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Figure 2-6.  Pin Block Di agram for Pin Type 7-1-1 
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10.5  Input Voltage and Conversion Results 
 

The relationship between the analog input voltage input to the analog input pins (ANI0 to ANI3, ANI16 to ANI22) and 

the theoretical A/D conversion result (stored in the 10-bit A/D conversion result register (ADCR)) is shown by the following 

expression.  

 

 SAR = INT (             1024 + 0.5) 
 

 ADCR = SAR  64 

 

or 

 

 (             0.5)               VAIN < (            + 0.5)    

 

where, INT( ): Function which returns integer part of value in parentheses 

 VAIN: Analog input voltage 

 AVREF: AVREF pin voltage 

 ADCR: A/D conversion result register (ADCR) value 

 SAR: Successive approximation register 

 

Figure 10-16 shows the relationship between the analog input voltage and the A/D conversion result.  

 

Figure 10-16.  Relationship Between Analog I nput Voltage and A/D Conversion Result  
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Remark  AVREF: The + side reference voltage of the A/D converter.  This can be selected from AVREFP, the internal 

reference voltage (1.45 V), and VDD. 
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10.6.10  Hardware trigger wait mode (select mode, one-shot conversion mode) 

 

<1> In the stop status, the ADCE bit of A/D converter mode register 0 (ADM0) is set to 1, and the system enters the 

hardware trigger standby status. 

<2> If a hardware trigger is input while in the hardware trigger standby status, A/D conversion is performed on the 

analog input specified by the analog input channel specification register (ADS).  The ADCS bit of the ADM0 

register is automatically set to 1 according to the hardware trigger input. 

<3> When A/D conversion ends, the conversion result is stored in the A/D conversion result register (ADCR, ADCRH), 

and the A/D conversion end interrupt request signal (INTAD) is generated. 

<4> After A/D conversion ends, the ADCS bit is automatically cleared to 0, and the A/D converter enters the stop 

status. 

<5> If a hardware trigger is input during conversion operation, the current A/D conversion is interrupted, and 

conversion restarts.  The partially converted data is discarded. 

<6> When the value of the ADS register is rewritten or overwritten during conversion operation, the current A/D 

conversion is interrupted, and A/D conversion is performed on the analog input respecified by the ADS register.  

The partially converted data is discarded. 

<7> When ADCS is overwritten with 1 during conversion operation, the current A/D conversion is interrupted, and 

conversion restarts.  The partially converted data is initialized. 

<8> When ADCS is cleared to 0 during conversion operation, the current A/D conversion is interrupted, the system 

enters the hardware trigger standby status, and the A/D converter enters the stop status.  When ADCE = 0, 

inputting a hardware trigger is ignored and A/D conversion does not start. 

 

Figure 10-26.  Example of Hardware Trigger Wait Mode (Select Mode, One-Shot Conversion Mode) Operation 
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Figure 10-44.  Analog Input Pin Connection 
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(5) Analog input (ANIn) pins 

 

<1> The analog input pins (ANI0 to ANI3) are also used as input port pins (P20 to P23). 

 When A/D conversion is performed with any of the ANI0 to ANI3 pins selected, do not change output value to 

alternate port P20 to P23 while conversion is in progress; otherwise the conversion resolution may be degraded.   

<2> If a pin adjacent to a pin that is being A/D converted is used as a digital I/O port pin, the A/D conversion result 

might differ from the expected value due to a coupling noise. Be sure to prevent a pulse with sharp transitions 

such as a digital signal from being input or output during A/D conversion. 

 

(6) Input impedance of analog input (ANIn) pins  

This A/D converter charges a sampling capacitor for sampling during sampling time. 

Therefore, only a leakage current flows when sampling is not in progress, and a current that charges the capacitor 

flows during sampling.  Consequently, the input impedance fluctuates depending on whether sampling is in progress, 

and on the other states. 

To make sure that sampling is effective, however, we recommend using the converter with analog input sources that 

have output impedances no greater than 1 k. If a source has a higher output impedance, lengthen the sampling time 

or connect a capacitor (with a value of about 100 F) to the ANI0 to ANI3 and ANI16 to ANI22 pins (see Figure 10-

44). The voltage which is charged in the sampling capacitor become undefined when the ADCS bit is set to 0 or 

conversion is restarted during conversion operations. Accordingly, the state of conversion is undefined when charging 

starts in the next round of conversion after the ADCS bit is set to 0 or when conversion is repeated. Thus, to secure 

full charging regardless of the size of fluctuations in the analog signal, ensure that the output impedances of the 

sources of analog inputs are low or secure sufficient time for the completion of conversion.  
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Figure 11-36.  Procedure for Resuming Master Reception 
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Remark If PER0 is rewritten while stopping the master transmission and the clock supply is stopped, wait until the 

transmission target (slave) stops or transmission finishes, and then perform initialization instead of restarting 

the transmission. 
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(2) Operation procedure 

 

Figure 11-50.  Initial Setting Procedure for Slave Transmission 
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(1) Register setting 
 

Figure 11-84.  Example of Contents of Registers for UART Reception (UART0 to UART2)  (1/2) 
 

(a) Serial mode register mn (SMRmn) 

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

SMRmn CKSmn 

0/1 
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0 
 

0 
 

0 

 

0 
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0 

STSmn
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1 

 

0 

 

0 
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0 

MDmn1 

1 

MDmn0

0 

 

                                   

  

  

  

Operation clock (fMCK) of channel n 
0: Prescaler output clock CKm0 
    set by the SPSm register 
1: Prescaler output clock CKm1 
    set by the SPSm register 

 0: Normal reception
 1: Inverted reception

  

   

Operation mode of channel n
0: Transfer end interrupt

 

 

(b) Serial mode register mr (SMRmr) 

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

SMRmr CKSmr 

0/1 
CCSmr 

0 
 

0 
 

0 

 

0 

 

0 

 

0 

 

0 

 

0 

 

0 

 

1 

 

0 

 

0 

MDmr2 

0 

MDmr1 

1 

MDmr0

0/1
 

                                   

  

Same setting value as CKSmn bit 

           

Operation mode of channel r
0: Transfer end interrupt
1: Buffer empty interrupt

 

 

(c) Serial communication operation setting register mn (SCRmn) 

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

SCRmn TXEmn 

0 
RXEmn 

1 
DAPmn

0 
CKPmn 

0 
 

0 
EOCmn

0/1
PTCmn1

0/1
PTCmn0

0/1
DIRmn

0/1
 

0
SLCmn1

0 
SLCmn0

1
 

0 
 

1 

DLSmn1
Note 1 

0/1 

DLSmn0

0/1

 

 

          
                         

Masking of error interrupt INTSREx 
0: Masks INTSREx 
1: Enables generation of INTSREx                    

                      

                  

    

Setting of parity bit 

00B: No parity 
 

 

  

    01B: No parity judgment 
10B: Appending Even parity 
11B: Appending Odd parity 

 

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

Setting of data length

 

 

 

 (d) Serial data register mn (SDRmn) (lower 8 bits: RXDq) 

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

SDRmn  
Baud rate setting 

 

0Note 2

 
Receive data register 

 

 

 
 

Notes 1. Provided only in SCR01 register (UART0) only.  For SCR03 and SCR11 registers, this bit is fixed to 1. 

 2. When UART performs 9-bit communication, bits 0 to 8 of the SDR01 register are used as the 

transmission data specification area.  9-bit communication is available only in UART0. 
 
Caution For the UART reception, be sure to set the SMRmr register of channel r to UART transmission mode that is 

to be paired with channel n. 
 

Remarks 1. m: Unit number (m = 0, 1)   n: Channel number (n = 1, 3), mn = 01, 03, 11 

  r: Channel number (r = n - 1)   q: UART number (q = 0 to 2) 

 2.      : Setting is fixed in the UART master transmission mode,      : Setting disabled (set to the initial value)  

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

RXDq 
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Figure 11-89.  Flowchart of UART Reception 
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Figure 12-33.  Example of Slave to Master Communication  
(8-Clock Wait Is Selected for Master, 9-Clock Wait Is Selected for Slave) (2/3) 

 
(2)  Address ~ data ~ data 
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: Wait state by master device 

: Wait state by slave device 

: Wait state by master and slave devices 

 

Notes 1. For releasing wait state during reception of a master device, write “FFH” to IICA0 or set the WREL0 bit. 

 2. Write data to IICA0, not setting the WREL0 bit, in order to cancel a wait state during transmission by a 

slave device. 
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(7) Communication at different potential (1.8 V, 2.5 V, 3 V) (CSI mode) (slave mode, SCKp... external clock input) 
(TA = 40 to +105C, 2.4 V  VDD  5.5 V, VSS = 0 V) 

HS (high-speed main) 
Mode 

Parameter Symbol Conditions 

MIN. MAX. 

Unit

20 MHz < fMCK   24 MHz 24/fMCK  ns 

8 MHz < fMCK   20 MHz 20/fMCK  ns 

4 MHz < fMCK   8 MHz 16/fMCK  ns 

4.0 V  VDD  5.5 V, 

2.7 V  Vb  4.0 V 

fMCK   4 MHz 12/fMCK  ns 

20 MHz < fMCK   24 MHz 32/fMCK  ns 

16 MHz < fMCK   20 MHz 28/fMCK  ns 

8 MHz < fMCK   16 MHz 24/fMCK  ns 

4 MHz < fMCK   8 MHz 16/fMCK  ns 

2.7 V  VDD < 4.0 V, 

2.3 V  Vb  2.7 V 

fMCK   4 MHz 12/fMCK  ns 

20 MHz < fMCK   24 MHz 72/fMCK  ns 

16 MHz < fMCK   20 MHz 64/fMCK  ns 

8 MHz < fMCK   16 MHz 52/fMCK  ns 

4 MHz < fMCK   8 MHz 32/fMCK  ns 

SCKp cycle time Note 1 tKCY2 

2.4 V  VDD < 3.3 V, 

1.6 V  Vb  2.0 V 

fMCK   4 MHz 20/fMCK  ns 

4.0 V  VDD  5.5 V, 2.7 V  Vb  4.0 V tKCY2/2  24  ns 

2.7 V  VDD < 4.0 V, 2.3 V  Vb  2.7 V tKCY2/2  36  ns 

SCKp high-/low-level 
width 

tKH2, 
tKL2 

2.4 V  VDD < 3.3 V, 1.6 V  Vb  2.0 V tKCY2/2  100  ns 

4.0 V  VDD  5.5 V, 2.7 V  VDD  4.0 V 1/fMCK + 40  ns 

2.7 V  VDD < 4.0 V, 2.3 V  Vb  2.7 V 1/fMCK + 40  ns 

SIp setup time 
(to SCKp) Note 2 

tSIK2 

2.4 V  VDD < 3.3 V, 1.6 V  VDD  2.0 V 1/fMCK + 60  ns 

SIp hold time 
(from SCKp) Note 3 

tKSI2  1/fMCK + 62  ns 

4.0 V  VDD  5.5 V, 2.7 V  Vb  4.0 V, 

Cb = 30 pF, Rb = 1.4 k 

 2/fMCK + 
240 

ns 

2.7 V  VDD < 4.0 V, 2.3 V  Vb  2.7 V, 

Cb = 30 pF, Rb = 2.7 k 

 2/fMCK + 
428 

ns 

Delay time from SCKp to 
SOp output Note 4 

tKSO2 

2.4 V  VDD < 3.3 V, 1.6 V  Vb  2.0 V, 

Cb = 30 pF, Rb = 5.5 k 

 2/fMCK + 
1146 

ns 

Notes 1. Transfer rate in the SNOOZE mode: MAX. 1 Mbps 
 2. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.  The SIp setup time becomes “to 

SCKp” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0. 
 3. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.  The SIp hold time becomes “from 

SCKp” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0. 
 4. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.  The delay time to SOp output 

becomes “from SCKp” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0. 
 

Cautions 1. Select the TTL input buffer for the SIp and SCKp pins and the N-ch open drain output (VDD tolerance) 
mode for the SOp pin by using port input mode register 1 (PIM1) and port output mode register 1 
(POM1).  For VIH and VIL, see the DC characteristics with TTL input buffer selected. 

 2. CSI01 and CSI11 cannot communicate at different potential. 
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Table 27-5.  Operation List (6/17) 

Notes 1. Number of CPU clocks (fCLK) when the internal RAM area, SFR area, or extended SFR area is accessed, or 

when no data is accessed. 

 2. Number of CPU clocks (fCLK) when the code flash memory is accessed, or when the data flash memory is 

accessed by an 8-bit instruction.  

 3. Except rp = AX 

 4. Except r = A 

 

Remark Number of clock is when program exists in the internal ROM (flash memory) area. If fetching the instruction 

from the internal RAM area, the number becomes double number plus 3 clocks at a maximum. 

 

Clocks Flag Instruction 

Group 

Mnemonic Operands Bytes 

Note 1 Note 2

Clocks 

Z AC CY

BC, !addr16 3 1 4 BC  (addr16)  

BC, ES:!addr16 4 2 5 BC  (ES, addr16)  

DE, !addr16 3 1 4 DE  (addr16)  

DE, ES:!addr16 4 2 5 DE  (ES, addr16)  

HL, !addr16 3 1 4 HL  (addr16)  

HL, ES:!addr16 4 2 5 HL  (ES, addr16)  

BC, saddrp 2 1  BC  (saddrp)  

DE, saddrp 2 1  DE  (saddrp)  

MOVW 

HL, saddrp 2 1  HL  (saddrp)  

XCHW AX, rp Note 3 1 1  AX  rp  

AX 1 1  AX  0001H  ONEW 

BC 1 1  BC  0001H  

AX 1 1  AX  0000H  

16-bit 

data 

transfer 

CLRW 

BC 1 1  BC  0000H  

A, #byte 2 1  A, CY  A + byte × × ×

saddr, #byte 3 2  (saddr), CY  (saddr)+byte × × ×

A, r Note 4 2 1  A, CY  A + r × × ×

r, A 2 1  r, CY  r + A × × ×

A, !addr16 3 1 4 A, CY  A + (addr16) × × ×

A, ES:!addr16 4 2 5 A, CY  A + (ES, addr16) × × ×

A, saddr 2 1  A, CY  A + (saddr) × × ×

A, [HL] 1 1 4 A, CY  A+ (HL) × × ×

A, ES:[HL] 2 2 5 A,CY  A + (ES, HL) × × ×

A, [HL+byte] 2 1 4 A, CY  A +  (HL+byte) × × ×

A, ES:[HL+byte] 3 2 5 A,CY  A + ((ES, HL)+byte) × × ×

A, [HL+B] 2 1 4 A, CY  A + (HL+B) × × ×

A, ES:[HL+B] 3 2 5 A,CY  A+((ES, HL)+B) × × ×

A, [HL+C] 2 1 4 A, CY  A + (HL+C) × × ×

8-bit 

operation 

ADD 

A, ES:[HL+C] 3 2 5 A,CY  A + ((ES, HL) + C) × × ×
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CSI mode connection diagram (during communication at different potential) 

 

RL78

microcontroller

SOp

SCK

SI

User's deviceSIp SO

Vb

Rb

SCKp

<Slave>

 
 

Remarks 1. Rb []: Communication line (SOp) pull-up resistance, Cb [F]: Communication line (SOp) load capacitance,  

  Vb [V]: Communication line voltage 

 2. p: CSI number (p = 00, 20), m: Unit number (m = 0, 1), n: Channel number (n = 0) 

 3. fMCK: Serial array unit operation clock frequency  

  (Operation clock to be set by the serial clock select register m (SPSm) and the CKSmn bit of serial mode 

register mn (SMRmn). m: Unit number, n: Channel number (mn = 00, 10)) 

 

CSI mode serial transfer timing (slave mode) (during communication at different potential) 

(When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.) 

 
tKCY2

tKL2 tKH2

tSIK2 tKSI2

tKSO2

SIp

SOp

SCKp

Input data

Output data
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(4) During communication at same potential (simplified I2C mode) 

(TA = 40 to +105C, 2.4 V  VDD  5.5 V, VSS = 0 V) 
HS (high-speed main) Mode Parameter Symbol Conditions 

MIN. MAX. 

Unit 

SCLr clock frequency fSCL Cb = 100 pF, Rb = 3 k  100 Note 1 kHz 

Hold time when SCLr = “L” tLOW Cb = 100 pF, Rb = 3 k 4600  ns 

Hold time when SCLr = “H” tHIGH Cb = 100 pF, Rb = 3 k 4600  ns 

Data setup time (reception) tSU:DAT Cb = 100 pF, Rb = 3 k 1/fMCK + 580 Note 2  ns 

Data hold time (transmission) tHD:DAT Cb = 100 pF, Rb = 3 k 0 1420 ns 

 

Notes 1. The value must also be equal to or less than fMCK/4. 

 2. Set tSU:DAT so that it will not exceed the hold time when SCLr = "L" or SCLr = "H". 

 

Caution Select the N-ch open drain output (VDD tolerance) mode for SDAr by using port output mode register h 

(POMh). 

 
 

Simplified I2C mode connection diagram (during communication at same potential) 
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Simplified I2C mode serial transfer timing (during communication at same potential) 
 

 

SDAr

tLOW tHIGH

tHD:DAT

SCLr

tSU:DAT

1/fSCL

 
 

Remarks 1. Rb []:Communication line (SDAr) pull-up resistance 

  Cb [F]: Communication line (SCLr, SDAr) load capacitance 

 2. r: IIC number (r = 00, 01, 11, 20), h: = POM number (h = 0, 1, 4, 5)  

 3. fMCK: Serial array unit operation clock frequency  

 (Operation clock to be set by the serial clock select register m (SPSm) and the CKSmn bit of serial mode 

register mn (SMRmn). 

  m: Unit number (m = 0, 1), n: Channel number (0, 1, 3)) 


