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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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NOTES FOR CMOS DEVICES 

 
(1) VOLTAGE APPLICATION WAVEFORM AT INPUT PIN:  Waveform distortion due to input noise or a 

reflected wave may cause malfunction.  If the input of the CMOS device stays in the area between VIL 
(MAX) and VIH (MIN) due to noise, etc., the device may malfunction.  Take care to prevent chattering noise 
from entering the device when the input level is fixed, and also in the transition period when the input level 
passes through the area between VIL (MAX) and VIH (MIN).   

(2) HANDLING OF UNUSED INPUT PINS:  Unconnected CMOS device inputs can be cause of malfunction.  If 
an input pin is unconnected, it is possible that an internal input level may be generated due to noise, etc., 
causing malfunction.  CMOS devices behave differently than Bipolar or NMOS devices.  Input levels of 
CMOS devices must be fixed high or low by using pull-up or pull-down circuitry.  Each unused pin should be 
connected to VDD or GND via a resistor if there is a possibility that it will be an output pin.  All handling 
related to unused pins must be judged separately for each device and according to related specifications 
governing the device.   

(3) PRECAUTION AGAINST ESD:  A strong electric field, when exposed to a MOS device, can cause 
destruction of the gate oxide and ultimately degrade the device operation.  Steps must be taken to stop 
generation of static electricity as much as possible, and quickly dissipate it when it has occurred.  
Environmental control must be adequate.  When it is dry, a humidifier should be used.  It is recommended 
to avoid using insulators that easily build up static electricity.  Semiconductor devices must be stored and 
transported in an anti-static container, static shielding bag or conductive material.  All test and measurement 
tools including work benches and floors should be grounded.  The operator should be grounded using a wrist 
strap.  Semiconductor devices must not be touched with bare hands.  Similar precautions need to be taken 
for PW boards with mounted semiconductor devices.   

(4) STATUS BEFORE INITIALIZATION:  Power-on does not necessarily define the initial status of a MOS 
device.  Immediately after the power source is turned ON, devices with reset functions have not yet been 
initialized.  Hence, power-on does not guarantee output pin levels, I/O settings or contents of registers.  A 
device is not initialized until the reset signal is received.  A reset operation must be executed immediately 
after power-on for devices with reset functions.   

(5) POWER ON/OFF SEQUENCE:  In the case of a device that uses different power supplies for the internal 
operation and external interface, as a rule, switch on the external power supply after switching on the internal 
power supply.  When switching the power supply off, as a rule, switch off the external power supply and then 
the internal power supply.  Use of the reverse power on/off sequences may result in the application of an 
overvoltage to the internal elements of the device, causing malfunction and degradation of internal elements 
due to the passage of an abnormal current.  The correct power on/off sequence must be judged separately 
for each device and according to related specifications governing the device.   

(6) INPUT OF SIGNAL DURING POWER OFF STATE :  Do not input signals or an I/O pull-up power supply 
while the device is not powered.  The current injection that results from input of such a signal or I/O pull-up 
power supply may cause malfunction and the abnormal current that passes in the device at this time may 
cause degradation of internal elements.  Input of signals during the power off state must be judged 
separately for each device and according to related specifications governing the device. 
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1.5  Block Diagram 

 

1.5.1  80-pin products 

 

PORT 1

PORT 2 P20 to P234

PORT 3 P30 to P334

PORT 4

P10 to P178

P40 to P445

VOLTAGE
REGULATOR

REGC

INTERRUPT
CONTROL

RAM

POWER ON RESET/
VOLTAGE 
DETECTOR

POR/LVD
CONTROL

RESET CONTROL

SYSTEM
CONTROL

RESET
X1/P121
X2/EXCLK/P122HIGH-SPEED

ON-CHIP
OSCILLATOR

ON-CHIP DEBUG TOOL0/P40

SERIAL ARRAY
   UNIT0 (2ch)

UART0

UART1

IIC00

RxD0/P06(RxD0/P16)
TxD0/P07(TxD0/P17)

RxD1/P03(RxD1/P81)
TxD1/P04(TxD1/P82)

SCL00/P05(SCL00/P15)
SDA00/P06(SDA00/P16)

TIMER ARRAY
   UNIT (8ch)

ch2
TI02/TO02/P07

(TI02/TO02/P62)

ch3TI03/TO03/P06
(TI03/TO03/P127)

ch0

ch1

ch4
TI04/TO04/P05

(TI04/TO04/P126)

ch5
TI05/TO05/P04

(TI05/TO05/P125)

ch6
TI06/TO06/P03

(TI06/TO06/P31)

ch7

4

INTP0/P137(INTP0/P70)
RxD0/P06 (RxD0/P16)

10-BIT A/D
CONVERTER (4ch)

2 ANI2/P22, ANI3/P23 

ANI0/AVREFP/P20
ANI1/AVREFM/P21

IIC10
SCL10/P02(SCL10/P80)
SDA10/P03(SDA10/P81)

TI07/TO07/P02
(TI07/TO07/P30)

BCD 
ADJUSTMENT

SO00/P07(SO00/P17)
SI00/P06(SI00/P16) CSI00

VSS TOOLRxD/P06, 
TOOLTxD/P07

VDD

2

XT1/P123

XT2/EXCLKS/P124

PORT 0 P00 to P078

BUZZER OUTPUT PCLBUZ0/P43
(PCLBUZ0/P33), 
PCLBUZ1/P41
(PCLBUZ1/P32)

CLOCK OUTPUT
CONTROL

PORT 6

PORT 7 P70 to P778

P60 to P623

2

TI01/TO01/P41
(TI01/TO01/P61)

TI00/TO00/P43
(TI00/TO00/P60)

RxD0/P06
(RxD0/P16)

PORT 12
P121 to P1244

P125 to P1273

SERIAL ARRAY
   UNIT1 (1ch)

RxD2/IrRxD/P00
TxD2/IrTxD/P01

UART2

LINSEL
RL78
CPU

CORE CODE FLASH MEMORY

SCK00/P05(SCK00/P15)

CRC

WINDOW
WATCHDOG

TIMER

RTC1HZ/P130
REAL-TIME

CLOCK

LOW-SPEED
ON-CHIP

OSCILLATOR

12- BIT INTERVAL
TIMER

COMPARATOR
(2ch)

COMPARATOR0
VCOUT0/P00
IVCMP0/P22
IVREF0/P23

COMPARATOR1
VCOUT1/P01
IVCMP1/P23
IVREF1/P22

PORT 13
P130
P137

8- BIT INTERVAL 
TIMER 0 ch00

ch01

8- BIT INTERVAL 
TIMER 1 ch10

ch11

IrDA

AVRT

AREGC
AVCM

24-bit        A/D 
CONVERTER (3ch)

ANIN0
ANIP0

ADC0

ANIN1
ANIP1

ADC1

ANIN2
ANIP2

ADC2

AVDD

AVSS

VBAT

PORT 8 P80 to P834

INTP1/P125 (INTP1/P71)

INTP5/P02(INTP5/P75)

INTP3/P05(INTP3/P73),
INTP4/P04(INTP4/P74), 

INTP7/P42(INTP7/P77)
INTP6/P44(INTP6/P76),
 

INTP2/P07(INTP2/P72), 

LCD
CONTROLLER/

DRIVER COM0 to COM7

34 SEG0 to SEG27,
SEG32 to SEG37 

8
VL1 to VL4

CAPH
CAPL

RAM SPACE
FOR LCD DATA

MUL & DIV

SUB CLOCK 
FREQUENCY
MEASUREMENT

DATA TRANSFER
CONTROLLER

(DTC)

BATTERY BACKUP
FUNCTION

OSCILLATION STOP
DETECTOR

HIGH-SPEED ON-CHIP
OSCILLATOR CLOCK

FREQUENCY
CORRECTION

FUNCTION

SERIAL
INTERFACE IICA0SCLA0/P60

SDAA0/P61

 
 

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral I/O redirection 

register (PIOR).  See Figure 4-8  Format of Peripheral I/O Redirection Register (PIOR). 



 

RL78/I1B  CHAPTER  3   CPU  ARCHITECTURE 

R01UH0407EJ0210  Rev.2.10   46  
Apr 25, 2016 

3.1.2  Mirror area 

The RL78/I1B mirrors the code flash area of 00000H to 0FFFFH, to F0000H to FFFFFH.  The products with 128 KB 

flash memory mirror the code flash area of 00000H to 0FFFFH or 10000H to 1FFFFH, to F0000H to FFFFFH (the code 

flash area to be mirrored is set by the processor mode control register (PMC)). 

By reading data from F0000H to FFFFFH, an instruction that does not have the ES register as an operand can be used, 

and thus the contents of the code flash can be read with the shorter code.  However, the code flash area is not mirrored to 

the SFR, extended SFR, RAM, and use prohibited areas. 

See 3.1  Memory Space for the mirror area of each product. 

The mirror area can only be read and no instruction can be fetched from this area. 

The following show examples. 

 

Example  R5F10MMG, R5F10MPG (Flash memory: 128 KB, RAM: 8 KB) 

 

Code flash memory

Code flash memory

Code flash memory
0 1 0 0 0 H
0 0 F F F H

0 0 0 0 0 H

0DF00H
0DEFFH

2 0 0 0 0 H
1FFFFH

Mirror

F 0 0 0 0 H
EFFFFH

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

F 1 0 0 0 H
F0FFFH

FDF00H
FDEFFH

FFEE0H
FFEDFH

F F F 0 0 H
FFEFFH

FFFFFH

Special-function register (SFR)
256 bytes

General-purpose register
32 bytes

RAM
8 KB

Mirror
(same data as 01000H to 0DEFFH)

Special-function register (2nd SFR)
2 KB

Reserved

Reserved

                 
 

The PMC register is described below. 

For example, 0D589H is mirrored to 

FD589H.  Data can therefore be read 

by MOV A, !D589H, instead of MOV 

ES, #00H and MOV A, ES:!D589H. 
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Table 3-5.  SFR List (3/5) 

Address Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range After Reset 

1-bit 8-bit 16-bit 

FFF90H 12-bit interval timer control register ITMC R/W    0FFFH 

FFF91H 

FFF92H Second count register SEC R/W    Undefined 

FFF93H Minute count register MIN R/W    Undefined 

FFF94H Hour count register HOUR R/W    Undefined 

FFF95H Week count register WEEK R/W    Undefined 

FFF96H Day count register DAY R/W    Undefined 

FFF97H Month count register MONTH R/W    Undefined 

FFF98H Year count register YEAR R/W    Undefined 

FFF9AH Alarm minute register ALARMWM R/W    Undefined 

FFF9BH Alarm hour register ALARMWH R/W    Undefined 

FFF9CH Alarm week register ALARMWW R/W    Undefined 

FFF9DH Real-time clock control register 0 RTCC0 R/W    00HNote 1 

FFF9EH Real-time clock control register 1 RTCC1 R/W    00HNote 1 

FFFA0H Clock operation mode control register CMC R/W    00HNote 1 

FFFA1H Clock operation status control register CSC R/W    C0HNote 1 

FFFA2H Oscillation stabilization time counter status register OSTC R    00H 

FFFA3H Oscillation stabilization time select register OSTS R/W    07H 

FFFA4H System clock control register CKC R/W    00H 

FFFA5H Clock output select register 0 CKS0 R/W    00H 

FFFA6H Clock output select register 1 CKS1 R/W    00H 

FFFA8H Reset control flag register RESF R    UndefinedNote 2

FFFA9H Voltage detection register LVIM R/W    00HNote 2 

FFFAAH Voltage detection level register LVIS R/W    00H/01H/81HNote 2

FFFABH Watchdog timer enable register WDTE R/W    1AH/9AHNote 3

FFFACH CRC input register CRCIN R/W    00H 

Notes 1. This register is reset only by a power-on reset. 

 2. The reset values of the registers vary depending on the reset source as shown below. 
 

             Reset Source 

 
 
Register 

RESET Input Reset by POR Reset by 
Execution of 

Illegal 
Instruction 

Reset by 
WDT 

Reset by RAM 
Parity Error

Reset by 
Illegal-Memory 

Access 

Reset by LVD

RESF TRAP Cleared (0) Set (1) Held Held 

WDTRF Held Set (1) Held 

RPERF Held Set (1) Held 

IAWRF Held Set (1) 

LVIRF Held Set (1) 

LVIM LVISEN Cleared (0) Held 

LVIOMSK Held 

LVIF 

LVIS Cleared (00H/01H/81H) Clear 
(00H/81H)Note 4

 3. The reset value of the WDTE register is determined by the setting of the option byte. 

 4. When option byte LVIMDS1, LVIMDS0 = 0, 1: LVD reset is not generated. 
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Table 3-6.  Extended SFR (2nd SFR) List (8/8) 

Address Special Function Register (SFR) Name Symbol R/W Manipulable Bit Range After Reset 

1-bit 8-bit 16-bit 

F040BH LCD display data memory 11 SEG11 R/W    00H 

F040CH LCD display data memory 12 SEG12 R/W    00H 

F040DH LCD display data memory 13 SEG13 R/W    00H 

F040EH LCD display data memory 14 SEG14 R/W    00H 

F040FH LCD display data memory 15 SEG15 R/W    00H 

F0410H LCD display data memory 16 SEG16 R/W    00H 

F0411H LCD display data memory 17 SEG17 R/W    00H 

F0412H LCD display data memory 18 SEG18 R/W    00H 

F0413H LCD display data memory 19 SEG19 R/W    00H 

F0414H LCD display data memory 20 SEG20 R/W    00H 

F0415H LCD display data memory 21 SEG21 R/W    00H 

F0416H LCD display data memory 22 SEG22 R/W    00H 

F0417H LCD display data memory 23 SEG23 R/W    00H 

F0418H LCD display data memory 24 SEG24 R/W    00H 

F0419H LCD display data memory 25 SEG25 R/W    00H 

F041AH LCD display data memory 26 SEG26 R/W    00H 

F041BH LCD display data memory 27 SEG27 R/W    00H 

F041CH LCD display data memory 28 SEG28 R/W    00H 

F041DH LCD display data memory 29 SEG29 R/W    00H 

F041EH LCD display data memory 30 SEG30 R/W    00H 

F041FH LCD display data memory 31 SEG31 R/W    00H 

F0420H LCD display data memory 32 SEG32 R/W    00H 

F0421H LCD display data memory 33 SEG33 R/W    00H 

F0422H LCD display data memory 34 SEG34 R/W    00H 

F0423H LCD display data memory 35 SEG35 R/W    00H 

F0424H LCD display data memory 36 SEG36 R/W    00H 

F0425H LCD display data memory 37 SEG37 R/W    00H 

F0426H LCD display data memory 38 SEG38 R/W    00H 

F0427H LCD display data memory 39 SEG39 R/W    00H 

F0428H LCD display data memory 40 SEG40 R/W    00H 

F0429H LCD display data memory 41 SEG41 R/W    00H 

F0540H 8-bit interval timer count register 00 TRT00 TRT0 R    00H 

F0541H 8-bit interval timer count register 01 TRT01 R   00H 

F0548H 8-bit interval timer count register 10 TRT10 TRT1 R    00H 

F0549H 8-bit interval timer count register 11 TRT11 R   00H 

 

Remark   For SFRs in the SFR area, see Table 3-5  SFR List. 
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11.3.6  8-bit interval timer division register n (TRTMDn) (n = 0 or 1) 

This register is used to select the division ratio of the count source used by the 8-bit interval timer. 

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

Reset signal generation sets this register to 00H. 

 

Figure 11-7.  Format of 8-bit Interval Timer Division Register n (TRTMDn) 

 

Address: F0353H (TRTMD0), F035BH (TRTMD1)     After reset: 00H     R/WNote 4  

Symbol 7 6 5 4 3 2 1 0 

TRTMDn 0  TCKn1  0  TCKn0  

 
 TCKn1  Selection of division ratio for 8-bit interval timer 1Notes 1, 2, 3 

Bit 6 Bit 5 Bit 4  

0 0 0 fSUB 
0 0 1 fSUB/2 
0 1 0 fSUB/4 
0 1 1 fSUB/8 
1 0 0 fSUB/16 
1 0 1 fSUB/32 
1 1 0 fSUB/64 
1 1 1 fSUB/128 

In 8-bit interval timer mode, TRTn1 counts based on the count clock specified by TCKn1.  

In 16-bit interval timer mode, set these bits to 000B because they are not used.  See 11.4  Operation for details. 
 

 TCKn0  Selection of division ratio for 8-bit interval timer 0Notes 1, 2, 3 

Bit 2 Bit 1 Bit 0  

0 0 0 fSUB 
0 0 1 fSUB/2 
0 1 0 fSUB/4 
0 1 1 fSUB/8 
1 0 0 fSUB/16 
1 0 1 fSUB/32 
1 1 0 fSUB/64 
1 1 1 fSUB/128 

In 8-bit interval timer mode, TRTn0 counts based on the count clock specified by TCKn0.  

In 16-bit interval timer mode, TRTn counts based on the count clock specified by TCKn0.   

See 11.4  Operation for details. 
 

Notes 1. Do not switch the count source during counting.  When switching the count source, set these bits while the 

TSTARTni bit in the TRTCRn register is 0 (counting is stopped).  

 2. Set TCKni (i = 0, 1) of the unused channel to 000B. 

 3. Be sure to set the TCKni (i = 0, 1) bit before setting the TRTCMPni register.  

4. Bits 7 and 3 are read-only.  When writing, write 0. When reading, 0 is read. 
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 When 16-bit resolution is set (DSADTYP in the DSADMR register = 1) 

 

 DSADCRnH DSADCRnM DSADCRnL 

Bit b23 b16 b15 b8 b7 b0

 ∆Σ A/D conversion result n [23:16] ∆Σ A/D conversion result n [23:16] ∆Σ A/D conversion result n [15:8] 

 

Bit Symbol Conversion result of channel n 

b7 to b0 DSADCRnL [7:0] Conversion result bits 15 to 8 of channel n 

b15 to b8 DSADCRnM [7:0] Conversion result bits 23 to 16 of channel n 

b23 to b16 DSADCRnH [7:0] Conversion result bits 23 to 16 of channel n 

Caution Be sure to read the ∆Σ A/D converter conversion result register within its maximum pending 

time after the ∆Σ A/D conversion end interrupt is generated. 
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18.3.5  Serial data register mn (SDRmn) 

The SDRmn register is the transmit/receive data register (16 bits) of channel n.  Bits 8 to 0 (lower 9 bits) of SDR00, 

SDR01, SDR10 and SDR11 or bits 7 to 0 (lower 8 bits) of SDR02 and SDR03 function as a transmit/receive buffer register, 

and bits 15 to 9 (higher 7 bits) are used as a register that sets the division ratio of the operation clock (fMCK). 

If the CCSmn bit of serial mode register mn (SMRmn) is cleared to 0, the clock set by dividing the operating clock by 

bits 15 to 9 (higher 7 bits) of the SDRmn register is used as the transfer clock. 

If the CCSmn bit of serial mode register mn (SMRmn) is set to 1, set bits 15 to 9 (upper 7 bits) of SDR00 to 0000000B. 

The input clock fSCK (slave transfer in CSI mode) from the SCKp pin is used as the transfer clock. 

The lower 8/9 bits of the SDRmn register function as a transmit/receive buffer register.  During reception, the parallel 

data converted by the shift register is stored in the lower 8/9 bits, and during transmission, the data to be transmitted to the 

shift register is set to the lower 8/9 bits. 

The SDRmn register can be read or written in 16-bit units. 

However, the higher 7 bits can be written or read only when the operation is stopped (SEmn = 0).  During operation 

(SEmn = 1), a value is written only to the lower 8/9 bits of the SDRmn register.  When the SDRmn register is read during 

operation, the higher 7 bits are always read as 0. 

Reset signal generation clears the SDRmn register to 0000H. 

 

Figure 18-9.  Format of Serial Data Register mn (SDRmn) 

 

Address: FFF10H, FFF11H (SDR00), FFF12H, FFF13H (SDR01)                 After reset: 0000H     R/W 

 

 

 

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

SDRmn        0         

 

Address: FFF44H, FFF45H (SDR02), FFF46H, FFF47H (SDR03)                After reset: 0000H     R/W 

 FFF48H, FFF49H (SDR10), FFF4AH, FFF4BH (SDR11) 

 

 

 

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

SDRmn        0         

 

 SDRmn[15:9] Transfer clock setting by dividing the operating clock (fMCK) 

 0 0 0 0 0 0 0 fMCK/2 

 0 0 0 0 0 0 1 fMCK/4 

 0 0 0 0 0 1 0 fMCK/6 

 0 0 0 0 0 1 1 fMCK/8 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 1 1 1 1 1 1 0 fMCK/254 

 1 1 1 1 1 1 1 fMCK/256 

 

(Cautions and Remarks are listed on the next page.) 

FFF11H (SDR00) FFF10H (SDR00) 

FFF45H (SDR02) FFF44H (SDR02) 

<R> 
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Figure 18-112.  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 STmn bit of serial channel stop register m (STm) to stop operation and generating 

a stop condition. 

No 

Yes 

Stop condition generation

Yes 

No 

Address field transmission completed 

Yes 

No 

Data reception completed

 

Writing dummy data (FFH) to 

SIOr (SDRmn[7:0]) 

Reading SIOr (SDRmn[7:0]) 

Writing 1 to the STmn bit 

Writing 0 to the TXEmn bit, and 1 to the RXEmn bit

Writing 1 to the SSmn bit 

Last byte received?

Writing 0 to the SOEmn bit 

Data transfer completed?

Transfer end interrupt 
generated? 

Data reception completed

Stop operation for rewriting SCRmn 

register. 

Set to receive only the operating 

mode of the channel. 

Operation restart 

Disable output so that not the ACK 

response to the last received data. 

Starting reception operation 

Wait for the completion of reception. 

(Clear the interrupt request flag) 

Reading receive data, perform 

processing (stored in the RAM etc.). 
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(c)  Start ~ Code ~ Data ~ Data ~ Stop (extension code transmission) 

 

(i)  When WTIMn = 0 

 

 

ST AD6 to AD0 R/W ACK D7 to D0 D7 to D0ACK ACK SP

SPTn = 1
↓

  3   4   5  2  1  
 

1: IICSn = 1010×110B 

2: IICSn = 1010×000B 

3: IICSn = 1010×000B (Sets the WTIMn bit to 1)Note 

4: IICSn = 1010××00B (Sets the SPTn bit to 1) 

5: IICSn = 00000001B 

 

Note To generate a stop condition, set the WTIMn bit to 1 and change the timing for generating the INTIICAn 

interrupt request signal. 

 

Remark : Always generated 

 : Generated only when SPIEn = 1 

 ×:  Don’t care 

 

 

(ii)  When WTIMn = 1 

 

 

ST AD6 to AD0 R/W ACK D7 to D0 D7 to D0ACK ACK SP

SPTn = 1
↓

  3   4  2  1  
 

1: IICSn = 1010×110B 

2: IICSn = 1010×100B 

3: IICSn = 1010××00B (Sets the SPTn bit to 1) 

4: IICSn = 00001001B 

 

Remark : Always generated 

 : Generated only when SPIEn = 1 

 ×:  Don’t care 

 

 

Remark   n = 0 
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The meanings of <8> to <19> in (3) Data ~ data ~ stop condition in Figure 19-33 are explained below. 

 

<8> The master device sets a wait status (SCLAn = 0) at the falling edge of the 8th clock, and issues an 

interrupt (INTIICAn: end of transfer).  Because of ACKEn = 0 in the master device, the master device then 

sends an ACK by hardware to the slave device. 

<9> The master device reads the received data and releases the wait status (WRELn = 1). 

<10> The ACK is detected by the slave device (ACKDn = 1) at the rising edge of the 9th clock. 

<11> The slave device set a wait status (SCLAn = 0) at the falling edge of the 9th clock, and the slave device 

issue an interrupt (INTIICAn: end of transfer). 

<12> By the slave device writing the data to transmit to the IICA register, the wait status set by the slave device is 

released.  The slave device then starts transferring data to the master device. 

<13> The master device issues an interrupt (INTIICAn: end of transfer) at the falling edge of the 8th clock, and 

sets a wait status (SCLAn = 0).  Because ACK control (ACKEn = 1) is performed, the bus data line is at the 

low level (SDAAn = 0) at this stage. 

<14> The master device sets NACK as the response (ACKEn = 0) and changes the timing at which it sets the 

wait status to the 9th clock (WTIMn = 1). 

<15> If the master device releases the wait status (WRELn = 1), the slave device detects the NACK (ACK = 0) at 

the rising edge of the 9th clock. 

<16> The master device and slave device set a wait status (SCLAn = 0) at the falling edge of the 9th clock, and 

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

<17> When the master device issues a stop condition (SPTn = 1), the bus data line is cleared (SDAAn = 0) and 

the master device releases the wait status.  The master device then waits until the bus clock line is set 

(SCLAn = 1). 

<18> The slave device acknowledges the NACK, halts transmission, and releases the wait status (WRELn = 1) 

to end communication.  Once the slave device releases the wait status, the bus clock line is set (SCLAn = 

1). 

<19> Once the master device recognizes that the bus clock line is set (SCLAn = 1) and after the stop condition 

setup time has elapsed, the master device sets the bus data line (SDAAn = 1) and issues a stop condition 

(i.e. SCLAn =1 changes SDAAn from 0 to 1).  The slave device detects the generated stop condition and 

slave device issue an interrupt (INTIICAn: stop condition). 

 

Remarks 1. <1> to <19> in Figure 19-33 represent the entire procedure for communicating data using the I2C 

bus.   

  Figure 19-33 (1) Start condition ~ address ~ data shows the processing from <1> to <7>, Figure 19-

33 (2) Address ~ data ~ data shows the processing from <3> to <12>, and Figure 19-33 (3) Data ~ 

data ~ stop condition shows the processing from <8> to <19>. 

 2. n = 0 
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CHAPTER  21   LCD  CONTROLLER/DRIVER 

 

 

The number of LCD display function pins of the RL78/I1B differs depending on the product.  The following table shows 

the number of pins of each product.   

 

Table 21-1.  Number of LCD Display Function Pins of Each Product 

Item RL78/I1B 

80 pins (R5F10MMx (x = G, E)) 100 pins (R5F10MPx (x = G, E)) 

LCD controller/ 

driver 

Segment signal outputs: 34 (30)Note 

Common signal outputs: 8 

Segment signal outputs: 42 (38)Note 

Common signal outputs: 8 

Multiplexed I/O port bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0

Segment P0 SEG 

37 

SEG 

36

SEG 

35 

SEG 

34 

SEG

33

SEG

32

          

P1 SEG 

11 

SEG 

10

SEG 

9 

SEG 

8 

SEG

7 

SEG

6 

SEG

5 

SEG

4 

SEG

11

SEG

10

SEG

9 

SEG 

8 

SEG 

7 

SEG 

6 

SEG

5 

SEG

4 

P3     SEG

27

SEG

26

SEG

25

SEG

24

SEG

31

SEG

30

SEG

29

SEG 

28 

SEG 

27 

SEG 

26 

SEG

25

SEG

24

P5         SEG

39

SEG

38

SEG

37

SEG 

36 

SEG 

35 

SEG 

34 

SEG

33

SEG

32

P7 SEG 

23 

SEG 

22

SEG 

21 

SEG 

20 

SEG

19

SEG

18

SEG

17

SEG

16

SEG

23

SEG

22

SEG

21

SEG 

20 

SEG 

19 

SEG 

18 

SEG

17

SEG

16

P8     SEG

15

SEG

14

SEG

13

SEG

12

  SEG

41

SEG 

40 

SEG 

15 

SEG 

14 

SEG 

13

SEG 

12

Alternate relationship 

between COM signal 

output pins and I/O 

pots 

 

Alternate 

relationship 

between 

COM signal 

output pins 

and LCD 

display 

function pins 

COM4 SEG0 SEG0 

COM5 SEG1 SEG1 

COM6 SEG2 SEG2 

COM7 SEG3 SEG3 

Note ( ) indicates the number of signal output pins when 8 com is used.  
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Figure 21-43.  Eight-Time-Slice LCD Drive Waveform Examples Between SEG4 and Each Common Signals  

(1/4 Bias Method) (1/2) 

 

(a) Waveform A 

 

COM0

COM1

COM2

COM7

SEG4

COM0-SEG4

+VL4

+VL3

+VL2

+VL1

0
-VL1

-VL2

-VL3

-VL4

+VL4

+VL3

+VL2

+VL1

0
-VL1

-VL2

-VL3

-VL4

COM1-SEG4

VL4

VL3

VL2

VL1

VSS

VL4

VL3

VL2

VL1

VSS

VL4

VL3

VL2

VL1

VSS

VL4

VL3

VL2

VL1

VSS

VL4

VL3

VL2

VL1

VSS

...

Internal signal LCD clock

1 frame

COM0-SEG4
Lights Extinguishes

COM1-SEG4
Extinguishes
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Table 24-1.  Operating Statuses in HALT Mode (2/2) 

(Remark is listed on the next page.) 

HALT Mode Setting 

Item 

When HALT Instruction Is Executed While CPU Is Operating on Subsystem Clock 

When CPU Is Operating on XT1 Clock (fXT) When CPU Is Operating on External 
Subsystem Clock (fEXS) 

System clock Clock supply to the CPU is stopped 

 Main system clock fIH Operation disabled 

 fX 

 fEX 

 Subsystem clock fXT Operation continues (cannot be stopped) Cannot operate 

 fEXS Cannot operate Operation continues (cannot be stopped) 

 fIL Set by bits 0 (WDSTBYON) and 4 (WDTON) of option byte (000C0H), and WUTMMCK0 bit of 
subsystem clock supply mode control register (OSMC) (However, WUTMMCK0 cannot be set 
to 1 while the CPU is operating with subsystem clock) 
 WUTMMCK0 = 0 and WDTON = 0: Stops 
 WUTMMCK0 = 0, WDTON = 1, and WDSTBYON = 1: Oscillates 
 WUTMMCK0 = 0, WDTON = 1, and WDSTBYON = 0: Stops 

CPU Operation stopped 

Code flash memory 

RAM Operation stopped (Operable while in the DTC is executed) 

Port (latch) Status before HALT mode was set is retained 

Timer array unit Operable when the RTCLPC bit is 0 (operation is disabled when the RTCLPC bit is not 0). 

Real-time clock 2 Operable (Operation in high-accuracy 1 Hz output mode is disabled.) 

Subsystem clock frequency 
measurement circuit 

Operation disabled 

High-speed on-chip oscillator 
clock frequency correction 
function 

Oscillation stop detection 

Battery backup function Operable (when VBATEN = 1 and VBATSEL = 0) 

12-bit interval timer Operable 

8-bit interval timer 

Watchdog timer Operable (See CHAPTER 13  WATCHDOG TIMER) 

Clock output/buzzer output Operable 

A/D converter Operation disabled 

∆Σ A/D Converter 

Temperature sensor 2
Comparator Operable when external input (IVREFn) is selected for comparator reference voltage. 

Serial array unit (SAU) Operable when the RTCLPC bit is 0 (operation is disabled when the RTCLPC bit is not 0). 

IrDA Operation disabled 

Serial interface (IICA) Operation disabled 

LCD controller/driver Operable (However, this depends on the status of the clock selected as the LCD source clock: 
operation is possible if the selected clock is operating, but operation will stop if the selected 
clock is stopped.) 

Data transfer controller (DTC) Operable when the RTCLPC bit is 0 (operation is disabled when the RTCLPC bit is not 0). 

Power-on-reset function Operable 

Voltage detection function 

External interrupt 

CRC 
operation 
function 

High-speed CRC Operation disabled 

General-purpose 
CRC 

In the calculation of the RAM area, operable when DTC is executed  

RAM parity error detection 
function 

Operation stopped (Operable when DTC is executed only) 

RAM guard function 

SFR guard function 

Illegal-memory access detection 
function 

<R> 
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27.3.2  Voltage detection level register (LVIS) 

This register selects the voltage detection level. 

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

Reset signal generation input sets this register to 00H/01H/81HNote 1. 

 

Figure 27-3.  Format of Voltage Detection Level Select Register (LVIS) 

 

Address:  FFFAAH      After reset:  00H/01H/81HNote 1      R/W 

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

LVIS LVIMDNote 2 0 0 0 0 0 0 LVILVNote 2

 

 LVIMDNote 2 Operation mode of voltage detection 

 0 Interrupt mode 

 1 Reset mode 

 

 LVILVNote 2 LVD detection level 

 0 High-voltage detection level (VLVDH) 

 1 Low-voltage detection level (VLVDL or VLVDL) 

 

Notes 1. The reset value changes depending on the reset source and the setting of the option byte. 

  This register is not cleared (00H) by LVD reset. 

  The generation of reset signal other than an LVD reset sets as follows. 

   When option byte LVIMDS1, LVIMDS0 = 1, 0: 00H 

   When option byte LVIMDS1, LVIMDS0 = 1, 1: 81H 

   When option byte LVIMDS1, LVIMDS0 = 0, 1: 01H 

 2. Writing “0” can only be allowed in the interrupt & reset mode (option byte LVIMDS1, LVIMDS0 = 1, 0).  Do 

not set LVIMD and LVILV in other cases.  The value is switched automatically when reset or interrupt is 

generated in the interrupt & reset mode. 

 

Cautions 1. Rewrite the value of the LVIS register according to Figures 27-8 and 27-9. 

 2. Specify the LVD operation mode and detection voltage (VLVDH, VLVDL, VLVD) of each mode by 

using the option byte 000C1H.  Figure 27-4 shows the format of the user option byte 

(000C1H/010C1H).  For details about the option byte, see CHAPTER 32  OPTION BYTE. 
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Figure 27-5.  Timing of Voltage Detector Internal Reset Signal Generation  

(Option Byte LVIMDS1, LVIMDS0 = 1, 1) 

 

H

H

LVIMD flag

LVIF flag

VLVD

LVILV flag

Time

Lower limit of operation voltage

VPOR = 1.51 V (TYP.)

VPDR = 1.50 V (TYP.)

LVIRF flag
(RESF register)

LVD reset signal

POR reset signal

Internal reset signal

Not cleared

Not cleared

Cleared

Cleared

Cleared by
software

Internal power supply voltage
(internal VDD)

 
 

Remark VPOR:  POR power supply rise detection voltage 

 VPDR:  POR power supply fall detection voltage 
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30.3.1.1  Flash memory CRC control register (CRC0CTL) 

This register is used to control the operation of the high-speed CRC ALU, as well as to specify the operation range. 

The CRC0CTL register can be set by a 1-bit or 8-bit memory manipulation instruction. 

Reset signal generation clears this register to 00H. 
 

Figure 30-1.  Format of Flash Memory CRC Control Register (CRC0CTL) 
 

Address: F02F0H     After reset: 00H     R/W 

Symbol <7> 6 5 4 3 2 1 0 

CRC0CTL CRC0EN 0 0 0 0 FEA2Note FEA1 FEA0 

 

CRC0EN Control of CRC ALU operation 

0 Stop the operation. 

1 Start the operation according to HALT instruction execution. 

 

FEA2Note FEA1 FEA0 High-speed CRC operation range 

0 0 0 0000H to 3FFBH (16 K-4 bytes) 

0 0 1 0000H to 7FFBH (32 K-4 bytes) 

0 1 0 0000H to BFFBH (48 K-4 bytes) 

0 1 1 0000H to FFFBH (64 K-4 bytes) 

1 0 0 00000H to 13FFBH (80 K-4 bytes) 

1 0 1 00000H to 17FFBH (96 K-4 bytes) 

1 1 0 00000H to 1BFFBH (112 K-4 bytes) 

1 1 1 00000H to 1FFFBH (128 K-4 bytes) 

 

Note Be sure to set FEA2 bit to “0” on R5F10MME and R5F10MPE.  

 

Remark Input the expected CRC operation result value to be used for comparison in the lowest 4 bytes of the flash 

memory. Note that the operation range will thereby be reduced by 4 bytes. 
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37.4  AC Characteristics 
 

(TA = 40 to +85C, 1.9 V  VDD = EVDD  5.5 V, VSS = EVSS = 0 V) 

Items Symbol Conditions MIN. TYP. MAX. Unit 

Instruction cycle (minimum 

instruction execution time) 

TCY Main 

system 

clock (fMAIN) 

operation 

HS (high-speed 

main) mode 

2.7 V  VDD
Note 1  5.5 V 0.0417  1 μs 

2.4 V  VDD
Note 1 < 2.7 V 0.0625  1 μs 

LS (low-speed 

main) mode 

1.9 V  VDD
Note 1  5.5 V 0.125  1 μs 

Subsystem clock (fSUB) 

operation 

1.9 V  VDD
Note 1  5.5 V 28.5 30.5 31.3 μs 

In the self 

programming 

mode 

HS (high-speed 

main) mode 

2.7 V  VDD
Note 1  5.5 V 0.0417  1 μs 

2.4 V  VDD
Note 1 < 2.7 V 0.0625  1 μs 

LS (low-speed 

main) mode  

1.9 V  VDD
Note 1  5.5 V 0.125  1 μs 

External system clock 

frequency 

fEX 2.7 V  VDD
Note 1  5.5 V 1.0  20.0 MHz 

2.4 V  VDD
Note 1 < 2.7 V 1.0  16.0 MHz 

1.9 V  VDD
Note 1 < 2.4 V 1.0  8.0 MHz 

fEXS  32  35 kHz 

External system clock input 

high-level width, low-level 

width 

tEXH, tEXL 2.7 V  VDD
Note 1  5.5 V 24    ns 

2.4 V  VDD
Note 1 < 2.7 V 30    ns 

1.9 V  VDD
Note 1 < 2.4 V 60   ns 

tEXHS, tEXLS  13.7   μs 

TI00 to TI07 input high-level 

width, low-level width 

tTIH, 

tTIL 

 1/fMCK+10   nsNote 2

TO00 to TO07 output 

frequency 

fTO HS (high-speed main) 

mode 

4.0 V  EVDD  5.5 V   12 MHz 

2.7 V  EVDD < 4.0 V   8 MHz 

2.4 V  EVDD < 2.7 V   4 MHz 

LS (low-speed main) 

mode 

1.9 V  EVDD  5.5 V   4 MHz 

PCLBUZ0, PCLBUZ1 output 

frequency 

fPCL HS (high-speed main) 

mode 

4.0 V  EVDD  5.5 V   16 MHz 

2.7 V  EVDD < 4.0 V   8 MHz 

2.4 V  EVDD < 2.7 V   4 MHz 

LS (low-speed main) 

mode 

1.9 V  EVDD  5.5 V   4 MHz 

Interrupt input high-level 

width, low-level width 

tINTH, 

tINTL 

INTP0 1.9 V  VDD
Note 1  5.5 V 1   μs 

INTP1 to INTP7 1.9 V  EVDD  5.5 V 1   μs 

RESET low-level width tRSL  10   μs 

Notes 1. The power supply voltage (VBAT pin or VDD pin) selected by the battery backup feature. 

 2. The following conditions are required for low voltage interface: 

1.9 V  VDD < 2.7 V: MIN. 125 ns 

 

Remark fMCK: Timer array unit operation clock frequency 

 (Operation clock to be set by the CKSmn0, CKSmn1 bits of timer mode register mn (TMRmn)   

m: Unit number (m = 0), n: Channel number (n = 0 to 7)) 
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37.5.2  Serial interface IICA 

 

(1) I2C standard mode 

(TA = 40 to +85C, 1.9 V  VDD = EVDD  5.5 V, VSS = EVSS = 0 V) 

Parameter Symbol Conditions HS (high-speed 

main) Mode 

LS (low-speed main) 

Mode 

Unit

MIN. MAX. MIN. MAX.

SCLA0 clock frequency fSCL Standard mode:

fCLK  1 MHz 

2.7 V  EVDD  5.5 V 0 100 0 100 kHz

1.9 VNote 3  EVDD 

 5.5 V 
0 100 0 100 kHz

Setup time of restart condition tSU:STA 2.7 V  EVDD  5.5 V 4.7  4.7  μs

1.9 VNote 3  EVDD  5.5 V 4.7  4.7  μs

Hold timeNote 1 tHD:STA 2.7 V  EVDD  5.5 V 4.0  4.0  μs

1.9 VNote 3  EVDD  5.5 V 4.0  4.0  μs

Hold time when SCLA0 = “L” tLOW 2.7 V  EVDD  5.5 V 4.7  4.7  μs

1.9 VNote 3  EVDD  5.5 V 4.7  4.7  μs

Hold time when SCLA0 = “H” tHIGH 2.7 V  EVDD  5.5 V 4.0  4.0  μs

1.9 VNote 3  EVDD  5.5 V 4.0  4.0  μs

Data setup time (reception) tSU:DAT 2.7 V  EVDD  5.5 V 250  250  ns

1.9 VNote 3  EVDD  5.5 V 250  250  ns

Data hold time (transmission)Note 2 tHD:DAT 2.7 V  EVDD  5.5 V 0 3.45 0 3.45 μs

1.9 VNote 3  EVDD  5.5 V 0 3.45 0 3.45 μs

Setup time of stop condition tSU:STO 2.7 V  EVDD  5.5 V 4.0  4.0  μs

1.9 VNote 3  EVDD  5.5 V 4.0  4.0  μs

Bus-free time tBUF 2.7 V  EVDD  5.5 V 4.7  4.7  μs

1.9 VNote 3  EVDD  5.5 V 4.7  4.7  μs

Notes  1.  The first clock pulse is generated after this period when the start/restart condition is detected. 
2. The maximum value (MAX.) of tHD:DAT is during normal transfer and a wait state is inserted in the ACK 

(acknowledge) timing. 
3. When HS (high-speed main) mode, this value becomes 2.4 V. 

 
Remark The maximum value of Cb (communication line capacitance) and the value of Rb (communication line pull-up 

resistor) at that time in each mode are as follows. 
 
Standard mode: Cb = 400 pF, Rb = 2.7 kΩ 
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(3) 4 kHz sampling mode 

 

(TA = 40 to +85C, AVDD  VDD + 0.3 V, 2.4 V  AVDD  5.5 V, 2.4 V  VDD  5.5 V, VSS = AVSS = 0 V) 

Parameter Symbol Conditions MIN. TYP. MAX. Unit 

Operation clock fDSAD fX oscillation clock, input external clock or high-

speed on-chip oscillator clock is used 

 12  MHz 

Sampling frequency  fS   3906.25  Hz 

Oversampling frequency fOS   1.5  MHz 

Output data rate TDATA   256  μs 

Data width RES   24  bit 

SNDR SNDR x1 gain 

High-speed system clock is selected as 

operating clock of 24-bit ∆Σ A/D converter (bit 0 

of PCKC register (DSADCK) = 1) 

 80  dB 

x16 gain 

High-speed system clock is selected as operating 

clock of 24-bit ∆Σ A/D converter (bit 0 of PCKC 

register (DSADCK) = 1) 

69 74  

x32 gain 

High-speed system clock is selected as operating 

clock of 24-bit ∆Σ A/D converter (bit 0 of PCKC 

register (DSADCK) = 1) 

65 69  

Passband (low pass band) fChpf At 3 dB (phase in high pass filter not adjusted)

Bits 7 and 6 of DSADHPFCR register 

(DSADCOF1, DSADCOF0) = 00 

 0.607  Hz 

At 3 dB (phase in high pass filter not adjusted)

Bits 7 and 6 of DSADHPFCR register 

(DSADCOF1, DSADCOF0) = 01 

 1.214  Hz 

At 3 dB (phase in high pass filter not adjusted)

Bits 7 and 6 of DSADHPFCR register 

(DSADCOF1, DSADCOF0) = 10 

 2.429  Hz 

At 3 dB (phase in high pass filter not adjusted)

Bits 7 and 6 of DSADHPFCR register 

(DSADCOF1, DSADCOF0) = 11 

 4.857  Hz 

In-band ripple 1 rp1 45 Hz to 55 Hz     @50 Hz 

54 Hz to 66 Hz     @60 Hz 

0.01  0.01 dB 

In-band ripple 2 rp2 45 Hz to 275 Hz     @50 Hz 

54 Hz to 330 Hz     @60 Hz 

0.1  0.1 

In-band ripple 3 rp3 45 Hz to 1100 Hz     @50 Hz 

54 Hz to 1320 Hz     @60 Hz 

0.1  0.1 

Passband (high pass band) fClpf 3 dB  1672  Hz 

Stopband (high pass band) fatt 80 dB  2545  Hz 

Out-band attenuation ATT1 fS 80   dB 

ATT2 2 fS 80   dB 

 


