input/output (port) LCD_DATA7 output (LCDC) 

 PTC6 input/output (port) LCD_DATA6 output (LCDC) 

 PTC5 input/output (port) LCD_DATA5 output (LCDC) 

 PTC4 input/output (port) LCD_DATA4 output (LCDC) 

 PTC3 input/output (port) LCD_DATA3 output (LCDC) 

 PTC2 input/output (port) LCD_DATA2 output (LCDC) 

 PTC1 input/output (port) LCD_DATA1 output (LCDC) 

 PTC0 input/output (port) LCD_DATA0 output (LCDC) 

 








