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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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(3/3) 
78K0/LF3 

μPD78F047x μPD78F048x μPD78F049x 

Part Number 

 

Item 80 Pins 
Flash memory (KB) 16 24 32 48 60 16 24 32 48 60 16 24 32 48 60 
RAM (KB) 0.75 1 1 2 2 0.75 1 1 2 2 0.75 1 1 2 2 
Power supply voltage VDD = 1.8 to 5.5 V 
Regulator Provided 
Minimum instruction 
execution time 

0.2 μs (10 MHz: VDD = 2.7 to 5.5 V)/ 0.4 μs (5 MHz: VDD = 1.8 to 5.5 V) 

High-speed system 
clock 

10 MHz: VDD = 2.7 to 5.5 V/5 MHz: VDD = 1.8 to 5.5 V 

M
ai

n 

Internal high-speed 
oscillation clock 

8 MHz (TYP.): VDD = 1.8 to 5.5 V 

Subclock 32.768 kHz (TYP.): VDD = 1.8 to 5.5 V C
lo

ck
 

Internal low-speed 
oscillation clock 

240 kHz (TYP.): VDD = 1.8 to 5.5 V 

P
or

t Total 62 

16 bits (TM0) 1 ch 
8 bits (TM5) 3 ch 
8 bits (TMH) 3 ch 
RTC 1 ch Ti

m
er

 

WDT 1 ch 
3-wire CSI/UARTNote1 1 ch 
Automatic transmit/ 
receive 3-wire CSI 

1 ch 

S
er

ia
l i

nt
er

fa
ce

 

UART supporting LIN-
bus Note2 

1 ch 

Type External resistance division and internal resistance division are switchable. 
Segment signal 40 (36)Note3 32 (28)Note3 

LC
D

 

Common signal 4 (8)Note3 
10-bit successive 
approximation type A/D 

− 8 ch 

16-bit ΔΣ type A/D − 3 ch 
External 7 

In
te

rru
pt

 

Internal 20 21 22 

Key interrupt 8 ch 
RESET pin Provided 

POC 1.59 V ±0.15 V (Time for rising up to 1.8 V : 3.6 ms (MAX.)) 

LVI The detection level of the supply voltage is selectable in 16 steps. R
es

et
 

WDT Provided 
Clock output/ Buzzer output Provided 
Remote controller receiver Provided 
MCG Provided 
On-chip debug  function Provided 
Operating ambient 
temperature 

TA = −40 to +85°C 

Notes 1. Select either of the functions of these alternate-function pins. 
2. The LIN-bus supporting UART pins can be changed to the Automatic transmit/receive 3-wire CSI/UART pins 

(pin numbers 75 and 76). 
3. The values in parentheses are the number of signal outputs when 8com is used. 
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Table 3-6.  Special Function Register List (1/4) 

Manipulatable Bit Unit Address Special Function Register (SFR) Name Symbol R/W

1 Bit 8 Bits 16 Bits 

After 
Reset 

FF00H Receive buffer register 6 RXB6 R − √ − FFH 

FF01H Port register 1 P1 R/W √ √ − 00H 

FF02H Port register 2 P2 R/W √ √ − 00H 

FF03H Port register 3 P3 R/W √ √ − 00H 

FF04H Port register 4 P4 R/W √ √ − 00H 

FF05H Transmit buffer register 6 TXB6 R/W − √ − FFH 

FF06H A/D conversion result registerNote ADCR R − − √ 0000H 

FF07H A/D conversion result register (H) Note ADCRH R − √ − 00H 

FF0AH Port register 10 P10 R/W √ √ − 00H 

FF0BH Port register 11 P11 R/W √ √ − 00H 

FF0CH Port register 12 P12 R/W √ √ − 00H 

FF0EH Port register 14 P14 R/W √ √ − 00H 

FF0FH Port register 15 P15 R/W √ √ − 00H 

FF10H 

FF11H 

16-bit timer counter 00 TM00 R − − √ 0000H 

FF12H 

FF13H 

16-bit timer capture/compare register 000 CR000 R/W − − √ 0000H 

FF14H 

FF15H 

16-bit timer capture/compare register 010 CR010 R/W − − √ 0000H 

FF16H 8-bit timer counter 50 TM50 R − √ − 00H 

FF17H 8-bit timer compare register 50 CR50 R/W − √ − 00H 

FF18H 8-bit timer H compare register 00 CMP00 R/W − √ − 00H 

FF19H 8-bit timer H compare register 10 CMP10 R/W − √ − 00H 

FF1AH 8-bit timer H compare register 01 CMP01 R/W − √ − 00H 

FF1BH 8-bit timer H compare register 11 CMP11 R/W − √ − 00H 

FF20H Port function register 1 PF1 R/W √ √ − 00H 

FF21H Port mode register 1 PM1 R/W √ √ − FFH 

FF22H Port mode register 2 PM2 R/W √ √ − FFH 

FF23H Port mode register 3 PM3 R/W √ √ − FFH 

FF24H Port mode register 4 PM4 R/W √ √ − FFH 

FF2AH Port mode register 10 PM10 R/W √ √ − FFH 

FF2BH Port mode register 11 PM11 R/W √ √ − FFH 

FF2CH Port mode register 12 PM12 R/W √ √ − FFH 

FF2EH Port mode register 14 PM14 R/W √ √ − FFH 

FF2FH Port mode register 15 PM15 R/W √ √ − FFH 

FF30H Internal high-speed oscillation trimming register HIOTRM R/W − √ − 10H 

FF31H Pull-up resistor option register 1 PU1 R/W √ √ − 00H 

FF33H Pull-up resistor option register 3 PU3 R/W √ √ − 00H 

FF34H Pull-up resistor option register 4 PU4 R/W √ √ − 00H 

FF3AH Pull-up resistor option register 10 PU10 R/W √ √ − 00H 

FF3BH Pull-up resistor option register 11 PU11 R/W √ √ − 00H 

 
Note μPD78F041x only.    
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4.2.6  Port 11 
Port 11 is a 2-bit I/O port with an output latch.  Port 11 can be set to the input mode or output mode in 1-bit units 

using port mode register 11 (PM11).  When the P112, P113 pins are used as an input port, use of an on-chip pull-up 
resistor can be specified in 1-bit units by pull-up resistor option register 11 (PU11). 

This port can also be used for segment output and serial interface data I/O. 
Reset signal generation sets port 11 to input mode. 
Figures 4-9 and 4-10 show a block diagram of port 11. 

 
 

Figure 4-9.  Block Diagram of P112 
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P11: Port register 11 
PU11: Pull-up resistor option register 11 
PM11: Port mode register 11 
PFALL: Port function register ALL 
RD: Read signal 
WR××: Write signal 
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(3)  Internal low-speed oscillation clock (clock for watchdog timer) 
• Internal low-speed oscillator 

This circuit oscillates a clock of fRL = 240 kHz (TYP.).  After a reset release, the internal low-speed oscillation 
clock always starts operating.   
Oscillation can be stopped by using the internal oscillation mode register (RCM) when “internal low-speed 
oscillator can be stopped by software” is set by option byte. 
The internal low-speed oscillation clock cannot be used as the CPU clock.  The following hardware operates 
with the internal low-speed oscillation clock. 
 
• Watchdog timer 
• 8-bit timer H1 (if fRL, fRL/27 or fRL/29 is selected as the count clock) 
• LCD controller/driver (if fRL/23 is selected as the LCD source clock) 

 
Remark fRL: Internal low-speed oscillation clock frequency 

 
 
5.2  Configuration of Clock Generator  
 

The clock generator includes the following hardware. 
 

Table 5-1.  Configuration of Clock Generator  

Item Configuration 

Control registers Clock operation mode select register (OSCCTL) 
Processor clock control register (PCC) 
Internal oscillation mode register (RCM) 
Main OSC control register (MOC) 
Main clock mode register (MCM) 
Oscillation stabilization time counter status register (OSTC) 
Oscillation stabilization time select register (OSTS) 
Internal high-speed oscillation trimming register (HIOTRM) 

Oscillators X1 oscillator  
XT1 oscillator 
Internal high-speed oscillator 
Internal low-speed oscillator 
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(4) Internal oscillation mode register (RCM) 
This register sets the operation mode of internal oscillator. 
RCM can be set by a 1-bit or 8-bit memory manipulation instruction. 
Reset signal generation sets this register to 80HNote 1. 

 
Figure 5-4.  Format of Internal Oscillation Mode Register (RCM) 

 
Address:  FFA0H     After reset:  80HNote 1     R/WNote 2 

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

RCM RSTS 0 0 0 0 0 LSRSTOP RSTOP 

 
 RSTS Status of internal high-speed oscillator 

 0 Waiting for accuracy stabilization of internal high-speed oscillator 

 1 Stability operating of internal high-speed oscillator 

 
 LSRSTOP Internal low-speed oscillator oscillating/stopped 

 0 Internal low-speed oscillator oscillating 

 1 Internal low-speed oscillator stopped 

 
 RSTOP Internal high-speed oscillator oscillating/stopped 

 0 Internal high-speed oscillator oscillating 

 1 Internal high-speed oscillator stopped 

 
Notes  1.  The value of this register is 00H immediately after a reset release but automatically 

changes to 80H after internal high-speed oscillator has been stabilized. 
 2.  Bit 7 is read-only. 

 
Caution When setting RSTOP to 1, be sure to confirm that the CPU operates with a clock 

other than the internal high-speed oscillation clock.  Specifically, set under either of 
the following conditions. 

 • When MCS = 1 (when CPU operates with the high-speed system clock) 
 • When CLS = 1 (when CPU operates with the subsystem clock) 

In addition, stop peripheral hardware that is operating on the internal high-speed 
oscillation clock before setting RSTOP to 1. 
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Figure 5-13.  Clock Generator Operation When Power Supply Voltage Is Turned On  
(When 1.59 V POC Mode Is Set (Option Byte: POCMODE = 0)) 
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<1> When the power is turned on, an internal reset signal is generated by the power-on-clear (POC) circuit. 
<2> When the power supply voltage exceeds 1.59 V (TYP.), the reset is released and the internal high-speed 

oscillator automatically starts oscillation. 
<3> When the power supply voltage rises with a slope of 0.5 V/ms (MIN.), the CPU starts operation on the 

internal high-speed oscillation clock after the reset is released and after the stabilization times for the voltage 
of the power supply and regulator have elapsed, and then reset processing is performed. 

<4> Set the start of oscillation of the X1 or XT1 clock via software (see (1) in 5.6.1  Example of controlling high-
speed system clock and (1) in 5.6.3  Example of controlling subsystem clock). 

<5> When switching the CPU clock to the X1 or XT1 clock, wait for the clock oscillation to stabilize, and then set 
switching via software (see (3) in 5.6.1  Example of controlling high-speed system clock and (3) in 5.6.3  
Example of controlling subsystem clock). 

 
Notes 1. The internal voltage stabilization time includes the oscillation accuracy stabilization time of the internal 

high-speed oscillation clock. 
 2. When releasing a reset (above figure) or releasing STOP mode while the CPU is operating on the 

internal high-speed oscillation clock, confirm the oscillation stabilization time for the X1 clock using the 
oscillation stabilization time counter status register (OSTC).  If the CPU operates on the high-speed 
system clock (X1 oscillation), set the oscillation stabilization time when releasing STOP mode using the 
oscillation stabilization time select register (OSTS).  

 
Cautions  1.  If the voltage rises with a slope of less than 0.5 V/ms (MIN.) from power application until the 

voltage reaches 1.8 V, input a low level to the RESET pin from power application until the 
voltage reaches 1.8 V, or set the 2.7 V/1.59 V POC mode by using the option byte (POCMODE 
= 1) (see Figure 5-14).  By doing so, the CPU operates with the same timing as <2> and 
thereafter in Figure 5-13 after reset release by the RESET pin. 

 2.  It is not necessary to wait for the oscillation stabilization time when an external clock input 
from the EXCLK pin is used. 
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5.6.7  Condition before changing CPU clock and processing after changing CPU clock 
Condition before changing the CPU clock and processing after changing the CPU clock are shown below. 

 
Table 5-6.  Changing CPU Clock 

CPU Clock 

Before Change After Change 

Condition Before Change Processing After Change 

X1 clock Stabilization of X1 oscillation 
• MSTOP = 0, OSCSEL = 1, EXCLK = 0 
• After elapse of oscillation stabilization time 

Internal high-
speed oscillation 
clock 

External main 
system clock 

Enabling input of external clock from EXCLK 
pin 
• MSTOP = 0, OSCSEL = 1, EXCLK = 1 

• Internal high-speed oscillator can be 
stopped (RSTOP = 1). 

X1 clock X1 oscillation can be stopped (MSTOP = 1).

External main 
system clock 

Internal high-
speed oscillation 
clock 

Oscillation of internal high-speed oscillator 
• RSTOP = 0 External main system clock input can be 

disabled (MSTOP = 1). 

Internal high-
speed oscillation 
clock 

Operating current can be reduced by 
stopping internal high-speed oscillator 
(RSTOP = 1). 

X1 clock X1 oscillation can be stopped (MSTOP = 1).

External main 
system clock 

XT1 clock Stabilization of XT1 oscillation 
• OSCSELS = 1 
• After elapse of oscillation stabilization time 

External main system clock input can be 
disabled (MSTOP = 1). 

Internal high-
speed oscillation 
clock 

Oscillation of internal high-speed oscillator 
and selection of internal high-speed 
oscillation clock as main system clock 
• RSTOP = 0, MCS = 0 

X1 clock Stabilization of X1 oscillation and selection 
of high-speed system clock as main system 
clock 
• MSTOP = 0, OSCSEL = 1, EXCLK = 0 
• After elapse of oscillation stabilization time
• MCS = 1 

XT1 clock 

External main 
system clock 

Enabling input of external clock from EXCLK 
pin and selection of high-speed system 
clock as main system clock 
• MSTOP = 0, OSCSEL = 1, EXCLK = 1 
• MCS = 1 

XT1 oscillation can be stopped (OSCSELS 
= 0). 
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(2) Capture/compare control register 00 (CRC00) 
CRC00 is the register that controls the operation of CR000 and CR010. 
Changing the value of CRC00 is prohibited during operation (when TMC003 and TMC002 = other than 00).  
CRC00 can be set by a 1-bit or 8-bit memory manipulation instruction. 
Reset signal generation clears CRC00 to 00H. 

 
Figure 6-6.  Format of Capture/Compare Control Register 00 (CRC00)  

 
Address:  FFBCH     After reset:  00H     R/W 

Symbol 7 6 5 4 3 2 1 0 

CRC00 0 0 0 0 0 CRC002 CRC001 CRC000 

 
CRC002 CR010 operating mode selection 

0 Operates as compare register 

1 Operates as capture register 

 
CRC001 CR000 capture trigger selection 

0 Captures on valid edge of TI010 pin 

1 Captures on valid edge of TI000 pin by reverse phaseNote 

The valid edge of the TI010 and TI000 pin is set by PRM00. 
If ES001 and ES000 are set to 11 (both edges) when CRC001 is 1, the valid edge of the TI000 pin cannot 
be detected. 

 
CRC000 CR000 operating mode selection 

0 Operates as compare register 

1 Operates as capture register 

If TMC003 and TMC002 are set to 11 (clear & start mode entered upon a match between TM00 and 
CR000), be sure to set CRC000 to 0. 

 
Note When the valid edge is detected from the TI010 pin, the capture operation is not performed but the 

INTTM000 signal is generated as an external interrupt signal. 
 

Caution To ensure that the capture operation is performed properly, the capture trigger requires a pulse 
two cycles longer than the count clock selected by prescaler mode register 00 (PRM00). 
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<4> When the 8-bit timer counter Hn and the CMP1n register match, an inactive level is output and the compare 
register to be compared with 8-bit timer counter Hn is changed from the CMP1n register to the CMP0n 
register.  At this time, 8-bit timer counter Hn is not cleared and the INTTMHn signal is not generated. 

<5> By performing procedures <3> and <4> repeatedly, a pulse with an arbitrary duty can be obtained. 
<6> To stop the count operation, set TMHEn = 0. 

If the setting value of the CMP0n register is N, the setting value of the CMP1n register is M, and the count 
clock frequency is fCNT, the PWM pulse output cycle and duty are as follows. 

 
•  PWM pulse output cycle = (N + 1)/fCNT 
•  Duty = (M + 1)/(N + 1) 

 
Cautions 1. The set value of the CMP1n register can be changed while the timer counter is operating.  

However, this takes a duration of three operating clocks (signal selected by the CKSn2 to 
CKSn0 bits of the TMHMDn register) from when the value of the CMP1n register is changed 
until the value is transferred to the register. 

 2. Be sure to set the CMP1n register when starting the timer count operation (TMHEn = 1) after 
the timer count operation was stopped (TMHEn = 0) (be sure to set again even if setting the 
same value to the CMP1n register). 

 3. Make sure that the CMP1n register setting value (M) and CMP0n register setting value (N) are 
within the following range. 

  00H ≤ CMP1n (M) < CMP0n (N) ≤ FFH 
 

Remarks 1. For the setting of the output pin, see 8.3 (3)  Port mode register 3 (PM3). 
 2. For details on how to enable the INTTMHn signal interrupt, see CHAPTER 17  INTERRUPT 

FUNCTIONS. 
 3. n = 0 to 2, however, TOH0 and TOH1 only for TOHn 
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Figure 12-9.  Format of A/D Port Configuration Register 0 (ADPC0) 
 
Address: FF8FH   After reset: 08H   R/W 

Symbol 7 6 5 4 3 2 1 0 

ADPC0 0 0 0 0 0 ADPC02 ADPC01 ADPC00 

 

Digital I/O (D)/analog input (A) switching ADPC02 ADPC01 ADPC00 

 P25 

/ANI5 

P24 

/ANI4 

P23 

/ANI3 

P22 

/AN2 

P21 

/ANI1 

P20 

/ANI0 

0 0 0 A A A A A A 

0 0 1 A A A A A D 

0 1 0 A A A A D D 

0 1 1 A A A D D D 

1 0 0 A A D D D D 

1 0 1 A D D D D D 

1 1 0 D D D D D D 

Other than above Setting prohibited 

 
Cautions 1. Set the channel used for A/D conversion to the input mode by using port mode register 2 

(PM2).  
 2. Do not set the pin set by ADPC0 as digital I/O by ADS, ADDS1, or ADDS0. 
 3. If data is written to ADPC0, a wait cycle is generated.  Do not write data to ADPC0 when the 

CPU is operating on the subsystem clock and the peripheral hardware clock is stopped.  For 
details, see CHAPTER 29 CAUTIONS FOR WAIT. 

 4. If pins ANI0/P20/SEG21 to ANI5/P25/SEG16 are set to segment output via the PF2 register, 
output is set to segment output, regardless of the ADPC0 setting. 
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(2) Asynchronous serial interface reception error status register 6 (ASIS6) 
This register indicates an error status on completion of reception by serial interface UART6.  It includes three 
error flag bits (PE6, FE6, OVE6).  
This register is read-only by an 8-bit memory manipulation instruction. 
Reset signal generation, or clearing bit 7 (POWER6) or bit 5 (RXE6) of ASIM6 to 0 clears this register to 00H.  
00H is read when this register is read.  If a reception error occurs, read ASIS6 and then read receive buffer 
register 6 (RXB6) to clear the error flag. 

 
Figure 14-6.  Format of Asynchronous Serial Interface Reception Error Status Register 6 (ASIS6) 

 
Address:  FF53H  After reset:  00H  R 

Symbol 7 6 5 4 3 2 1 0 

ASIS6 0 0 0 0 0 PE6 FE6 OVE6 

         

 PE6 Status flag indicating parity error 

 0 If POWER6 = 0 or RXE6 = 0, or if ASIS6 register is read 

 1 If the parity of transmit data does not match the parity bit on completion of reception 

   

 FE6 Status flag indicating framing error 

 0 If POWER6 = 0 or RXE6 = 0, or if ASIS6 register is read 

 1 If the stop bit is not detected on completion of reception 

   

 OVE6 Status flag indicating overrun error 

 0 If POWER6 = 0 or RXE6 = 0, or if ASIS6 register is read 

 1 If receive data is set to the RXB6 register and the next reception operation is completed before the 
data is read. 

 
Cautions 1. The operation of the PE6 bit differs depending on the set values of the PS61 and PS60 bits of 

asynchronous serial interface operation mode register 6 (ASIM6). 
 2. For the stop bit of the receive data, only the first stop bit is checked regardless of the number 

of stop bits. 
 3. If an overrun error occurs, the next receive data is not written to receive buffer register 6 

(RXB6) but discarded. 
 4. If data is read from ASIS6, a wait cycle is generated.  Do not read data from ASIS6 when the 

CPU is operating on the subsystem clock and the peripheral hardware clock is stopped.  For 
details, see CHAPTER 29  CAUTIONS FOR WAIT. 
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14.4.3  Dedicated baud rate generator 
The dedicated baud rate generator consists of a source clock selector and an 8-bit programmable counter, and 

generates a serial clock for transmission/reception of UART6. 
Separate 8-bit counters are provided for transmission and reception. 
 

(1) Configuration of baud rate generator  
 

• Base clock 
 The clock selected by bits 3 to 0 (TPS63 to TPS60) of clock selection register 6 (CKSR6) is supplied to 

each module when bit 7 (POWER6) of asynchronous serial interface operation mode register 6 (ASIM6) is 
1.  This clock is called the base clock and its frequency is called fXCLK6.  The base clock is fixed to low level 
when POWER6 = 0. 

 
• Transmission counter 
 This counter stops operation, cleared to 0, when bit 7 (POWER6) or bit 6 (TXE6) of asynchronous serial 

interface operation mode register 6 (ASIM6) is 0.  
 It starts counting when POWER6 = 1 and TXE6 = 1.  
 The counter is cleared to 0 when the first data transmitted is written to transmit buffer register 6 (TXB6). 
 If data are continuously transmitted, the counter is cleared to 0 again when one frame of data has been 

completely transmitted.  If there is no data to be transmitted next, the counter is not cleared to 0 and continues 
counting until POWER6 or TXE6 is cleared to 0.  

 
• Reception counter 
 This counter stops operation, cleared to 0, when bit 7 (POWER6) or bit 5 (RXE6) of asynchronous serial 

interface operation mode register 6 (ASIM6) is 0.  
 It starts counting when the start bit has been detected.  
 The counter stops operation after one frame has been received, until the next start bit is detected. 
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Figure 15-24.  Examples of LCD Drive Power Connections (External Resistance Division Method) (2/2) 

 
(e)  1/3 bias method 

(MDSET1, MDSET0 = 0, 0) 
(example of VDD = 5 V, VLC0 = 5 V) 

(f)  1/3 bias method 
(MDSET1, MDSET0 = 0, 0) 

(example of VDD = 5 V, VLC0 = 3 V) 
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(g)  1/4 bias method 
(MDSET1, MDSET0 = 0, 0) 

(example of VDD = 5 V, VLC0 = 5 V) 

(h)  1/4 bias method 
(MDSET1, MDSET0 = 0, 0) 

(example of VDD = 5 V, VLC0 = 3 V) 
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Figure 16-8.  Timing of Manchester Code Generator Mode (LSB First) (2/4) 
 

(2)  Transmit timing (MC0OLV = 0, total transmit bit length = 8 bits) 
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Figure 20-2.  Timing of Reset by RESET Input 
 

Delay Delay
(5   s (TYP.))

Hi-Z

Normal operationCPU clock Reset period 
(oscillation stop)

Normal operation 
(internal high-speed oscillation clock)

RESET

Internal reset signal

 Port pin

High-speed system clock
(when X1 oscillation is selected)

Internal high-speed
oscillation clock

Starting X1 oscillation is specified by software.

Reset
processing

(11 to 47   s)μ

μ

Wait for oscillation
accuracy stabilization

(86 to 361   s)μ

 
 

Figure 20-3.  Timing of Reset Due to Watchdog Timer Overflow 
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Caution A watchdog timer internal reset resets the watchdog timer. 
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Clocks Flag Instruction 
Group 

Mnemonic Operands Bytes
Note 1 Note 2 

Operation 
Z AC CY

CALL !addr16 3 7 − (SP − 1) ← (PC + 3)H, (SP − 2) ← (PC + 3)L, 
PC ← addr16, SP ← SP − 2 

   

CALLF !addr11 2 5 − (SP − 1) ← (PC + 2)H, (SP − 2) ← (PC + 2)L, 
PC15 − 11 ← 00001, PC10 − 0 ← addr11, 
SP ← SP − 2 

   

CALLT [addr5] 1 6 − (SP − 1) ← (PC + 1)H, (SP − 2) ← (PC + 1)L, 
PCH ← (00000000, addr5 + 1), 
PCL ← (00000000, addr5), 
SP ← SP − 2 

   

BRK  1 6 − (SP − 1) ← PSW, (SP − 2) ← (PC + 1)H, 
(SP − 3) ← (PC + 1)L, PCH ← (003FH), 
PCL ← (003EH), SP ← SP − 3, IE ← 0 

   

RET  1 6 − PCH ← (SP + 1), PCL ← (SP), 
SP ← SP + 2 

   

RETI  1 6 − PCH ← (SP + 1), PCL ← (SP), 
PSW ← (SP + 2), SP ← SP + 3 

R R R

Call/return 

RETB  1 6 − PCH ← (SP + 1), PCL ← (SP), 
PSW ← (SP + 2), SP ← SP + 3 

R R R

PSW 1 2 − (SP − 1) ← PSW, SP ← SP − 1    PUSH 

rp 1 4 − (SP − 1) ← rpH, (SP − 2) ← rpL, 
SP ← SP − 2 

   

PSW 1 2 − PSW ← (SP), SP ← SP + 1 R R RPOP 

rp 1 4 − rpH ← (SP + 1), rpL ← (SP), 
SP ← SP + 2 

   

SP, #word 4 − 10 SP ← word    

SP, AX 2 − 8 SP ← AX    

Stack 
manipulate 

MOVW 

AX, SP 2 − 8 AX ← SP    

!addr16 3 6 − PC ← addr16    

$addr16 2 6 − PC ← PC + 2 + jdisp8    

Unconditional 
branch 

BR 

AX 2 8 − PCH ← A, PCL ← X    

BC $addr16 2 6 − PC ← PC + 2 + jdisp8 if CY = 1    

BNC $addr16 2 6 − PC ← PC + 2 + jdisp8 if CY = 0    

BZ $addr16 2 6 − PC ← PC + 2 + jdisp8 if Z = 1    

Conditional 
branch 

BNZ $addr16 2 6 − PC ← PC + 2 + jdisp8 if Z = 0    
          

Notes 1. When the internal high-speed RAM area is accessed or for an instruction with no data access 
 2. When an area except the internal high-speed RAM area is accessed 

 
Remarks 1. One instruction clock cycle is one cycle of the CPU clock (fCPU) selected by the processor clock 

control register (PCC). 
 2. This clock cycle applies to the internal ROM program. 
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Standard products

(2) Manchester code generator 
 (TA = −40 to +85°C, 1.8 V ≤ VDD ≤ 5.5 V, VSS = AVSS = 0 V) 
  

Parameter Symbol Conditions MIN. TYP. MAX. Unit 

Transfer rate     250 kbps 

 
 
(3) Serial interface 
 (TA = −40 to +85°C, 1.8 V ≤ VDD ≤ 5.5 V, VSS = AVSS = 0 V) 
 

(a) UART6 (Dedicated baud rate generator output) 

Parameter Symbol Conditions MIN. TYP. MAX. Unit 

Transfer rate     625 kbps 

 
(b) UART0 (Dedicated baud rate generator output) 

Parameter Symbol Conditions MIN. TYP. MAX. Unit 

Transfer rate     625 kbps 
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Standard products

LCD Characteristics 
 
(1) Resistance division method 
 

(a) Static display mode (TA = −40 to +85°C, 1.8 V ≤ VLCD ≤ VDD ≤ 5.5 V, VSS = 0 V)Note 3 
Parameter Symbol Conditions MIN. TYP. MAX. Unit 

LCD drive voltage VLCD Note 3   VDD V 

LCD divider resistorNote 1 RLCD  60 100 150 kΩ 

LCD output resistorNote 2 

(Common) 
RODC    40 kΩ 

LCD output resistorNote 2 

(Segment) 
RODS    200 kΩ 

 
(b) 1/3 bias method  (TA = −40 to +85°C, 1.8 V ≤ VLCD ≤ VDD ≤ 5.5 V, VSS = 0 V)Note 3 

Parameter Symbol Conditions MIN. TYP. MAX. Unit 

LCD drive voltage VLCD Note 3   VDD V 

LCD divider resistorNote 1 RLCD  60 100 150 kΩ 

LCD output resistorNote 2 

(Common) 
RODC    40 kΩ 

LCD output resistorNote 2 

(Segment) 
RODS    200 kΩ 

 
(c) 1/2 bias method (TA = −40 to +85°C, 1.8 V ≤ VLCD ≤ VDD ≤ 5.5 V, VSS = 0 V)Note 3 

1/4 bias method (TA = −40 to +85°C, 4.5 V ≤ VLCD ≤ VDD ≤ 5.5 V, VSS = 0 V)Note 3 
Parameter Symbol Conditions MIN. TYP. MAX. Unit 

LCD drive voltage VLCD Note 3   VDD V 

LCD divider resistorNote 1 RLCD  60 100 150 kΩ 

LCD output resistorNote 2 

(Common) 
RODC    40 kΩ 

LCD output resistorNote 2 

(Segment) 
RODS    200 kΩ 

 
Notes 1. Internal resistance division method only. 
 2. The output resistor is a resistor connected between one of the VLC0, VLC1, VLC2 and VSS pins, and either of 

the SEG and COM pins. 
 3. Set VAON based on the following conditions. 
  <When set to the static display mode> 
  •  When 2.0V≤ VLCD ≤ VDD ≤ 5.5 V: VAON = 0 
  •  When 1.8V≤ VLCD ≤ VDD ≤ 3.6 V: VAON = 1 
  <When set to the 1/3 bias method> 
  •  When 2.5V≤ VLCD ≤ VDD ≤ 5.5 V: VAON = 0 
  •  When 1.8V≤ VLCD ≤ VDD ≤ 3.6 V: VAON = 1 
  <When set to the 1/2 bias method> 
  •  When 2.7V≤ VLCD ≤ VDD ≤ 5.5 V: VAON = 0 
  •  When 1.8V≤ VLCD ≤ VDD ≤ 3.6 V: VAON = 1 
  <When set to the 1/4 bias method> 
  •  When 4.5V≤ VLCD ≤ VDD ≤ 5.5 V: VAON = 0 
  


