
Renesas Electronics America Inc - UPD78F0445GK-GAJ-AX Datasheet

Welcome to E-XFL.COM

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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1.8  Outline of Functions (μPD78F045x) 
(1/2) 

Item μPD78F0451 μPD78F0452 μPD78F0453 μPD78F0454 μPD78F0455 

Flash memory  
(self-programming 
supported)Note 

16 KB 24 KB 32 KB 48 KB 60 KB 

High-speed RAMNote 768 bytes 1 KB 

Expansion RAMNote − 1 KB 

Internal 
memory  

LCD display RAM 32 × 4 bits (with 4 com) or 28 × 8 bits (with 8 com) 

Memory space 64 KB 

High-speed system 
clock 

X1 (crystal/ceramic) oscillation, external main system clock input (EXCLK)  
2 to 10 MHz: VDD = 2.7 to 5.5 V,  
2 to 5 MHz: VDD = 1.8 to 5.5 V 

Main system 
clock 
(oscillation 
frequency) Internal high-speed 

oscillation clock 
Internal oscillation 

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

Subsystem clock  
(oscillation frequency) 

XT1 (crystal) oscillation  
32.768 kHz (TYP.): VDD = 1.8 to 5.5 V 

Internal low-speed oscillation clock 
(for TMH1, WDT)  

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

General-purpose registers 8 bits × 32 registers (8 bits × 8 registers × 4 banks) 

0.2 μs (high-speed system clock: @ fXH = 10 MHz operation)  

0.25 μs (internal high-speed oscillation clock: @ fRH = 8 MHz (TYP.) operation)  

Minimum instruction execution time 

122 μs (subsystem clock: @ fSUB = 32.768 kHz operation)  

Instruction set •  8-bit operation and 16-bit operation 
•  Bit manipulate (set, reset, test, and Boolean operation) 
•  BCD adjust, etc. 

I/O ports Total:  46 

CMOS I/O:  42 

CMOS input:  4 

Timers • 16-bit timer/event counter: 1 channel 
• 8-bit timer/event counter: 3 channels (out of which 2 channels can perform PWM output) 
• 8-bit timer: 3 channels (out of which 2 channels can perform PWM output) 
• Real-time counter: 1 channel 
• Watchdog timer: 1 channel 

Timer outputs 5 (PWM output: 4 and PPG output: 1)  

RTC outputs 2 

•  1 Hz (Subsystem clock: fSUB = 32.768 kHz) 
•  512 Hz or 16.384 kHz or 32.768 kHz (Subsystem clock: fSUB = 32.768 kHz) 

Buzzer output • 1.22 kHz, 2.44 kHz, 4.88 kHz, 9.77 MHz 

(peripheral hardware clock: @ fPRS = 10 MHz operation)  

Note The internal flash memory capacity, internal high-speed RAM capacity, and internal expansion RAM capacity 

can be changed using the internal memory size switching register (IMS) and the internal expansion RAM size 

switching register (IXS). 
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2.2.11  AVREF (μPD78F045x and 78F046x only) 

This is the 10-bit successive approximation type A/D converter reference voltage input pin and the positive power 

supply pin of port 2 and 16-bit ΔΣ type A/D converter. 

When the A/D converter is not used, connect this pin directly to VDD
Note. 

 

Note When one or more of the pins of port 2 is used as the digital port pins or for segment output, make AVREF 

the same potential as VDD. 

 

2.2.12  AVSS (μPD78F045x and 78F046x only) 

This is the A/D converter ground potential pin.  Even when the A/D converter is not used, always use this pin with 

the same potential as the VSS pin. 

 

2.2.13  COM0 to COM7 

These pins are the common signal output pins for the LCD controller/driver. 

 

2.2.14  VLC0 to VLC3 

These pins are the power supply voltage pins for driving the LCD. 

 

2.2.15  RESET 

This is the active-low system reset input pin. 

 

2.2.16  REGC 

This is the pin for connecting regulator output (2.4 V) stabilization capacitance for internal operation.  Connect this 

pin to VSS via a capacitor (0.47 to 1 μF: recommended).   

 

REGC

VSS

 
 

Caution  Keep the wiring length as short as possible in the area enclosed by the broken lines in the above figures. 

 

2.2.17  VDD 

This is the positive power supply pin. 

 

2.2.18  VSS 

This is the ground potential pin. 

 

2.2.19  FLMD0 

This is a pin for setting flash memory programming mode. 

Connect FLMD0 to VSS in the normal operation mode.   

In flash memory programming mode, connect this pin to the flash memory programmer. 
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Figure 3-1.  Memory Map (μPD78F0441, 78F0451) 

 

Special function registers
(SFR)

256 x 8 bits

Internal high-speed RAM
768 x 8 bits

General-purpose
registers

32 x 8 bits

Reserved

Flash memory
 16384 x 8 bits

Program
memory space

Data memory 
space

F F F F H

F F 0 0 H
F E F F H

F E E 0 H
F E D F H

F C 0 0 H
F B F F H

4 0 0 0 H
3 F F F H

0 0 0 0 H

0 8 0 0 H
0 7 F F H

1 0 0 0 H
0 F F F H

0 0 4 0 H
0 0 3 F H

0 0 0 0 H

0 0 8 5 H
0 0 8 4 H

Program area
1905 × 8 bits

Program area

3 F F F H

Program area

0 0 8 0 H
0 0 7 F H

1 0 8 0 H
1 0 7 F H

0 0 8 F H
0 0 8 E H

1 0 8 5 H
1 0 8 4 H

1 0 8 F H
1 0 8 E H

Vector table area
64 × 8 bits

CALLT table area
64 × 8 bits

Option byte areaNote 1

5 × 8 bits

On-chip debug security
ID setting areaNote 1

10 × 8 bits

Option byte areaNote 1

5 × 8 bits

CALLF entry area
2048 × 8 bits

1 F F F H

Boot cluster 0Note 2

Boot cluster 1

On-chip debug security
ID setting areaNote 1

10 × 8 bits

F A 6 0 H
F A 5 F H LCD display RAM

32 × 8 bits
F A 4 0 H
F A 3 F H

Reserved

 
 

Notes 1. When boot swap is not used:  Set the option bytes to 0080H to 0084H, and the on-chip debug security 

IDs to 0085H to 008EH. 

  When boot swap is used:  Set the option bytes to 0080H to 0084H and 1080H to 1084H, and the 

on-chip debug security IDs to 0085H to 008EH and 1085H to 108EH. 

 2. Writing boot cluster 0 can be prohibited depending on the setting of security (see 27.8  Security 

Setting). 

 

Remark The flash memory is divided into blocks (one block = 1 KB).  For the address values and block numbers, 

see Table 3-2  Correspondence Between Address Values and Block Numbers in Flash Memory. 

 

Block 00H

Block 01H

Block 0FH

1 KB

3 F F F H

0 7 F F H

0 0 0 0 H

0 4 0 0 H
0 3 F F H

3 C 0 0 H
3 B F F H
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Figure 4-3.  Block Diagram of P12 
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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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(2) Example of setting procedure when using the external main system clock 

<1> Setting P121/X1 and P122/X2/EXCLK pins and selecting operation mode (OSCCTL register) 

When EXCLK and OSCSEL are set to 1, the mode is switched from port mode to external clock input 

mode. 

EXCLK OSCSEL Operation Mode of High-

Speed System Clock Pin 

P121/X1 Pin P122/X2/EXCLK Pin 

1 1 External clock input mode I/O port External clock input 

 

<2> Controlling external main system clock input (MOC register) 

When MSTOP is cleared to 0, the input of the external main system clock is enabled. 
 

Cautions 1. Do not change the value of EXCLK and OSCSEL while the external main system clock is 

operating. 

 2.  Set the external main system clock after the supply voltage has reached the operable 

voltage of the clock to be used (see CHAPTER 30  ELECTRICAL SPECIFICATIONS 

(STANDARD PRODUCTS)). 

 

(3) Example of setting procedure when using high-speed system clock as CPU clock and peripheral 

hardware clock 

<1> Setting high-speed system clock oscillationNote 

(See 5.6.1 (1)  Example of setting procedure when oscillating the X1 clock and (2) Example of 

setting procedure when using the external main system clock.) 

 

Note  The setting of <1> is not necessary when high-speed system clock is already operating. 

 

<2> Setting the high-speed system clock as the main system clock (MCM register) 

When XSEL and MCM0 are set to 1, the high-speed system clock is supplied as the main system clock 

and peripheral hardware clock. 

Selection of Main System Clock and Clock Supplied to Peripheral Hardware XSEL MCM0 

Main System Clock (fXP) Peripheral Hardware Clock (fPRS) 

1 1 High-speed system clock (fXH) High-speed system clock (fXH) 

Caution  If the high-speed system clock is selected as the main system clock, a clock other than 

the high-speed system clock cannot be set as the peripheral hardware clock. 

 

<3> Setting the main system clock as the CPU clock and selecting the division ratio (PCC register) 

When CSS is cleared to 0, the main system clock is supplied to the CPU.  To select the CPU clock 

division ratio, use PCC0, PCC1, and PCC2. 

CSS PCC2 PCC1 PCC0 CPU Clock (fCPU) Selection 

0 0 0 fXP 

0 0 1 fXP/2 (default) 

0 1 0 fXP/22 

0 1 1 fXP/23 

1 0 0 fXP/24 

0 

Other than above Setting prohibited 
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5.6.6  CPU clock status transition diagram 

Figure 5-15 shows the CPU clock status transition diagram of this product. 

 

Figure 5-15.  CPU Clock Status Transition Diagram  

(When 1.59 V POC Mode Is Set (Option Byte: POCMODE = 0)) 

 

Power ON

Reset release

Internal low-speed oscillation: Woken up
Internal high-speed oscillation: Woken up
X1 oscillation/EXCLK input: Stops (I/O port mode)
XT1 oscillation input: Stops (Input port mode)

Internal low-speed oscillation: Operating
Internal high-speed oscillation: Operating
X1 oscillation/EXCLK input: Stops (I/O port mode)
XT1 oscillation input: Stops (Input port mode)

CPU: Operating
with internal high-
speed oscillation

Internal low-speed oscillation: Operable
Internal high-speed oscillation: Operating
X1 oscillation/EXCLK input: 
Selectable by CPU
XT1 oscillation input: Selectable by CPU CPU: Internal high-

speed oscillation
→ STOP

Internal low-speed oscillation: 
Operable
Internal high-speed oscillation: 
Stops
X1 oscillation/EXCLK input: Stops
XT1 oscillation input: Operable

CPU: Internal high-
speed oscillation

→ HALT

Internal low-speed oscillation: 
Operable
Internal high-speed oscillation: 
Operating
X1 oscillation/EXCLK input: Operable
XT1 oscillation input: Operable

CPU: Operating
with X1 oscillation or

EXCLK input

CPU: X1
oscillation/EXCLK

input → STOP
CPU: X1

oscillation/EXCLK
input → HALT

Internal low-speed oscillation: Operable
Internal high-speed oscillation: 
Selectable by CPU
X1 oscillation/EXCLK input: Operating
XT1 oscillation input: Selectable by CPU

Internal low-speed oscillation: 
Operable
Internal high-speed oscillation: 
Stops
X1 oscillation/EXCLK input: Stops
XT1 oscillation: OperableInternal low-speed oscillation: 

Operable
Internal high-speed oscillation: 
Operable
X1 oscillation/EXCLK input: Operating
XT1 oscillation input: Operable

CPU: Operating
with XT1 oscillation 

input

CPU: XT1
oscillation input 

→ HALT

Internal low-speed oscillation: Operable
Internal high-speed oscillation: 
Selectable by CPU
X1 oscillation/EXCLK input: 
Selectable by CPU
XT1 oscillation input: Operating

Internal low-speed oscillation: Operable
Internal high-speed oscillation: Operable
X1 oscillation/EXCLK input: Operable
XT1 oscillation input: Operating

(B)

(A)

(C)

(D)

(E)

(F)

(G)

(H)

(I)

VDD ≥ 1.59 V (TYP.)

VDD ≥ 1.8 V (MIN.)

VDD < 1.59 V (TYP.)

 
 

Remark In the 2.7 V/1.59 V POC mode (option byte: POCMODE = 1), the CPU clock status changes to (A) in the 

above figure when the supply voltage exceeds 2.7 V (TYP.), and to (B) after reset processing (11 to 47 

μs (TYP.)). 
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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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Figure 6-19.  Example of Software Processing for Square Wave Output Function 

 

TM00 register

0000H

Operable bits
(TMC003, TMC002)

CR000 register

TO00 output

INTTM000 signal

TO00 output control bit
(TOC001, TOE00)

TMC003, TMC002 bits = 11

TMC003, TMC002 bits = 00

Register initial setting
PRM00 register,
CRC00 register,

TOC00 registerNote,
CR000 register,

port setting

Initial setting of these registers is performed before 
setting the TMC003 and TMC002 bits to 11.

Starts count operation

The counter is initialized and counting is stopped 
by clearing the TMC003 and TMC002 bits to 00.

START

STOP

<1> Count operation start flow

<2> Count operation stop flow

N

1100

N N N

<1> <2>

00

 
 

 

Note Care must be exercised when setting TOC00.  For details, see 6.3 (3)  16-bit timer output control 

register 00 (TOC00). 
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6.6  Cautions for 16-Bit Timer/Event Counter 00 
 

(1) Restrictions for each channel of 16-bit timer/event counter 00 

Table 6-3 shows the restrictions for each channel. 

 

Table 6-3.  Restrictions for Each Channel of 16-Bit Timer/Event Counter 00 

Operation Restriction 

As interval timer 

As square wave output 

As external event counter 

− 

As clear & start mode entered by 

TI000 pin valid edge input 

Using timer output (TO00) is prohibited when detection of the valid edge of the TI010 pin is 

used. (TOC00 = 00H) 

As free-running timer − 

As PPG output 0000H ≤ CR010 < CR000 ≤ FFFFH 

As one-shot pulse output Setting the same value to CR000 and CR010 is prohibited. 

As pulse width measurement Using timer output (TO00) is prohibited (TOC00 = 00H) 

 

 (2) Timer start errors 

An error of up to one clock may occur in the time required for a match signal to be generated after timer start.  

This is because counting TM00 is started asynchronously to the count pulse. 

 

Figure 6-59.  Start Timing of TM00 Count 

 

0000H

Timer start

0001H 0002H 0003H 0004H

Count pulse

TM00 count value

 
 

(3) Setting of CR000 and CR010 (clear & start mode entered upon a match between TM00 and CR000) 

Set a value other than 0000H to CR000 and CR010 (TM00 cannot count one pulse when it is used as an external 

event counter). 
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CHAPTER  7   8-BIT  TIMER/EVENT  COUNTERS  50,  51,  AND  52 
 

 

7.1  Functions of 8-Bit Timer/Event Counters 50, 51, and 52 
 

8-bit timer/event counters 50 and 51 have the following functions. 

 

• Interval timer 

• External event counterNote 1 

• Square-wave outputNote 2 

• PWM outputNote 2 

 

Notes 1. TM52 and TM00 can be connected in cascade to be used as an external 24-bit event counter.  Also, 

the external event input of TM52 can be input enable-controlled via TMH2.  For details, see CHAPTER 

6  16-BIT TIMER/EVENT COUNTER 00. 

 2. TM50 and TM51 only. 

 

7.2  Configuration of 8-Bit Timer/Event Counters 50, 51, and 52 
 

8-bit timer/event counters 50, 51, and 52 include the following hardware. 

 

Table 7-1.  Configuration of 8-Bit Timer/Event Counters 50, 51, and 52 

Item Configuration 

Timer register 8-bit timer counter 5n (TM5n) 

Register 8-bit timer compare register 5n (CR5n) 

Timer input TI5n 

Timer output TO50, TO51 

Control registers Timer clock selection register 5n (TCL5n) 

8-bit timer mode control register 5n (TMC5n) 

Input switch control register (ISC) 

Port mode register 3 (PM3) or port mode register 4 (PM4) 

Port register 3 (P3) or port register 4 (P4) 

 

Remark n = 0 to 2 

 

Figures 7-1 to 7-3 show the block diagrams of 8-bit timer/event counters 50, 51, and 52. 
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12.6  Cautions for 10-bit successive approximation type A/D Converter 
 

(1) Operating current in STOP mode 

The A/D converter stops operating in the STOP mode.  At this time, the operating current can be reduced by 

clearing bit 7 (ADCS) and bit 0 (ADCE) of the A/D converter mode register (ADM) to 0.   

To restart from the standby status, clear bit 0 (ADIF) of interrupt request flag register 1L (IF1L) to 0 and start 

operation. 

 

(2) Input range of ANI0 to ANI7 

Observe the rated range of the ANI0 to ANI7 input voltage.  If a voltage of AVREF or higher and AVSS or lower 

(even in the range of absolute maximum ratings) is input to an analog input channel, the converted value of that 

channel becomes undefined.  In addition, the converted values of the other channels may also be affected. 

 

(3) Conflicting operations 

 

<1> Conflict between A/D conversion result register (ADCR, ADCRH) write and ADCR or ADCRH read by 

instruction upon the end of conversion 

 ADCR or ADCRH read has priority.  After the read operation, the new conversion result is written to ADCR 

or ADCRH.   

<2> Conflict between ADCR or ADCRH write and A/D converter mode register (ADM) write, analog input 

channel specification register (ADS), or A/D port configuration register 0 (ADPC0) write upon the end of 

conversion 

 ADM, ADS, or ADPC0 write has priority.  ADCR or ADCRH write is not performed, nor is the conversion 

end interrupt signal (INTAD) generated.   

 

(4) Noise countermeasures 

To maintain the 10-bit resolution, attention must be paid to noise input to the AVREF pin and pins ANI0 to ANI7.   

<1> Connect a capacitor with a low equivalent resistance and a good frequency response to the power supply. 

<2> The higher the output impedance of the analog input source, the greater the influence.  To reduce the 

noise, connecting external C as shown in Figure 12-20 is recommended. 

<3> Do not switch these pins with other pins during conversion. 

<4> The accuracy is improved if the HALT mode is set immediately after the start of conversion. 
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Figure 14-2.  Format of Asynchronous Serial Interface Operation Mode Register 0 (ASIM0) (2/2) 

 

 PS01 PS00 Transmission operation Reception operation 

 0 0 Does not output parity bit. Reception without parity 

 0 1 Outputs 0 parity. Reception as 0 parityNote  

 1 0 Outputs odd parity. Judges as odd parity. 

 1 1 Outputs even parity. Judges as even parity. 

         

 CL0 Specifies character length of transmit/receive data 

 0 Character length of data = 7 bits 

 1 Character length of data = 8 bits 

   

 SL0 Specifies number of stop bits of transmit data 

 0 Number of stop bits = 1 

 1 Number of stop bits = 2 

 

Note If “reception as 0 parity” is selected, the parity is not judged.  Therefore, bit 2 (PE0) of asynchronous serial 

interface reception error status register 0 (ASIS0) is not set and the error interrupt does not occur. 

 

Cautions 1. To start the transmission, set POWER0 to 1 and then set TXE0 to 1.  To stop the transmission, 

clear TXE0 to 0, and then clear POWER0 to 0. 

 2. To start the reception, set POWER0 to 1 and then set RXE0 to 1.  To stop the reception, clear 

RXE0 to 0, and then clear POWER0 to 0. 

 3. Set POWER0 to 1 and then set RXE0 to 1 while a high level is input to the RxD0 pin.  If 

POWER0 is set to 1 and RXE0 is set to 1 while a low level is input, reception is started. 

 4. TXE0 and RXE0 are synchronized by the base clock (fXCLK0) set by BRGC0.  To enable 

transmission or reception again, set TXE0 or RXE0 to 1 at least two clocks of base clock after 

TXE0 or RXE0 has been cleared to 0.  If TXE0 or RXE0 is set within two clocks of base clock, 

the transmission circuit or reception circuit may not be initialized. 

 5. Set transmit data to TXS0 at least one base clock (fXCLK0) after setting TXE0 = 1. 

 6. Clear the TXE0 and RXE0 bits to 0 before rewriting the PS01, PS00, and CL0 bits. 

 7. Make sure that TXE0 = 0 when rewriting the SL0 bit.  Reception is always performed with 

“number of stop bits = 1”, and therefore, is not affected by the set value of the SL0 bit. 

 8. Be sure to set bit 0 to 1. 
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17.7.2  Two-time-slice display example 

Figure 17-21 shows how the 6-digit LCD panel having the display pattern shown in Figure 17-20 is connected to 

the segment signals (SEG0 to SEG23) and the common signals (COM0 and COM1) of the 78K0/LE3 chip.  This 

example displays data "12345.6" in the LCD panel.  The contents of the display data memory (FA40H to FA57H) 

correspond to this display. 

The following description focuses on numeral "3" (     ) displayed in the fourth digit.  To display "3" in the LCD panel, 

it is necessary to apply the select or deselect voltage to the SEG12 to SEG15 pins according to Table 17-7 at the 

timing of the common signals COM0 and COM1; see Figure 17-20 for the relationship between the segment signals 

and LCD segments. 

 

Table 17-7.  Select and Deselect Voltages (COM0 and COM1) 

Segment SEG12 SEG13 SEG14 SEG15 

Common     

COM0 Select Select Deselect Deselect 

COM1 Deselect Select Select Select 

 

According to Table 17-7, it is determined that the display data memory location (FA4FH) that corresponds to 

SEG15 must contain xx10. 

Figure 17-22 shows examples of LCD drive waveforms between the SEG15 signal and each common signal.  

When the select voltage is applied to SEG15 at the timing of COM1, an alternate rectangle waveform, +VLCD/−VLCD, is 

generated to turn on the corresponding LCD segment. 

 

Figure 17-20.  Two-Time-Slice LCD Display Pattern and Electrode Connections 

 

SEG4n+2

SEG4n+3

SEG4n+1

SEG4n

COM0

COM1  
 

Remark n = 0 to 5 
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(3) MCG control register 2 (MC0CTL2) 

This register is used to set the transmit baud rate. 

This register can be set by an 8-bit memory manipulation instruction. 

Reset signal generation sets this register to 1FH. 

 

Figure 18-6.  Format of MCG Control Register 2 (MC0CTL2) 

 

Address:  FF4EH     After reset:  1FH     R/W 

Symbol 7 6 5 4 3 2 1 0 

MC0CTL2 0 0 0 MC0BRS4 MC0BRS3 MC0BRS2 MC0BRS1 MC0BRS0 

        

 MC0BRS4 MC0BRS3 MC0BRS2 MC0BRS1 MC0BRS0 k Output clock selection of 5-bit 

counter 

 0 0 0 × × 4 fXCLK/4 

 0 0 1 0 0 4 fXCLK/4 

 0 0 1 0 1 5 fXCLK/5 

 0 0 1 1 0 6 fXCLK/6 

 0 0 1 1 1 7 fXCLK/7 

 • 
• 
• 
• 
• 

• 
• 
• 
• 
• 

• 
• 
• 
• 
• 

• 
• 
• 
• 
• 

• 
• 
• 
• 
• 

• 
• 
• 
• 
• 

• 
• 
• 
• 
• 

 1 1 1 0 0 28 fXCLK/28 

 1 1 1 0 1 29 fXCLK/29 

 1 1 1 1 0 30 fXCLK/30 

 1 1 1 1 1 31 fXCLK/31 

 

Cautions 1. Clear bit 7 (MC0PWR) of the MC0CTL0 register to 0 before rewriting the MC0BRS4 to 

MC0BRS0 bits. 

 2. The value from further dividing the output clock of the 5-bit counter by 2 is the baud 

rate value. 

 

Remarks 1. fXCLK: Frequency of the base clock selected by the MC0CKS2 to MC0CKS0 bits of the 

MC0CTL1 register 

 2. k:  Value set by the MC0BRS4 to MC0BRS0 bits (k = 4, 5, 6, 7, …., 31) 

 3. ×:  Don’t care 

 

(4) MCG status register (MC0STR) 

This register is used to indicate the operation status of the Manchester code generator. 

This register can be read by a 1-bit or 8-bit memory manipulation instruction.  Writing to this register is not 

possible. 

Reset signal generation or setting MC0PWR = 0 clears this register to 00H. 
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(c) MCG control register 2 (MC0CTL2) 

This register is used to set the transmit baud rate. 

This register can be set by an 8-bit memory manipulation instruction. 

Reset signal generation sets this register to 1FH. 

 

Address:  FF4EH     After reset:  1FH     R/W 

Symbol 7 6 5 4 3 2 1 0 

MC0CTL2 0 0 0 MC0BRS4 MC0BRS3 MC0BRS2 MC0BRS1 MC0BRS0 

        

 MC0BRS4 MC0BRS3 MC0BRS2 MC0BRS1 MC0BRS0 k Output clock selection of 5-bit 

counter 

 0 0 0 × × 4 fXCLK/4 

 0 0 1 0 0 4 fXCLK/4 

 0 0 1 0 1 5 fXCLK/5 

 0 0 1 1 0 6 fXCLK/6 

 0 0 1 1 1 7 fXCLK/7 

 • 
• 
• 
• 
• 

• 
• 
• 
• 
• 

• 
• 
• 
• 
• 

• 
• 
• 
• 
• 

• 
• 
• 
• 
• 

• 
• 
• 
• 
• 

• 
• 
• 
• 
• 

 1 1 1 0 0 28 fXCLK/28 

 1 1 1 0 1 29 fXCLK/29 

 1 1 1 1 0 30 fXCLK/30 

 1 1 1 1 1 31 fXCLK/31 

 

Cautions 1. Clear bit 7 (MC0PWR) of the MC0CTL0 register to 0 before rewriting the MC0BRS4 to 

MC0BRS0 bits. 

 2. The value from further dividing the output clock of the 5-bit counter by 2 is the baud 

rate value. 

 

Remarks 1. fXCLK: Frequency of the base clock selected by the MC0CKS2 to MC0CKS0 bits of the 

MC0CTL1 register 

 2. k:  Value set by the MC0BRS4 to MC0BRS0 bits (k = 4, 5, 6, 7, …., 31) 

 3. ×:  Don’t care 

 

<1> Baud rate 

The baud rate can be calculated by the following expression. 

 

•  Baud rate =           [bps] 

 

fXCLK: Frequency of base clock selected by the MC0CKS2 to MC0CKS0 bits of the MC0CTL1 register 

k: Value set by the MC0BRS4 to MC0BRS0 bits of the MC0CTL2 register (k = 4, 5, 6, ..., 31)  

fXCLK 

2 × k 
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(c) MCG control register 2 (MC0CTL2) 

This register is used to set the transmit baud rate. 

This register can be set by an 8-bit memory manipulation instruction. 

Reset signal generation sets this register to 1FH. 

 

Address:  FF4EH     After reset:  1FH     R/W 

Symbol 7 6 5 4 3 2 1 0 

MC0CTL2 0 0 0 MC0BRS4 MC0BRS3 MC0BRS2 MC0BRS1 MC0BRS0 

        

 MC0BRS4 MC0BRS3 MC0BRS2 MC0BRS1 MC0BRS0 k Output clock selection of 5-bit 

counter 

 0 0 0 × × 4 fXCLK/4 

 0 0 1 0 0 4 fXCLK/4 

 0 0 1 0 1 5 fXCLK/5 

 0 0 1 1 0 6 fXCLK/6 

 0 0 1 1 1 7 fXCLK/7 

 • 
• 
• 
• 
• 

• 
• 
• 
• 
• 

• 
• 
• 
• 
• 

• 
• 
• 
• 
• 

• 
• 
• 
• 
• 

• 
• 
• 
• 
• 

• 
• 
• 
• 
• 

 1 1 1 0 0 28 fXCLK/28 

 1 1 1 0 1 29 fXCLK/29 

 1 1 1 1 0 30 fXCLK/30 

 1 1 1 1 1 31 fXCLK/31 

 

Cautions 1. Clear bit 7 (MC0PWR) of the MC0CTL0 register to 0 before rewriting the MC0BRS4 to 

MC0BRS0 bits. 

 2. The value from further dividing the output clock of the 5-bit counter by 2 is the baud 

rate value. 

 

Remarks 1. fXCLK: Frequency of the base clock selected by the MC0CKS2 to MC0CKS0 bits of the 

MC0CTL1 register 

 2. k:  Value set by the MC0BRS4 to MC0BRS0 bits (k = 4, 5, 6, 7, …., 31) 

 3. ×:  Don’t care 

 

<1> Baud rate 

The baud rate can be calculated by the following expression. 

 

•  Baud rate =           [bps] 

 

fXCLK: Frequency of base clock selected by the MC0CKS2 to MC0CKS0 bits of the MC0CTL1 register 

k: Value set by the MC0BRS4 to MC0BRS0 bits of the MC0CTL2 register (k = 4, 5, 6, ..., 31)  

fXCLK 

2 × k 
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(5) End width determination 

(a) Type A reception mode 

 

RIN

RMDLS

RMDLL

<1> <2>

RIN

RMER

Δ
 

 

(b) Type B, Type C reception modes 

 

RIN

RMDH0L

RMDH1L

<1> <2>

RIN

RMER

Δ
 

 

Relationship Between RMER/Counter Position of Waveform Corresponding Operation 

Counter < RMER <1>: Short Error interrupt INTRERR is generatedNote. 

Measuring the guide pulse high-level width is started. 

RMER ≤ counter <2>: Long INTREND is generated at the Δ pointNote. 

Reception via circuit stops until RMSR is read. 

 

Note  In type C reception mode, before the first INTDFULL interrupt is generated, INTRERR and INTREND will 

not be generated.  However, RMSR and RMSCR will be cleared. 
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27.6  Connection of Pins on Board 
 

To write the flash memory on-board, connectors that connect the dedicated flash memory programmer must be 

provided on the target system.  First provide a function that selects the normal operation mode or flash memory 

programming mode on the board. 

When the flash memory programming mode is set, all the pins not used for programming the flash memory are in 

the same status as immediately after reset.  Therefore, if the external device does not recognize the state immediately 

after reset, the pins must be handled as described below. 

 

27.6.1  FLMD0 pin  

In the normal operation mode, 0 V is input to the FLMD0 pin.  In the flash memory programming mode, the VDD 

write voltage is supplied to the FLMD0 pin.  An FLMD0 pin connection example is shown below. 

 

Figure 27-8.  FLMD0 Pin Connection Example 

 
78K0/LE3

FLMD0

10 kΩ (recommended)

Dedicated flash memory programmer 
connection pin

 
 

27.6.2  Serial interface pins 

The pins used by each serial interface are listed below. 

 

Table 27-5.  Pins Used by Each Serial Interface 

Serial Interface Pins Used 

CSI10 SO10, SI10, SCK10 

UART6 TxD6, RxD6 

 

To connect the dedicated flash memory programmer to the pins of a serial interface that is connected to another 

device on the board, care must be exercised so that signals do not collide or that the other device does not 

malfunction. 
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Table 27-13. Processing Time and Interrupt Acknowledgment (2/4) 

(When Normal Model Library and Entry RAM Are Allocated Within Short Direct Addressing Range) 
Processing Time (Unit: μs) 

RSTOP = 0 and RSTS = 1 

(during stable operation of internal  

high-speed oscillator) 

RSTOP = 1 

(internal high-speed 

oscillator stopped)Note

Function 

MCS = 0 

(internal high-speed 

oscillation clock) 

MCS = 1 

(high-speed  

system clock) 

MCS = 1 

(high-speed  

system clock) 

Interrupt 

Acknowledgment 

Self programming start function 34/fCPU 34/fCPU 34/fCPU Disabled 

Self programming end function 34/fCPU 34/fCPU 34/fCPU Disabled 

Initialize function 55/fCPU+462 55/fCPU+462 55/fCPU+473 Disabled 

Block erase function 179/fCPU+352516 179/fCPU+352516 179/fCPU+352528 Enabled 

Word write function 333/fCPU+477+ 

2142×W 

333/fCPU+477+ 

2142×W 

333/fCPU+488+ 

2142×W 
Enabled 

Block verify function 179/fCPU+24918 179/fCPU+24918 179/fCPU+24930 Enabled 

Block blank check function 179/fCPU+12128 179/fCPU+12128 179/fCPU+12139 Enabled 

Option value: 03H 180/fCPU+388 180/fCPU+388 180/fCPU+399 Disabled 

Option value: 04H 190/fCPU+378 190/fCPU+378 190/fCPU+390 Disabled 

Get 

information  

function Option value: 05H 350/fCPU+363 350/fCPU+363 350/fCPU+375 Disabled 

Set information function 80/fCPU+752540 80/fCPU+752540 80/fCPU+753654 Enabled 

Mode check function 36/fCPU+274 36/fCPU+274 36/fCPU+286 Disabled 

EEPROM write function 333/fCPU+619+ 

2286×W 

333/fCPU+619+ 

2286×W 

333/fCPU+630+ 

2286×W 
Enabled 

 

Note This is the function processing time when the function is executed immediately after the self programming start 

function has been executed.  The processing time after a function other than the self programming start 

function has been executed is the same as that of RSTOP = 0. 

 

Remark RSTOP: Bit 0 of the internal oscillation mode register (RCM) 

 RSTS: Bit 7 of RCM 

 MCS: Bit 1 of main clock mode register (MCM) 

 fCPU: CPU clock frequency 

 W: Number of words to be written (1 word = 4 bytes) 
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Standard products

 10-bit successive approximation type A/D Converter Characteristics (μPD78F045x and 78F046x only) 

(TA = −40 to +85°C, 2.3 V ≤ AVREF ≤ VDD ≤ 5.5 V, VSS = AVSS = 0 V) 

Parameter Symbol Conditions MIN. TYP. MAX. Unit 

Resolution RES1    10 bit 

4.0 V ≤ AVREF ≤ 5.5 V   ±0.4 %FSR 

2.7 V ≤ AVREF < 4.0 V   ±0.6 %FSR 

Overall errorNotes 1, 2 AINL 

2.3 V ≤ AVREF < 2.7 V   ±1.2 %FSR 

4.0 V ≤ AVREF ≤ 5.5 V 6.1  36.7 μs 

2.7 V ≤ AVREF < 4.0 V 12.2  36.7 μs 

Conversion time tCONV 

2.3 V ≤ AVREF < 2.7 V 27  66.6 μs 

4.0 V ≤ AVREF ≤ 5.5 V   ±0.4 %FSR 

2.7 V ≤ AVREF < 4.0 V   ±0.6 %FSR 

Zero-scale errorNotes 1, 2 EZS 

2.3 V ≤ AVREF < 2.7 V   ±0.6 %FSR 

4.0 V ≤ AVREF ≤ 5.5 V   ±0.4 %FSR 

2.7 V ≤ AVREF < 4.0 V   ±0.6 %FSR 

Full-scale errorNotes 1, 2 EFS 

2.3 V ≤ AVREF < 2.7 V   ±0.6 %FSR 

4.0 V ≤ AVREF ≤ 5.5 V   ±2.5 LSB 

2.7 V ≤ AVREF < 4.0 V   ±4.5 LSB 

Integral non-linearity errorNote 1 ILE1 

2.3 V ≤ AVREF < 2.7 V   ±6.5 LSB 

4.0 V ≤ AVREF ≤ 5.5 V   ±1.5 LSB 

2.7 V ≤ AVREF < 4.0 V   ±2.0 LSB 

Differential non-linearity error Note 1 DLE1 

2.3 V ≤ AVREF < 2.7 V   ±2.0 LSB 

Analog input voltage VAIN1  AVSS  AVREF V 

 

Notes 1. Excludes quantization error (±1/2 LSB).  

 2. This value is indicated as a ratio (%FSR) to the full-scale value. 
 


