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RENESAS TECHNICAL UPDATE TN-RL*-A006A/E

1. 1.4 Pin Configuration (Top View)

1.4.3 30-pin products

Incorrect:

s 30-pin plastic SSOP (7.62 mm (300))

P20/ANIY/ AV CO=—r]
PO1/ANI6/TO00/RxD1 O=—=
POO/ANIT7/TIDO/TxD1  O=—"

P120/ANINS O=—]
P40/TOOLO O=—]
RESET O——
P137/INTPO O——
P122/X2/EXALK O—+
PI2U/X1 O—
RESC O—

Vs O—

Voo O—

FBO/SALAD O=—rf
FB1/SDAAD O=—]
P31/TI03/TOO3/INTP4/PCLBUZD  O—=—

O

NG U Wk =

LR EREL R

[——=0 P21/ANH/ AVee

[=——0C P22/ANI2

0O P23/ANI

O P147/ANI8

=——=0 P10/SCKD0/SCLO0™"/ (TI07/ TOO7)

~——O P11/Si00/ R0/ TOOLRxD/ SDAD0M"/ (TIDG/ TOO6)
O P12/S000/ TxDO/ TOOLTXD/(TI05/ TC05)

O P13/TxD2"5/ 5020 (SDAAD)/ (TI04/TO04)
[=——=C P14/RxD2"/SI20%=/SDA20"%"=/(SCLAO) /(TI03/TO03)
[=——=C P15/PCLBUZ1/SCK20/SCL20/(TI02/T002)
~——~C P16/TI01/TO01/INTP5/(RxD0)

=——0O P17/TI02/TO02/(TxDO)

=0 P51/INTP2/5011

[=—0O P50/INTP1/5111/SDA11

~———0O P30/INTP3/5CK11/5CL11

Note Provided in the R5F102 products.

Caution Connect the REGC pin to Vss via capacitor (0.47 to 1 uF).

Remarks 1. For pin identification, see 1.5 Pin Identification.

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

register (PIOR).

(c) 2013. Renesas Electronics Corporation. All rights reserved.

RENESAS

Date: Aug. 1, 2013

Correct:

¢ 30-pin plastic SSOP (7.62 mm (300))

O

P2O/ANID AV~ O=—+1 30 [=—=C P21/ AN/ AV
PO1/ANI6/TO00/RXD1 " *0=— 2 29 [~—=OP2/ANI2
POO/ANIT7/TID0/TxD1 N0t 3 28 =0 P23/ANI3
PI20/ANIT9  O=—rl4 27 [+=—=O P147/ANHB
P4O/TOOLD  O=—+5 26 [=—=0 P10/ SCKOO/ SCLOO™*/ (TIO7/TO07)
REEET O—{6 25 [~—=O P11/S00/RDO/ TOOLRXD/ SDADD </ (TI06/ TO06)
PI37/INTPO  O—={7 24 [~—=0 P12/S000/ TxD0/ TOOLTD/ (TI05/ TO05)
PI22/X2EXCLK  O—~{8 23 [=—=O P13/ TxD2"=/ 3020/ (SDAAD) Nt/ (TI04 / TO04)
P121/X1 &——=9 22 =—=0 p14/RxD2"*/S120""*/SDA20™"/(SCLAD) N°t¢/(TI03/TO03)
REGC CO—{10 21 [«—=0p15/PCLBUZ1/5CK20N°/5¢1.20 N (T102/T002)
VA Sm— 20 [~—=CP16/TI01/TO01/INTPS/(RXDO)
Voo O—12 19 |=—=O P17/ TI02/ TODZ/(TxDO)
FB0/SOLAD  O=—e{13 18 [=—=C p51/INTP2/5011N0t
PB1/SDAAD  O=—= 14 17 =—=0 pso/NTP1/5111%0t 5DATT N
P31/T03/TOO¥ INTR4/PQLBUZD  O=~—+|15 16 [=—=0 p30/INTP3/SCK11 N0t 51 17 Note

Note Provided only in R5F102 products
Caution Connect the REGC pin to Vss via capacitor (0.47 to 1 uF).
Remarks 1. Far pin identification, see 1.5 Pin Identification

2. Functions in parentheses in the above figure can be assigned via settings in the peripheral /O redirection
register (PIOR).
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RENESAS TECHNICAL UPDATE TN-RL*-A006A/E

2. Internal data memory space / Control registers /
General-purpose registers

Incorrect:

Cautions 1. It is prohibited to use the general-purpose register space (FFEEOH to FFEFFH)
for fetching instructions or as a stack area.
2. When self-programming is performed or the data flash memory is rewritten, the
stack used for each library and the RAM address used for the data buffer and
DMA transfer should not be set to the RAM area of the following products. For
details, refer to RL.78 Family sh_L.ibrary Type04 User’'s Manual.

R5F10266 : FFE20H-FFEA1HO FFEEOH-FFEFFH

(The stack used for the data flash library should be set to FFEA2H to
FFEDFH and the RAM address used for the data buffer and DMA
transfer should be set to FFEOOH to EFE19H.)

R5F102mn, R5F103mn :FFE20H-FEEA1H

Remark m: Pin count (m =6, 7, A), n. ROM capacitance (n =7, 8, 9, A)

3. Use of the RAM areas of the following products is prohibited, because these

areas are used for self-programming library and data flash library. (Refer to
figure 3-3 to figure 3-5, Memory Map)

R5F102m8, R5F103m8: FFCOOH to FEC80H
R5F102m9, R5F103m9: FFBOOH-FEC80H
R5F102mA, R5F103mA: FF900H-EFC80H

Remarks m: Pin count (m = 6, 7)

(c) 2013. Renesas Electronics Corporation. All rights reserved.

RENESAS

Date: Aug. 1, 2013

Correct:

Cautions 1. It is prohibited to use the general-purpose register space (FFEEOH to FFEFFH)
for fetching instructions or as a stack area.
2. When self-programming is performed or the data flash memory is rewritten, the
stack used for each library and the RAM address used for the data buffer and
DMA transfer should not be set to the RAM area of the following products. For
details, refer to RL78 Family Data Flash Library Type04 User’s Manual.

R5F10266 : FFE20H to FFEA1THO FFEEOH to FFEFFH

(The stack used for the data flash library should be set to FFEA2H to
FFEDFH and the RAM address used for the data buffer and DMA
transfer should be set to FFEOOH to FFE1FH.)

R5F102mn, R5F103mn :FFE20H to FFEFFH

Remark m: Pin count (m =6, 7, A), n. ROM capacitance (n =7, 8, 9, A)

3. Use of the RAM areas of the following products is prohibited, because these
areas are used for self-programming library and data flash library. (Refer to
figure 3-3 to figure 3-5, Memory Map)

R5F102m8, R5F103m8: FFCOOH to FFC89H
R5F102m9, R5F103m9: FFBOOH to FFC89H
R5F102mA, R5F103mA: FF900H to FFC89H

Remark m: Pin count (m = 6, 7)
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RENESAS TECHNICAL UPDATE TN-RL*-A006A/E

3. 4.3 Registers Controlling Port Function
Figure 4-40. Format of Peripheral I/0 Redirection Register (PIOR)

Incorrect:

Figure 4-40. Format of Peripheral I/O Redirection Register (PIOR)

Address : FOO77H After reset : 00H R/W
Symbol 7 6 5 4 3 2 1

PIOR 0 0 0 0 PIOR2 PIOR1

PIORO

20-, 24-pin products

Setting value
Bit Function
0 1
plOR3Ne1 SCKO1 P42 pooNote 2
SI01 P125 poo™ete-2
S001 P41 po1Note2
SCLO1 P42 po2Nete2
SDAO1 P41 pQ1hete2
PIOR2 TI02 P41 P122
TI03 P42 P121
PIOR1 RxD0O P11 P61
TxDO P12 P60
PIORO INTP2 P13 P122
INTP3 P14 P121

Notes 1. RSF102 products
2. Provided only in 24-pin products

(c) 2013. Renesas Electronics Corporation. All rights reserved.

RENESAS

Correct:

Address : FOO77H

Symbol
PIOR

Date: Aug. 1, 2013

Figure 4-40. Format of Peripheral I/O Redirection Register (PIOR)

After reset : 00H R/W

7 6 5 4 3 2 1 0
0 0 0 0 PIOR3 PIOR2 PIOR1 PIORO
Notes 1, 2
20-, 24-pin products
Bit Function Setting value ]
pIOR3Netes 1.2 SCKO1 P42 P02
SI01 P125 P00
S001 P41 PO1
SCLO1 P42 P02
SDAO1 P41 PO1
PIOR2 Nete 3 TI02 P41 P122
TIO3 P42 P121
PIOR1 RxDO P11 P61
TxDO P12 P60
PIORO INTP2 P13 P122
INTP3 P14 P121

Notes 1. Provided only in R5F102 products.
2. Provided only in 24-pin products.

3. If the PIOR2 bit is set to “1” in 20-, 24-pin products, using output of

timer from the TO02 and TOO03 is prohibited.

Page 5 of 14




RENESAS TECHNICAL UPDATE TN-RL*-A006A/E

Figure 4-40. Format of Peripheral I/O Redirection Register (PIOR)

Address : FOO77H

After reset : 00H R/W

Symbol 7 6 5 3 2 1 0
PIOR 0 0 0 PIOR3 | PIOR2 | PIOR1 | PIORO
30-pin products
Bit Function Setting value
0
PIOR3 — (fixed) —
PIOR2 SCLAO P60 P14
SDAAO P61 P13
PIOR1 TxD2"" ! P13 -
RxD2"Vte ! P14 —
scL2oVte ! P15 —
spA2oNe ! P14 —
siooNote ! P14 —
sozoNete ! P13 —
sckzoNete! P15 —
TxDO P12 P17
RxDO P11 P16
SCLO0 P10 —
SDA0O P11 —
S100 P11 —
S000 P12 —
SCK00 P10 —
PIORO TI02/TO02 P17 P15
TI03/TO03 P31 P14
TI04/TO04N%t — P13
TI05/T005" - P12
TI06/TO06"%t — P11
Tlo7/TO07™?te! — P10
Notes 1. RSF102 products

2. Provided only in 24-pin products

(c) 2013. Renesas Electronics Corporation. All rights reserved.

RENESAS

Date: Aug. 1, 2013

Figure 4-40. Format of Peripheral I/O Redirection Register (PIOR)

Address : FOO77H

After reset : 00H R/W

Symbol 7 6 5 4 3 2 1 0
PIOR 0 0 0 0 PIOR3 PIOR2 PIOR1 PIORO
Notes 1, 2
30-pin products
Bit Function Setting value
0 1

PIOR3 — Fixed Setting prohibited

PIOR2 SCLAO P60 P14
SDAAO P61 P13

PIOR1 TxD2N* ! P13 —
Rxp2"e ! P14 -
scL2oNte ! P15 —
spA2oNte ! P14 -
sigoNe? P14 —
soz2oNe! P13 -
sckaoNte ! P15 -
TxDO P12 P17
RxDO P11 P16
scLooMe ! P10 -
spAooNte ! P11 —
SI00 P11 —
S000 P12 —
SCK00 P10 —

PIORO TI02/TO02 P17 P15
TI03/TO03 P31 P14
TI04/TO04 — P13
TIO5/TO05 — P12
TI0B/TO06 — P11
TI07/TO07 — P10

Notes 1. Provided only in R5F102 products.

2. Provided only in 24-pin products.
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RENESAS TECHNICAL UPDATE TN-RL*-A006A/E

4. 6.7.3 Operation as frequency divider

Incorrect:

6.7.3 Operation as frequency divider (channel 0 of unit 0 only)

The timer array unit can be used as a frequency divider that divides a clock input to the
TI00 pin and outputs the result from the TOOO pin.

The divided clock frequency output from TOO0O can be calculated by the following
expression.

. When rising edge/falling edge is selected:

Divided clock frequency = Input clock frequency/{(Set value of TDROO + 1) x 2}
. When both edges are selected:

Divided clock frequency = Input clock frequency/(Set value of TDROO + 1)

(omitted)

The period of the TOO00 output clock includes a sampling error of one period of the
operation clock.

Clock period of TO0O0 output = Ideal TOO0O output clock period + Operation clock period
(error)

The TDROO register can be rewritten at any time. The new value of the TDROO register

becomes valid during the next count period.
(omitted)

(c) 2013. Renesas Electronics Corporation. All rights reserved.

RENESAS

Date: Aug. 1, 2013

Correct:

6.7.3 Operation as frequency divider (channel 0 only in 30-pin products)

The timer array unit can be used as a frequency divider that divides a clock input to the
TI00 pin and outputs the result from the TOOQO0 pin.

The divided clock frequency output from TOOO can be calculated by the following
expression.

. When rising edge/falling edge is selected:

Divided clock frequency = Input clock frequency/{(Set value of TDROO + 1) x 2}
. When both edges are selected:

Divided clock frequency = Input clock frequency/(Set value of TDROO + 1)

(omitted)

The period of the TOOO output clock includes a sampling error of one period of the
operation clock.

Clock period of TO00 output = Ideal TO0O output clock period + Operation clock period
(error)

The TDROO register can be rewritten at any time. The new value of the TDROO register

becomes valid during the next count period.
(omitted)
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RENESAS TECHNICAL UPDATE TN-RL*-A006A/E

5. 11.6.3 SNOOZE mode function (only UARTO reception)

Incorrect:

SNOOZE mode makes UART operate reception by RxDO pin input detection while the STOP
mode. Normally UART stops communication in the STOP mode. But, using the SNOOZE
mode makes reception data unless the CPU operation.

Only UARTO can be set to the SNOOZE mode.

When using the SNOOZE mode function, set the SWCO bit of serial standby control register 0
(SSCO0) to 1 before switching to the STOP mode.

Cautions 1. The SNOOZE mode can only be specified when the high-speed on-chip oscillator

(c) 2013. Renesas Electronics Corporation. All rights reserved.

RENESAS

Date: Aug. 1, 2013

Correct:

SNOOZE mode makes UART operate reception by RxDO pin input detection while the STOP
mode. Normally UART stops communication in the STOP mode. But, using the SNOOZE
mode makes reception UART operate unless the CPU operation by detecting RxDO pin input.
Only following channels can be set to the SNOOZE mode.

When using UARTO in SNOOZE mode, execute the following settings before entering

STOP mode (Refer to Flowcharts of SNOOZE mode operation in Figure 11-93 and

Figure 11-95).

* In SNOOZE mode, UART reception baud rate must be set differently from normal
operation. Refer to Table 11-3 to set registers SPS0 and SDR01 [15:9].

» Set bits EOC01 and SSECO to enable or disable the error interrupt (INTSREOQ) when
a communication error occurs.

« Set the SWCO bit in the serial standby control register m (SSCO0) to 1 just before
entering STOP mode. After initialization, set the SS01 bit to 1 in the serial channel
start register 0 (SS0).

When the MCU detects the RxDO0 pin edge input (input the start bit) after entering STOP
mode, the UART reception is started.

Cautions: 1. The SNOOZE mode can only be specified when the high-speed on-chip

oscillator clock (fin) is selected for fcik.

2. The transfer rate in SNOOZE mode is 4800 bps only.

3. When the SWCO bit is 1, UARTO can be used only when the reception is
started in STOP mode. If UARTO is used with other SNOOZE function or
interrupts concurrently and the reception is started in state other than STOP
mode as described below, the UARTO cannot receive data correctly and may
cause a framing error or parity error.

¢ The case the UARTO reception is started from the moment the SWCO bit is
set to 1 before the MCU enters STOP mode

¢ The case the UARTO reception is started in SNOOZE mode

¢ The case the UARTO reception is started from the moment the MCU exits
STOP mode and enters normal mode using interrupts before the SWCO bit is
setto 0
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(c) 2013. Renesas Electronics Corporation. All rights reserved.

RENESAS

Date: Aug. 1, 2013

4. When the SSECO bit is 1, if a parity error, framing error, or overrun error
occurs, flags PEF01, FEF01, or OVF01 is not set, nor an error interrupt
(INTSREO) is generated. To set the SSECO0 bit to 1, clear flags PEF01, FEFO01,
and OVF01 before setting the SWCO bit to 1, and read bits 7 to 0 (RxDO0) in
the SDRO01 register.

Table 11-3 UART Reception Baud Rate Setting in SNOOZE Mode

High-speed on-chip UART reception baud rate in SNOOZE mode
oscillator
(fin) Baud rate: 4800 bps
Operating clock SDRO1 Maximum Minimum
(fmck) [15:9] acceptable value acceptable value

24 MHz  1.0% " fork 12° 79 1.60% -2.18%

16 MHz £ 1.0% ™" fouk 12* 105 2.27% -1.53%

12 MHz £ 1.0% ™" fouk 12* 79 1.60% -2.19%

8 MHz + 1.0% " fork 12° 105 2.27% -1.53%

6 MHz + 1.0% " fork 12° 79 1.60% -2.19%

4 MHz £ 1.0% ™" fork 127 105 2.27% -1.53%

3 MHz  1.0% " fork 127 79 1.60% -2.19%

2 MHz + 1.0% " fork 12 105 2.27% -1.54%

1 MHz % 1.0% ™ foik 105 2.27% -1.57%

Note: When the high-speed on-chip oscillator clock accuracy is at * 1.5% or * 2.0%,

the acceptable range is limited as follows:

e fin £ 1.5%: Subtract 0.5% from the maximum acceptable value of fih £ 1.0%,
and add 0.5% to the minimum acceptable value of fi * 1.0%.

e fin £ 2.0%: Subtract 1.0% from the maximum acceptable value of fih £ 1.0%,
and add 1.0% to the minimum acceptable value of fit * 1.0%.

Remarks: Maximum and minimum acceptable values in the above table are the baud

rate acceptable values in UART reception. Make sure to set the baud rate for
transmission within this range.
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RENESAS TECHNICAL UPDATE TN-RL*-A006A/E

6. 17.2.2 STOP mode

Incorrect:

Figure 17-5. STOP Mode Release by Interrupt Request Generation

(1) When high-speed system clock (X1 oscillation) is used as CPU clock
(omitted)

Notes 2. Time for STOP mode release
Supply of the clock is.stopped:. 18.96 . s to ‘whichever is longer.28.95 u. s
and the oscillation stabilization time.(set by OSTS)”
Wait
When vectored interrupt servicing is carried out: 10 to 11 clock
When vectored interrupt servicing is not carried out: 4 to 5 clock

(2) When high-speed system clock (external clock input) is used as CPU clock
(3) When high-speed on-chip oscillator clock is used as CPU clock
(omitted)

Notes 2. STOP mode release time
Supply.of the clock is stopped:19.08 to 32.99 y.s
Wait
When vectored interrupt servicing is carried out: 7 clock
When vectored interrupt servicing is not carried out: 1 clock

(c) 2013. Renesas Electronics Corporation. All rights reserved.

RENESAS

Date: Aug. 1, 2013

Correct:

Figure 17-5 STOP Mode Release by Interrupt Request Generation (1/2)

(1) When high-speed system clock (X1 oscillation) is used as CPU clock
(omitted)

Notes2. STOP mode release time

Supply of the clock is stopped: 18 uys to “whichever is longer 65 us or the

oscillation stabilization time (set by OSTS)”

Wait
* When vectored interrupt servicing is carried out: 10 to 11 clocks
* When vectored interrupt servicing is not carried out: 4 to 5 clocks

Remark: The time to stop clock supply varies depending on the temperature conditions
and STOP mode time.

(2) When high-speed system clock (external clock input) is used as CPU clock
(3) When high-speed on-chip oscillator clock is used as CPU clock
(omitted)
2. STOP mode release time
Supply of the clock is stopped: 18 to 65 us

Notes:

Wait
* When vectored interrupt servicing is carried out: 7 clocks
* When vectored interrupt servicing is not carried out: 1 clock

Remark: The time to stop clock supply varies depending on the temperature conditions
and STOP mode time.
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RENESAS TECHNICAL UPDATE TN-RL*-A006A/E Date: Aug. 1, 2013

7. 17.2.3 SNOOZE Mode
Correct:
Incorrect: The MCU transits from STOP mode to SNOOZE mode or from SNOOZE mode to normal
In SNOOZE mode rerease, wait status to be only following time. operation after time shown below elapses.
From STOP to SNOOZE Transit time from STOP mode to SNOOZE mode: 18 to 65 ps
HS (high-speed main) mode : 18.96 to 28.95 u s — . .
1.S.(low-speed.main). mode : 20,24 t0 28.95.1.s Remark: The transit time from STOP mode to SNOOZE mode varies depending on the
temperature conditions and STOP mode time.
From SNOOZE to normal operation — .
-__When vectored interrupt servicing is carried out; Transit time from SNOOZE mode to normal operation:
HS (high-speed main) mode : 6.79 to 12.4 u. s + 7 clock «  When vectored interrupt servicing is carried out:
LS (low-speed main) mode : 2.58 to 7.8 u s + 7 clock HS (High-speed main) mode : “6.65 to 9.44 us” + 7 clocks
WMMWW LS (Low-speed main) mode : “1.10 to 5.08 pus” + 7 clocks
HI” g”mu” lgl_];speeldﬂm_aln) )”mqld"ef”;z“ﬁs‘éal”tp“z“jﬁ"z‘g’““f”f”ll“ngl ek *  When vectored interrupt servicing is not carried out:
HS (High-speed main) mode : “6.65 to 9.44 us” + 1 clock
LS (Low-speed main) mode : “1.10 to 5.08 pus” + 1 clock
(c) 2013. Renesas Electronics Corporation. All rights reserved. Page 11 of 14
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RENESAS TECHNICAL UPDATE TN-RL*-A006A/E

8. Figure 23-3 Format of Option Byte (000C2H)

Old:
Figure 23-3 Format of Option Byte (000C2H)
Address: 000C2H

Date: Aug. 1, 2013

New:
Figure 23-3 Format of Option Byte (000C2H)
Address: 000C2H

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
CMODE1 | C5MODEO | 1 | o0 | FRQSEL3 | FRQSEL2 | FRaSEL1 | FRaseLo | || cmobeEr | cowmobeo | 1 | o | FRoSEL3 | FRQSEL2 | FRQSEL1 | FRQSELO
Setting of flash operation mode Setting of flash operation mode
CMODE1 CMODEO Operating Frequency | Operating Voltage CMODE1 CMODEO Operating Frequency | Operating Voltage
Range Range Range Range
1 0 LS (low speed main) mode 1to 8 MHz 1.8t05.5V 1 0 LS (Low-speed main) mode 1to 8 MHz 181055V
1to 16 MHz 24t055V 1to 16 MHz 24t055V
1 1 HS (high speed main) mode 1 1 HS (High-speed main) mode
1 to 24 MHz 27t055V 1 to 24 MHz 27t055V
Other than above Setting prohibited Other than above Setting prohibited

FRQSEL3 | FRQSEL2 | FRQSEL1 | FRQSELO Frequency of the high-speed on-chip FRQSEL3 | FRQSEL2 | FRQSEL1 | FRQSELO Frequency of the high-speed on-chip
oscillator oscillator

0 0 0 0 24 MHz 0 0 0 0 24 MHz

1 0 0 1 16 MHz 1 0 0 1 16 MHz

0 0 0 1 12 MHz 0 0 0 1 12 MHz
1 0 1 0 8 MHz 1 0 1 0 8 MHz
1 0 1 1 4 MHz 0 0 1 0 6 MHz
1 1 0 1 1 MHz 1 0 1 1 4 MHz
Other than above Setting prohibited 0 0 1 1 3 MHz
Caution: Be sure to set bit 5 to “1" and bit 4 to “0”". 1 1 0 0 2 MHz
1 1 0 1 1 MHz

Other than above Setting prohibited

(c) 2013. Renesas Electronics Corporation. All rights reserved.

RENESAS

Cautions 1. Be sure to set bit 5 to “1" and bit 4 to “0”

2. The ranges of operation frequency and operation voltage vary depending
on the flash operation mode. For details, see 28.4 or 29.4 AC Characteristics.
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RENESAS TECHNICAL UPDATE TN-RL*-A006A/E

9. 28.3.1

Incorrect:
Fixed typo in Note 3 in pages 775 and 776

Pin characteristics

10. 28.3.2

Incorrect:
Fixed typo in Notes and typical values of IDD2 and IDD3 in pages 779 to 783

Supply current characteristics

11. 28.4
Old:
Specifications of the external system clock frequency and external system clock input
high-level width, low-level width in page 784 extended

AC Characteristics

12. 28.5.1

Incorrect:
Fixed typo in 28.5.1 Serial array unit in pages 786 to 806

Serial array unit

13. 28.5.2

Incorrect:
Fixed typo in 28.5.2 Serial interface IICA in page 807

Serial Interface IICA

14. 28.6.1
Old:
Specifications of “28.6.1 A/D converter characteristics” in pages 808 to 810 extended

A/D converter characteristics

15. 28.6.2 Temperature  Sensor/Internal Reference Voltage
Characteristics
Incorrect:

Fixed typo in 28.6.2 Temperature Sensor/Internal Reference Voltage Characteristics in page
811

16. 28.6.3

Incorrect:
Fixed typo in 28.6.3 POR circuit characteristics in page 811

POR circuit characteristics

(c) 2013. Renesas Electronics Corporation. All rights reserved.

RENESAS

Date: Aug. 1, 2013

Correct:
Refer to pages 5 and 6 in Technical Update Exhibit “Chapter 28 ELECTRICAL
SPECIFICATIONS (A, D: Ta = —40 to + 85°C)” (MCYG-AB-13-0155).

Correct:
Refer to pages 9 to 14 in Technical Update Exhibit “Chapter 28 ELECTRICAL
SPECIFICATIONS (A, D: Ta=-40 to + 85°C)” (MCYG-AB-13-0155).

New:
Refer to page 15 in Technical Update Exhibit “Chapter 28 ELECTRICAL SPECIFICATIONS (A,
D: Ta =-40 to + 85°C)” (MCYG-AB-13-0155).

Correct:
Refer to pages 18 to 39 in Technical Update Exhibit “Chapter 28 ELECTRICAL
SPECIFICATIONS (A, D: Ta = —40 to + 85°C)” (MCYG-AB-13-0155).

Correct:
Refer to page 40 in Technical Update Exhibit “Chapter 28 ELECTRICAL SPECIFICATIONS (A,
D: Ta = —40 to + 85°C)” (MCYG-AB-13-0155).

New:
Refer to pages 41 to 44 in Technical Update Exhibit “Chapter 28 ELECTRICAL
SPECIFICATIONS (A, D: Ta=-40 to + 85°C)” (MCYG-AB-13-0155).

Correct:
Refer to page 45 in Technical Update Exhibit “Chapter 28 ELECTRICAL SPECIFICATIONS
(A, D: TA=-40 to + 85°C)” (MCYG-AB-13-0155).

Correct:
Refer to page 45 in Technical Update Exhibit “Chapter 28 ELECTRICAL SPECIFICATIONS
(A, D: Ta = -40 to + 85°C)” (MCYG-AB-13-0155).
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RENESAS TECHNICAL UPDATE TN-RL*-A006A/E

17. Power supply voltage rising slope characteristics
Old:
Specifications in Power supply voltage rising slope characteristics added

18. 28.7 Data Memory STOP Mode Low Supply Voltage Data

Retention Characteristics
Old:
Specifications in Data Memory STOP Mode Low Supply Voltage Data Retention
Characteristics in page 814 extended

19. Chapter 29 ELECTRICAL SPECIFICATIONS (G: TA = -40 to

+105°C) (TARGET VALUES)
Old:
Specifications in Chapter 29 ELECTRICAL SPECIFICATIONS (G: Ta = -40 to +105°C)
(TARGET VALUES) added

(c) 2013. Renesas Electronics Corporation. All rights reserved.

RENESAS

Date: Aug. 1, 2013

New:
Refer to page 47 in Technical Update Exhibit “Chapter 28 ELECTRICAL SPECIFICATIONS
(A, D: TA=—-40 to + 85°C)” (MCYG-AB-13-0155).

New:
Refer to page 48 in Technical Update Exhibit “Chapter 28 ELECTRICAL SPECIFICATIONS
(A, D: TA=—-40 to + 85°C)” (MCYG-AB-13-0155).

New:
Refer to pages 2 to 44 in Technical Update Exhibit “Chapter 29 ELECTRICAL
SPECIFICATIONS (G: Ta = -40 to +105°C) (TARGET VALUES)” (MCYG-AB-13-0156).
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RENESAS TECHNICAL UPDATE EXHIBIT

To our valued customers: MCYG-AB-13-0155-1

RL78/G12 July 24, 2013

Technical Update Exhibit '\H/Iiroshi Uchimura
Chapter 28 ELECTRICAL anager

1% Solution Business Unit
A %F:)ESLFI_%TJOO:;;C) 3" MCU Business Division

Brand Strategy Department
Renesas Electronics Corporation

(Rep. Takehiro Furukawa)
Thank you for your continued support for Renesas Electronics products.

Please be advised that the misstatements found in the following User's Manual have been
fixed.

The second and following pages in this document include “Chapter 28 ELECTRICAL
SPECIFICATIONS (A, D: Ta = =40 to +85°C)” which has been updated by the Correction for
incorrect description notice RL78/G12 Descriptions in the User's Manual: Hardware Rev.1.10
changed (TN-RL*-AQ06A/E).

1. Applicable products:
RL78/G12
R5F102xxA, R5F103xxA
R5F102xxD, R5F103xxD

2. Reference documents:
Correction for incorrect description notice RL78/G12 Descriptions in the User's Manual:
Hardware Rev.1.10 changed (TN-RL*-AO06A/E)
RL78/G12 User's Manual: Hardware Rev.1.10 (RO1UH0200EJ0110)




RL78/G12 CHAPTER 28 ELECTRICAL SPECIFICATIONS (A, D: Ta=-40 to +85°C)

CHAPTER 28 ELECTRICAL SPECIFICATIONS (A, D: Ta =-40to +85°C)

This chapter describes the electrical specifications for the products "A: Consumer applications (Ta = -40 to +85°C)" and
"D: Industrial applications (Ta = -40 to +85°C)".

Cautions 1. The RL78 microcontrollers have an on-chip debug function, which is provided for development and
evaluation. Do not use the on-chip debug function in products designated for mass production,
because the guaranteed number of rewritable times of the flash memory may be exceeded when this
function is used, and product reliability therefore cannot be guaranteed. Renesas Electronics is not
liable for problems occurring when the on-chip debug function is used.

2. The pins mounted depend on the product. Refer to 2.1 Port Function to 2.2.1 Functions Mounted

According to Product.

RRENESAS



RL78/G12 CHAPTER 28 ELECTRICAL SPECIFICATIONS (A, D: Ta=-40 to +85°C)

28.1 Absolute Maximum Ratings

(Ta = 25°C)

Parameter Symbols Conditions Ratings Unit
Supply Voltage Voo -0.5t0+6.5 \Y
REGC terminal input | Viresc REGC -0.3t0 +2.8 v

Notel
voltage"*"® and ~0.3 to Voo + 0.3
Note 2
Input Voltage Vi Other than P60, P61 -0.3 to Voo + 0.3"3 \Y
Vi2 P60, P61 (N-ch open drain) -0.3t0 6.5 \%
Output Voltage Vo —0.3 to Voo + 0.3"3 \Y
Analog input voltage | Vai 20-, 24-pin products: ANIO to ANI3, ANI16 to ANI22 —-0.3 to Voo + 0.3 \%
30-pin products: ANIO to ANI3, ANI16 to ANI19 and -0.3 to
AVREF(+)+0.3 e 34
Output current, high low1 Per pin Other than P20 to P23 -40 mA
Total of all pins All the terminals other than P20 to P23 -170 mA
20-, 24-pin products: P40 to P42 -70 mA
30-pin products: P00, P01, P40, P120
20-, 24-pin products: P00 to P03"°*®, -100 mA
P10 to P14
30-pin products: P10 to P17, P30, P31,
P50, P51, P147
loH2 Per pin P20 to P23 -0.5 mA
Total of all pins -2 mA
Output current, low loL1 Per pin Other than P20 to P23 40 mA
Total of all pins All the terminals other than P20 to P23 170 mA
20-, 24-pin products: P40 to P42 70 mA
30-pin products: P00, P01, P40, P120
20-, 24-pin products: P00 to P03 3, 100 mA
P10 to P14, P60, P61
30-pin products: P10 to P17, P30, P31,
P50, P51, P60, P61, P147
loL2 Per pin P20 to P23 1 mA
Total of all pins 5 mA
Operating ambient Ta —40 to +85 °C
temperature
Storage temperature | Tsyg —65 to +150 °C

Notes 1. 30-pin products only.
2. Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF). This value determines the absolute maximum
rating of the REGC pin. Do not use it with voltage applied.
3. Mustbe 6.5V or lower.
4. Do not exceed AVRer(+) + 0.3 V in case of A/D conversion target pin.
5. 24-pin products only.
Caution Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any
parameter. That is, the absolute maximum ratings are rated values at which the product is on the

verge of suffering physical damage, and therefore the product must be used under conditions that
ensure that the absolute maximum ratings are not exceeded.

Remarks 1. Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port
pins.
2. AVRrer(+) : + side reference voltage of the A/D converter.
3. Vss : Reference voltage

RRENESAS 3



RL78/G12 CHAPTER 28 ELECTRICAL SPECIFICATIONS (A, D: Ta=-40 to +85°C)

28.2 Oscillator Characteristics
28.2.1 X1 oscillator characteristics

(TA=-40t0 +85°C, 1.8V <Vpp<Vpb <55V, Vss=0V)

Parameter Resonator Conditions MIN. TYP. MAX. Unit
X1 clock oscillation Ceramic resonator / crystal | 2.7V <Vopb <55V 1.0 20.0 MHz
Note .
frequency (fx) oscillator 18V <Voo<27V 10 80

Note Indicates only permissible oscillator frequency ranges. Refer to AC Characteristics for instruction execution time.
Request evaluation by the manufacturer of the oscillator circuit mounted on a board to check the oscillator
characteristics.

Caution Since the CPU is started by the high-speed on-chip oscillator clock after a reset release, check the X1
clock oscillation stabilization time using the oscillation stabilization time counter status register (OSTC)
by the user. Determine the oscillation stabilization time of the OSTC register and the oscillation
stabilization time select register (OSTS) after sufficiently evaluating the oscillation stabilization time
with the resonator to be used.

Remark When using the X1 oscillator, refer to 5.4 System Clock Oscillator.

28.2.2 On-chip oscillator characteristics

(TA=-401to +85°C, 1.8V <Vbp<5.5V,Vss=0V)

Oscillators Parameters Conditions MIN. | TYP. | MAX. Unit
High-speed on-chip oscillator | fix 1 24 MHz
clock frequency Nt 2
High-speed on-chip oscillator R5F102 products Ta =-20 to +85°C -1.0 +1.0 %
clock frequency accuracy Ta = —40 to —20°C 15 +15 %

R5F103 products -5.0 +5.0 %
Low-speed on-chip oscillator | fiL 15 kHz

clock frequency

Low-speed on-chip oscillator -15 +15 %
clock frequency accuracy

Notes 1. High-speed on-chip oscillator frequency is selected by bits 0 to 3 of option byte (000C2H/010C2H) and bits
0 to 2 of HOCODIV register.
2. This only indicates the oscillator characteristics. Refer to AC Characteristics for instruction execution time.

RRENESAS 4



RL78/G12 CHAPTER 28 ELECTRICAL SPECIFICATIONS (A, D: Ta=-40 to +85°C)

28.3 DC Characteristics

28.3.1 Pin characteristics

(TA=-40t0 +85°C, 1.8V <Vbp<5.5V,Vss=0V) (1/4)
Parameter Symbol Conditions MIN. | TYP. | MAX. Unit
Output current, high"**®* | low 20-, 24-pin products: -10.0 mA
Per pin for POO to PO3""*®*, Note 2
P10 to P14, P40 to P42
30-pin products:
Per pin for P00, P01, P10 to P17, P30,
P31, P40, P50, P51, P120, P147
20-, 24-pin products: 40V<Vop<b55V -30.0 mA
Total of P40 to P42 27V <Voo<4.0V 6.0 mA
30-pin products: 18V <Vop <27V 45 | mA
Total of P00, P01, P40, P120
(When duty < 70% "°*¢3)
20-, 24-pin products: 40V<Vop<55V -80.0 mA
Total of POO to PO3"**, P10 to P14 27V <Vop <4.0V 180 | mA
30-pin products: 18V <Vop <27V 100 | mA
Total of P10 to P17, P30, P31,
P50, P51, P147
(When duty < 70% %)
Total of all pins -100 mA
(When duty < 70% "°*¢?)
loHz2 Per pin for P20 to P23 -0.1 mA
Total of all pins -0.4 mA

Notes 1. value of current at which the device operation is guaranteed even if the current flows from the Vop pin to an

output pin.

2. However, do not exceed the total current value.

3. The output current value under conditions where the duty factor < 70%.
If duty factor > 70%: The output current value can be calculated with the following expression (where n
represents the duty factor as a percentage).
e Total output current of pins = (lox x 0.7)/(n x 0.01)

<Example> Where n = 80% and lon = —10.0 mA
Total output current of pins = (-10.0 x 0.7)/(80 x 0.01) = -8.7 mA

However, the current that is allowed to flow into one pin does not vary depending on the duty factor. A
current higher than the absolute maximum rating must not flow into one pin.

4. 24-pin products only.

Caution P10 to P12, P41 for 20-pin products, P01, P10 to P12, P41 for 24-pin products, and P00, P10 to P15,
P17, P50 for 30-pin products do not output high level in N-ch open-drain mode.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port
pins.

RRENESAS 5



RL78/G12 CHAPTER 28 ELECTRICAL SPECIFICATIONS (A, D: Ta=-40 to +85°C)

(TA=-40to +85°C, 1.8V <Vbp<5.5V,Vss=0V) (2/14)
Parameter Symbol Conditions MIN. | TYP. | MAX. Unit
Output current, low"*®* | lo1 20-, 24-pin products: 20.0 mA
Per pin for P00 to PO3"*®*, Note 2

P10 to P14, P40 to P42

30-pin products:
Per pin for P00, P01, P10 to P17, P30,
P31, P40, P50, P51, P120, P147

Per pin for P60, P61 15.0 mA
Note 2
20-, 24-pin products: 40V<Vop<b55V 60.0 mA
Total of P40 to P42 27V <Voo<4.0V 9.0 mA
30-pin products: 18V <Von <27V 18 | mA
Total of P00, P01, P40, P120
(When duty < 70% "'®)
20-, 24-pin products: 40V<Vop<55V 80.0 mA
Note 4
Total of POO to P03 , 27V<Voo<4.0V 27.0 mA
P10 to P14, P60, P61
1.8V<Vop <27V 54 mA
30-pin products:
Total of P10 to P17, P30, P31, P50,
P51, P60, P61, P147
(When duty < 70% "“°*?)
Total of all pins (When duty < 70%"' 140 mA
%)
loL2 Per pin for P20 to P23 0.4 mA
Total of all pins 1.6 mA

Notes 1. Value of current at which the device operation is guaranteed even if the current flows from an output pin to

the Vss pin.

2. However, do not exceed the total current value.

3. The output current value under conditions where the duty factor < 70%.
If duty factor > 70%: The output current value can be calculated with the following expression (where n
represents the duty factor as a percentage).
o Total output current of pins = (loL x 0.7)/(n x 0.01)
<Example> Where n = 80% and loL = 10.0 mA

Total output current of pins = (10.0 x 0.7)/(80 x 0.01) = 8.7 mA

However, the current that is allowed to flow into one pin does not vary depending on the duty factor. A
current higher than the absolute maximum rating must not flow into one pin.

4. 24-pin products only.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port
pins.
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RL78/G12 CHAPTER 28 ELECTRICAL SPECIFICATIONS (A, D: Ta=-40 to +85°C)

(TA=-40to +85°C, 1.8V <Vbp < 5.5V, Vss = 0 V) (3/4)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input voltage, high Vin1 Normal input buffer 0.8Vop Vob \%
20-, 24-pin products: P00 to P03"°**? P10 to P14,
P40 to P42

30-pin products: P00, P01, P10 to P17, P30, P31,
P40, P50, P51, P120, P147

ViH2 TTL input buffer 40V<Vop<55V 2.2 Vob
20-, 24-pin products: P10, P11 3.3V <Vop<4.0V 2.0 Vob
30-pin products: P01, P10, 1.8V<Vop<3.3V 1.5 Voo
P11, P13 to P17

Vin3 Normal input buffer 0.7Vop Vop \Y
P20 to P23

ViHg P60, P61 0.7Vop 6.0

Vins P121, P122, P125""", P137, EXCLK, RESET 0.8Vop Vop

Input voltage, low Vit Normal input buffer 0 0.2Voo
20-, 24-pin products: P00 to PO3"***?, P10 to P14,
P40 to P42

30-pin products: P00, P01, P10 to P17, P30, P31,
P40, P50, P51, P120, P147

Vie2 TTL input buffer 40V<Vop<55V 0 0.8
20-, 24-pin products: P10, P11 3.3V <Vop<4.0V 0 0.5
30-pin products: P01, P10, 1.8V<Vop<3.3V 0 0.32 v
P11, P13 to P17
Vis P20 to P23 0 0.3Vop \Y
ViLa P60, P61 0 0.3Vop \Y
Vis P121, P122, P125""* P137, EXCLK, RESET 0 0.2Vop \%
Output voltage, high VoH1 20-, 24-pin products: 40V<Vop<55V, [ Voo-1.5 \Y
P00 to PO3"°**?, P10 to P14, | lon1 =—-10.0 mA
P40 to P42 40V<Voo<55V, | Voo0.7 Vv
30-pin products: lon1 = -3.0 mA
P00, P01, P10to P17, P30, | 5 7y cviop <55V, | Voo-0.6 v
P31, P40, P50, P51, P120, _
lon1 = -2.0 mA
P147
1.8V<Vop<55YV, Vop-0.5 \%
lo1 = -1.5 mA
Vorz P20 to P23 loHz = —100 zA Voo-0.5 \Y

Notes 1. 20, 24-pin products only.
2. 24-pin products only.

Caution The maximum value of Vi1 of pins P10 to P12, P41 for 20-pin products, P01, P10 to P12, P41 for 24-pin
products, and P00, P10 to P15, P17, P50 for 30-pin products is Voo even in N-ch open-drain mode.
High level is not output in the N-ch open-drain mode.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port
pins.
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RL78/G12

CHAPTER 28 ELECTRICAL SPECIFICATIONS (A, D: Ta=-40 to +85°C)

(TA=-40to +85°C, 1.8V <Vbp < 5.5V, Vss = 0 V) (4/4)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Output voltage, low Vor1 20-, 24-pin products: 40V<Vop<55YV, 1.3 \%
P00 to PO3"**®, P10 to P14, | lo1 = 20.0 mA
P40 to P42 40V<Vop<55V, 07 v
30-pin products: P00, P01, lo1 = 8.5 mA
P10 to P17, P30, P31, P40, 27V<Voo <55V, 06 v
P50, P51, P120, P147 loit = 3.0 MA
27V<Vop<55V, 0.4 \Y,
lott =1.5mA
1.8V<Vop<55V, 0.4 \
lot1 = 0.6 mA
Vo2 P20 to P23 loL2 = 400 A 0.4 \Y
Vous P60, P61 40V<Vop<55YV, 2.0
lot1 =15.0 mA
40V<Vop<55V, 0.4 \
lot1 = 5.0 mA
27V<Vop<55V, 0.4 \
lot1 = 3.0 mA
1.8V <Vop<55V, 0.4 \%
lo1 =2.0 mA
Input leakage current, ILiH1 Other than P121, [ Vi = Vop 1 LA
high P122
ILiH2 P121, P122 Vi = Voo | Input port or external 1 LA
(X1, X2/EXCLK) clock input
When resonator 10 LA
connected
Input leakage current, ([NR] Other than P121, [ Vi=Vss -1 LA
low P122
Iuiz P121, P122 Vi = Vss | Input port or external -1 LA
(X1, X2/EXCLK) clock input
When resonator -10 LA
connected
On-chip pull-up Ru 20-, 24-pin products: Vi = Vss, input port 10 20 100 kQ
resistance POO to PO3""*®, P10 to P14,

P40 to P42,
P125, RESET

30-pin products: P00, P01,
P10 to P17, P30, P31, P40,
P50, P51, P120, P147

Note 24-pin products only.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port

pins.
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (A, D: Ta=-40 to +85°C)

28.3.2 Supply current characteristics

(1) 20-, 24-pin products

(TA=-40t0 +85°C, 1.8V <Vop<5.5V,Vss=0V) (1/2)
Parameter | Symbol Conditions MIN. TYP. | MAX. Unit
Supply Iob+ Operating | HS(High-speed | fin= 24 MHZ""®* | Basic Vob = 5.0 V 1.5 mA
current™**®* mode main) mode"*** operation | /.~ 3¢y 15
Normal | Voo =5.0V 3.3 5.0 mA
operation | /o = 3.0 v 33 | 50
fin = 16 MHZ"** Voo = 5.0V 25 3.7 mA
Voo =3.0V 2.5 3.7
LS(Low-speed | fin =8 MHZ""** Vop=3.0V 1.2 1.8 mA
main) mode""** Voo =20V 12 | 18
HS(High-speed | fux = 20 MHZ""*?, Square wave input 2.8 4.4 mA
main) mode"** | Voo =50V Resonator connection 3.0 46
fux = 20 MHZ"*?, Square wave input 2.8 4.4 mA
Voo =30V Resonator connection 3.0 46
fux = 10 MHZ""*2, Square wave input 1.8 2.6 mA
Voo =50V Resonator connection 1.8 2.6
fux = 10 MHZ""*2, Square wave input 1.8 2.6 mA
Voo =30V Resonator connection 1.8 2.6
LS(Low-speed | fux =8 MHZ"*?, Square wave input 1.1 1.7 mA
main) mode"*** | Voo =30V Resonator connection 1.1 1.7
fux = 8 MHZ'**?, Square wave input 1.1 1.7 mA
Vin=20V Resonator connection 1.1 1.7
Notes 1. Total current flowing into Vop, including the input leakage current flowing when the level of the input pin is
fixed to Voo or Vss. The values below the MAX. column include the peripheral operation current. However,
not including the current flowing into the A/D converter, LVD circuit, I/O port, and on-chip pull-up/pull-down
resistors and the current flowing during data flash rewrite.
2. When high-speed on-chip oscillator clock is stopped.
3. When high-speed system clock is stopped
4. Relationship between operation voltage width, operation frequency of CPU and operation mode is as below.
HS(High speed main) mode: Vob =2.7 V1055V @1 MHz to 24 MHz
Vop=24Vto55V @1 MHzto 16 MHz
LS(Low speed main) mode: Vob=1.8Vt05.5V @1 MHzto 8 MHz
Remarks 1. fux: High-speed system clock frequency (X1 clock oscillation frequency or external main system clock

frequency)
2. fiH: high-speed on-chip oscillator clock frequency
3. Temperature condition of the TYP. value is Ta = 25°C.
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RL78/G12 CHAPTER 28 ELECTRICAL SPECIFICATIONS (A, D: Ta=-40 to +85°C)

(1) 20-, 24-pin products

(Ta = —40 to +85°C, 1.8 V < Voo < 5.5 V, Vss = 0 V) (2/2)
Parameter | Symbol Conditions MIN. TYP. MAX. Unit
Supply Ioo2""®? |HALT | HS(High-speed | fin = 24 MHZ""* Voo =5.0V 440 1210 | A
current°*®* mode gnain) mode"*'*® Voo = 3.0V 440 1210
fin = 16 MHZ""** Voo =5.0V 400 950 LA
Voo =3.0V 400 950
LS(Low-speed | fin = 8 MHZ""** Voo =3.0V 270 542 LA
main) mode"™** Voo = 2.0V 270 | 542
HS(High-speed | fux = 20 MHZ"*"*®, Square wave input 280 1000 | A
gnain) mode | Voo = 5.0V Resonator connection 450 1170
fux = 20 MHZ"®?, Square wave input 280 1000 LA
Voo =3.0V Resonator connection 450 1170
fux = 10 MHZ"®?, Square wave input 190 590 LA
Voo =5.0V Resonator connection 260 660
fux = 10 MHZ"**?, Square wave input 190 590 LA
Voo =3.0V Resonator connection 260 660
LS(Low-speed | fux = 8 MHZ""**?, Square wave input 110 360 LA
main) mode""| Voo = 3.0 V Resonator connection 150 416
fux = 8 MHZ"""®?, Square wave input 110 360 LA
Voo =20V Resonator connection 150 416
Iops"*®® |STOP | Ta=-40°C 0.19 0.50 LA
mode | 1, = +250C 024 | 050
Ta=+50°C 0.32 0.80
Ta=+70°C 0.48 1.20
Ta=+85°C 0.74 2.20

Notes 1. Total current flowing into Vop, including the input leakage current flowing when the level of the input pin is
fixed to Voo or Vss. The values below the MAX. column include the peripheral operation current. However,
not including the current flowing into the A/D converter, LVD circuit, I/O port, and on-chip pull-up/pull-down
resistors and the current flowing during data flash rewrite.

During HALT instruction execution by flash memory.

When high-speed on-chip oscillator clock is stopped.

When high-speed system clock is stopped.

Not including the current flowing into the 12-bit interval timer and watchdog timer.

o gk WD

Relationship between operation voltage width, operation frequency of CPU and operation mode is as below.
HS(High speed main) mode: Voo =2.7 Vto 5.5V @1 MHz to 24 MHz

Vop=24Vto55V @1 MHzto 16 MHz
LS(Low speed main) mode: Voo =1.8V 1055V @1 MHz to 8 MHz

Remarks 1. fux: High-speed system clock frequency (X1 clock oscillation frequency or external main system clock
frequency)
2. fin: high-speed on-chip oscillator clock frequency
3. Except STOP mode, temperature condition of the TYP. value is Ta = 25°C
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RL78/G12 CHAPTER 28 ELECTRICAL SPECIFICATIONS (A, D: Ta=-40 to +85°C)

(2) 30-pin products

(Ta = —40 to +85°C, 1.8 V < Vop < 5.5 V, Vss = 0 V) (1/2)
Parameter | Symbol Conditions MIN. TYP. | MAX. Unit
Supply I Operating | HS(High-speed | fin =24 MHZ""**  |Basic Voo =5.0V 15 mA
current°*®* mode main) mode"** operation | /.~ 3¢y 15
Normal | Voo =5.0V 3.7 5.5 mA
operation | v/ = 3.0'v 37 | 55
fi = 16 MHZ""°* Voo =5.0V 2.7 4.0 mA
Voo =3.0V 2.7 4.0
LS(Low-speed | fr =8 MHZ""** Vop = 3.0 V 1.2 1.8 mA
main) mode"*"* Voo =20V 12 | 18
HS(High-speed | fux = 20 MHZ""*?, Square wave input 3.0 4.6 mA
main) mode | Voo =5.0V Resonator connection 3.2 4.8
fux = 20 MHZ""*2, Square wave input 3.0 4.6 mA
Voo =30V Resonator connection 3.2 48
fux = 10 MHZ""*2, Square wave input 1.9 2.7 mA
Voo =50V Resonator connection 1.9 2.7
fux = 10 MHZ"*?, Square wave input 1.9 2.7 mA
Voo =30V Resonator connection 1.9 2.7
LS(Low-speed | fux =8 MHZ""**?, Square wave input 1.1 1.7 mA
main) mode***| Voo =3.0V Resonator connection 1.1 1.7
fux = 8 MHZ""2, Square wave input 11 1.7 mA
Voo =20V Resonator connection 1.1 1.7
Notes 1. Total current flowing into Vopb, including the input leakage current flowing when the level of the input pin is

fixed to Vop or Vss. The values below the MAX. column include the peripheral operation current. However,
not including the current flowing into the A/D converter, LVD circuit, /0 port, and on-chip pull-up/pull-down
resistors and the current flowing during data flash rewrite.

2. When high-speed on-chip oscillator clock is stopped.

3. When high-speed system clock is stopped

4. Relationship between operation voltage width, operation frequency of CPU and operation mode is as below.
HS(High speed main) mode: Voo =2.7 Vto 5.5V @1 MHz to 24 MHz

Vop=24Vto55V @1 MHzto 16 MHz

LS(Low speed main) mode: Voo =1.8V1t05.5V @1 MHzto 8 MHz

Remarks 1. fux: High-speed system clock frequency (X1 clock oscillation frequency or external main system clock
frequency)

2. fin: high-speed on-chip oscillator clock frequency

3. Temperature condition of the TYP. value is Ta = 25°C.

RRENESAS "



RL78/G12

CHAPTER 28 ELECTRICAL SPECIFICATIONS (A, D: Ta=-40 to +85°C)

(2) 30-pin products

(TA=-401t0 +85°C, 1.8V <Vop<5.5V,Vss=0V) (2/2)
Parameter | Symbol Conditions MIN. TYP. MAX. Unit
Supply Ibo2""®? |HALT | HS (High-speed | fin = 24 MHZ""** Voo =5.0V 440 1280 | A
current°*®* mode | main) mode"**® Voo = 3.0V 440 1280
fin = 16 MHZ"*** Voo =5.0V 400 1000 | A
Voo =3.0V 400 1000
LS (Low-speed | fin = 8 MHZ""** Vob=3.0V 260 530 LA
main) mode""** Voo =2.0V 260 | 530
HS (High-speed | fux = 20 MHZ""*®, Square wave input 280 1000 LA
main) mode"*** | Voo = 5.0V Resonator connection 450 1170
fux = 20 MHZ""**?, Square wave input 280 1000 LA
Voo =3.0V Resonator connection 450 1170
fux = 10 MHZV"?, Square wave input 190 600 LA
Voo =5.0V Resonator connection 260 670
fux = 10 MHZV" 2, Square wave input 190 600 LA
Voo =3.0V Resonator connection 260 670
LS (Low-speed | fux = 8 MHZ"""*?, Square wave input 95 330 LA
main) mode"*** | Voo = 3.0V Resonator connection 145 380
fux = 8 MHZ"""®3 Square wave input 95 330 LA
Voo =20V Resonator connection 145 380
Iops"**®® | STOP | Ta=-40°C 0.18 0.50 LA
mode | 1, = 425°C 023 | 050
Ta=+50°C 0.30 1.10
Ta=+70°C 0.46 1.90
Ta=+85°C 0.75 3.30
Notes 1. Total current flowing into Vopb, including the input leakage current flowing when the level of the input pin is
fixed to Vop or Vss. The values below the MAX. column include the peripheral operation current. However,
not including the current flowing into the A/D converter, LVD circuit, 1/0 port, and on-chip pull-up/pull-down
resistors and the current flowing during data flash rewrite.
2. During HALT instruction execution by flash memory.
3. When high-speed on-chip oscillator clock is stopped.
4.  When high-speed system clock is stopped.
5. Not including the current flowing into the 12-bit interval timer and watchdog timer.
6. Relationship between operation voltage width, operation frequency of CPU and operation mode is as below.
HS(High speed main) mode: Vopo =2.7 Vto 5.5V @1 MHz to 24 MHz
Vop=24Vto55V @1 MHzto 16 MHz
LS(Low speed main) mode: Vob=1.8Vt05.5V @1 MHz to 8 MHz
Remarks 1. fux: High-speed system clock frequency (X1 clock oscillation frequency or external main system clock

2. fin: high-speed on-chip oscillator clock frequency
3. Except STOP mode, temperature condition of the TYP. value is Ta = 25°C.

frequency)
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (A, D: Ta=-40 to +85°C)

(3) Peripheral functions (Common to all products)
(TA=-40to +85°C,1.8V<VbD<55V,Vss=0V)

Parameter

Symbol

Conditions

MIN.

TYP.

MAX.

Unit

Low-speed
onchip oscillator
operating
current

Note 1
IFIL

0.20

12-bit interval
timer operating
current

ITmka
Notes 1,2, 3

0.02

Watchdog timer
operating
current

Iwot
Notes 1, 2, 4

fii =15 kHz

0.22

A/D converter
operating
current

lanc
Notes 1, 5

When conversion

Normal mode, AVRrerp = Vop = 5.0 V

1.30

1.70

mA

at maximum
speed

Low voltage mode, AVrerr = Vob = 3.0 V

0.50

0.70

mA

A/D converter
reference
voltage operation
current

|ADREF
Note 1

75.0

Temperature
sensor
operating
current

Note 1
ITmps

75.0

LVD operating
current

ILvo
Notes 1, 6

0.08

Self-
programming
operating
current

IFsp
Notes 1, 8

2.00

12.20

mA

BGO operating
current

Isco
Notes 1,7

2.00

12.20

mA

SNOOZE
operating
current

Note 1
Isnoz

ADC operation

The mode is performed °

0.50

0.60

mA

The A/D conversion operations are
performed, Low voltage mode, AVrerp =
Voo =3.0V

1.20

1.44

mA

CSI/UART operation

0.70

0.84

mA

Notes 1. Current flowing to the Vob.
2. When high speed on-chip oscillator and high-speed system clock are stopped.
3. Current flowing only to the 12-bit interval timer (excluding the operating current of the low-speed on-chip

oscillator). The supply current of the RL78 microcontrollers is the sum of Iop1, Iop2 or Iopsz and Itvka and IFiL
when the 12-bit interval timer operates.

Current flowing only to the watchdog timer (including the operating current of the low-speed on-chip oscillator).
The supply current of the RL78 microcontrollers is the sum of Iop1, Ipp2 or Ibps and lwot when the watchdog
timer operates.

Current flowing only to the A/D converter. The supply current of the RL78 microcontrollers is the sum of lbb1 or
Iop2 and laoc when the A/D converter operates in an operation mode or the HALT mode.

Current flowing only to the LVD circuit. The supply current of the RL78 microcontrollers is the sum of lop1, Ipp2
or Iops and ILvo when the LVD circuit is in operation.

Current flowing only during data flash rewrite.

Current flowing only during self programming.

Refer to shift time to the SNOOZE mode, see 17.2.3 SNOOZE mode.
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RL78/G12 CHAPTER 28 ELECTRICAL SPECIFICATIONS (A, D: Ta=-40 to +85°C)

Remarks 1. fi:  Low-speed on-chip oscillator clock frequency
2. Temperature condition of the TYP. value is Ta = 25°C
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (A, D: Ta=-40 to +85°C)

28.4 AC Characteristics

(TA=-40t0 +85°C, 1.8V <Vbp<5.5V,Vss=0V)

ltems Symbol Conditions MIN. TYP. MAX. Unit
Instruction cycle (minimum | Tey Main system HS (High- 2.7V <Vopb<55V 0.04167 1 S
instruction execution time) clock (fvaIN) speed main) 24V <Vop<27V 0.0625 1 P
operation mode
LS (Low- 1.8V<Vop<55V 0.125 1 us
speed main)
mode
During self HS (High- 2.7V <Vop<55V 0.04167 1 S
programming | speed main) | 5 4y < v <27V | 0.0625 1 s
mode
LS (Low- 1.8V<Vop<55V 0.125 1 us
speed main)
mode
External main system clock | fex 2.7V <Vop<55V 1.0 20.0 MHz
frequency 24V <Vop<27V 1.0 160 | MHz
1.8V<Vop<24V 1.0 8.0 MHz
External main system clock | texn, texc | 2.7V <Vop<5.5V 24 ns
input high-level width, low- 24V <Vop< 2.7V 30 ns
level width —
1.8V <Vop<24V 60 ns
TIOO to TIO7 input high-level | trm, trc 1/ffuck + ns
width, low-level width 10
TOO0O to TOO7 output fro 40V<Vop<55V 12 MHz
frequency 2.7V <Voo<4.0V 8 MHz
1.8V<Vop<27V 4 MHz
PCLBUZ0, or PCLBUZA1 freL 40V<Vop<55V 16 MHz
output frequency 27V<Voo<4.0V 8 MHz
1.8V<Vop<27V 4 MHz
INTPO to INTP5 input high- | tintH, tnte 1 7S
level width, low-level width
KRO to KR9 input available tkRr 250 ns
width
RESET low-level width trsL 10 us

Remark  fmck: Timer array unit operation clock frequency

(Operation clock to be set by the CKSOn bit of timer mode register On (TMROnN), and the Timer clock select
register 0 (TPSO0). n: Channel number (n = 0 to 7))
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RL78/G12

CHAPTER 28 ELECTRICAL SPECIFICATIONS (A, D: Ta=-40 to +85°C)

Minimum Instruction Execution Time during Main System Clock Operation

Tcy vs Vobp (HS (high-speed main) mode)

10
_ 1.0 —
(2] T
= { —— When the high-speed on-chip oscillator clock is selected
E I === During self programming
o i —-—- When high-speed system clock is selected
£ i i
) | 1
2 i i
O ] |
I R
i I
0.1 d ]
: i
0.0625 feeeee-poo---- L !
Lo |
0.04167 po-ee-clooo - l— —_—
0.01 L 5
0 10 2030 40 50 ! 60
24 27 55
Supply voltage Voo [V]
Tcy vs Vob (LS (low-speed main) mode)
10
ﬁ 1.0 P s e il b
5 3 ;
: ; i —— When the high-speed on-chip oscillator clock is selected
é b ——— During self programming
o ! —.—. When high-speed system clock is selected
S ; g
O " b
! K
0125 |-~ foocscanugicicanugicissana ced
0.1 . :
0.01 .
0 10 20 30 40 5092960
1.8
Supply voltage Voo [V]
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RL78/G12 CHAPTER 28 ELECTRICAL SPECIFICATIONS (A, D: Ta=-40 to +85°C)

AC Timing Test Point

Vin/Von Vin/Von
Test point
Vi/Vou > estpoints < Vi/Vo

External main system clock timing

1/fex

-~ text ———= ~— {exH

EXCLK \

z

TITO timing

trie || tTH

TIOO to TIO7

)

)

Interrupt Request Input Timing

tINTH

tinTL

J

INTPO to INTP5

1/fro
TOO00 to TO07 J

Key Interrupt Input Timing

RESET input timing

trsL

tkr
KRO to KR9 l

RESET
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RL78/G12 CHAPTER 28 ELECTRICAL SPECIFICATIONS (A, D: Ta=-40 to +85°C)

28.5 Peripheral Functions Characteristics

AC Timing Test Point

Vin/Vor Vin/Von
Test point
>< Vi/Vor > estpoints < Vi/Vou

28.5.1 Serial array unit

(1) During communication at same potential (UART mode)
(TA=-40to +85°C, 1.8 V<V <55V, Vss=0V)

Parameter Symbol Conditions HS (high-speed LS (low-speed Unit
main) Mode main) Mode
MIN. MAX. MIN. MAX.
Transfer rate fmex/6 fvek/6 bps
noted Theoretical value of the 4.0 1.3 Mbps
maximum transfer rate
fork = fuek\®2

Notes 1. Transfer rate in the SNOOZE mode is 4800 bps only.
2. The maximum operating frequencies of the CPU/peripheral hardware clock (fcLk) are:
HS (high-speed main) mode: 24 MHz (2.7 V <Vpop < 5.5 V)
16 MHz (2.4 V <Vbp<5.5V)
LS (low-speed main) mode: 8 MHz (1.8 V <Vbp<5.5V)

Caution Select the normal input buffer for the RxDqg pin and the normal output mode for the TxDqg pin by
using port input mode register g (PIMg) and port output mode register g (POMQ)

UART mode connection diagram (during communication at same potential)

TxDq Rx

RL78

. User's device
microcontroller

RxDq Tx
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RL78/G12 CHAPTER 28 ELECTRICAL SPECIFICATIONS (A, D: Ta=-40 to +85°C)

UART mode bit width (during communication at same potential) (reference)

1/Transfer rate

High-/Low-bit width

Baud rate error tolerance

TxDq
RxDq

Remarks 1. q: UART number (q = 0 to 2), g: PIM, POM number (g = 0, 1)
2. fmek: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn), and the Serial clock
select register m (SPSm). m: Unit number, n: Channel number (mn = 00 to 03, 10, 11))
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RL78/G12 CHAPTER 28 ELECTRICAL SPECIFICATIONS (A, D: Ta=-40 to +85°C)

(2) During communication at same potential (CSI mode) (master mode, SCKO0O... internal clock output,
corresponding CSI00 only)
(TA=-40to +85°C, 2.7V <V <55V, Vss=0V)

Parameter Symbol Conditions HS (high-speed main) LS (low-speed main) Unit
Mode Mode
MIN. MAX. MIN. MAX.

SCKOO cycle time tkey tkey1 > 2/fok 83.3 250 ns
SCKOO high -/ tkH1, 40V<Vop<55V tkev1/2-7 tkey1/2-50 ns
low-level width tas 27V<Vop<55V tkev1/2-10 tkov1/2-50 ns
SI00 setup time tsik1 40V<Vop<55V 23 110 ns

Note 1
(to SCKOOT)"™* 2.7V<Voo <55V 33 110 ns
SI00 hold time tksit 10 10 ns
(to SCKOOT) Note2
Delay time from tksor C =20 pF ¢! 10 10 ns
SCKO00{ to SO00
OUtpUt Note 3

Notes 1. When DAPQOO = 0 and CKPOO = 0, or DAP0O0O = 1 and CKPOO = 1. The SI00 setup time becomes “to
SCK00{” when DAPOO = 0 and CKP0O = 1, or DAP0O = 1 and CKP0O = 0.
2. When DAPOO = 0 and CKP0O = 0, or DAP00O = 1 and CKP0OO = 1. The SI00 hold time becomes “from
SCKO00{” when DAP00 = 0 and CKPOO = 1, or DAP0OO = 1 and CKP0O = 0.
3. When DAPQOO = 0 and CKPOO = 0, or DAP00 = 1 and CKP0OO0 = 1. The delay time to SO00 output becomes
“from SCK00?T” when DAP00 = 0 and CKPOO = 1, or DAP0O = 1 and CKP0O = 0.
4. Cis the load capacitance of the SCK00 and SO00 output lines.

Caution Select the normal input buffer for the SIO0 pin and the normal output mode for the SO00 and SCKO00
pins by using port input mode register 1 (PIM1) and port output mode register 1 (POML1).

Remarks 1. This specification is valid only when CSI0Q’s peripheral I/O redirect function is not used.
2. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the CKS00 bit of serial mode register (SMR00), and the Serial clock select
register 0 (SPS0).
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RL78/G12

CHAPTER 28 ELECTRICAL SPECIFICATIONS (A, D: Ta=-40 to +85°C)

(3) During communication at same potential (CSI mode) (master mode, SCKp... internal clock output)
(TA=-40to +85°C, 1.8 V<V <55V, Vss=0V)

Parameter Symbol Conditions HS (high-speed LS (low-speed main) Unit
main) Mode Mode
MIN. MAX. MIN. MAX.

SCKop cycle time tkev1 tkeyr > 4ffek | 27V <Vob <55V 167 500 ns
24V <Vop<b5V 250 500 ns
1.8V <Vop<55V - 500 ns

SCKp high-/low-level width tkH1, 40V<Vop<55V tkey1/2-12 tkev1/2-50 ns

tiLt 27V<Vopb<55V tkey1/2-18 tkey1/2-50 ns
24V <Vop<55V tkcy1/2-38 tkev1/2-50 ns
1.8V<Vop<55V - tkev1/2-50 ns

Slp setup time (to SCKpT) tsik1 40V<Vop<55V 44 110 ns

e 27V <Voo<55V 44 110 ns

24V <Vop<55V 75 110 ns
1.8V<Vop<55V - 110 ns

Slp hold time tksi 19 19 ns

(from SCKpT) "2

Delay time from SCKp{ to tksot C =30 pF "ot 25 25 ns

SOp output "3

Notes 1. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp setup time becomes “to
SCKpl” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.
2. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp hold time becomes “from
SCKpl” 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 delay time to SOp output
becomes “from SCKpT” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.
4. C s the load capacitance of the SCKp and SOp output lines.
Caution Select the normal input buffer for the Slp pin and the normal output mode for the SOp and SCKp pins
by using port input mode register 1 (PIM1) and port output mode registers 0, 1, 4 (POMO, POM1,
POM4).
Remarks 1. p: CSl number (p = 00, 01, 11, 20), m: Unit number (m = 0, 1), n: Channel number (n =0, 1, 3: “1, 3" is

for the R5F102 products only.)

2. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn), and the Serial clock
select register m (SPSm). m: Unit number (m = 0, 1), n: Channel number (n =0, 1, 3; “1, 3" is for the
R5F 102 products only.)
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (A, D: Ta=-40 to +85°C)

(4) During communication at same potential (CSI mode) (slave mode, SCKp... external clock input)
(TA=-40to +85°C, 1.8 V<V <55V, Vss=0V)

Parameter Symbol Conditions HS (high-speed LS (low-speed main) Unit
main) Mode Mode
MIN. MAX. MIN. MAX.
SCKp cycle time "> | tkcvz 40V<Vop<55V | 20 MHz < fuck 8/fuck - ns
fmek < 20 MHz 6/fmck 6/fmck ns
27V<Vop<55V | 16 MHz < fuwck 8/fmek - ns
fvek < 16 MHz 6/fmek 6/fmck ns
24V <Vop<55V 6/fmck 6/fmck ns
and 500 and 500
1.8V<Vop<55V - 6/fmck ns
and 750
SCKp high-/low-level | txHz, 40V<Vopb<55V tkey2/2-7 tkeva/2-7 ns
width thi2 2.7V <Vop<55V tkev2/2-8 tcv2/2-8 ns
24V <Vop<55V tkev2/2-18 tkey2/2-18 ns
1.8V<Vop<55V - tkey2/2-18 ns
Slp setup time tsikz 27V<Vop<55V 1/fmck + 1/fmck + ns
(to SCKpT) Mot 20 30
24V <Vop<55V 1/fmek + 1/fmek + ns
30 30
1.8V<Vmm<55V - 1/fmck + ns
30
Slp hold time tsi2 1/fmck + 1/fmck + ns
(from SCKpT) Note? 31 31
Delay time from tkso2 C =30 pF " 27V<Vop<55V 2ffck + 2ffvck + ns
SCKp! to 44 110
SOp output ™ 24V<Voo <55V ek + Mux+ | ns
75 110
1.8V<Vop<55V - 2ffmex + ns
110
Notes 1. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp setup time becomes “to
SCKp{” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.
2. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp hold time becomes “from
SCKpY{” 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 delay time to SOp output
becomes “from SCKpT” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.
4. C s the load capacitance of the SOp output lines.
5. Transfer rate in the SNOOZE mode: MAX. 1 Mbps
Caution Select the normal input buffer for the Slp pin and the normal output mode for the SOp and SCKp pins

by using port input mode register 1 (PIM1) and port output mode registers 0, 1, 4 (POMO, POM1,
POM4).
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RL78/G12 CHAPTER 28 ELECTRICAL SPECIFICATIONS (A, D: Ta=-40 to +85°C)

CSI mode connection diagram (during communication at same potential)

SCK
RL78
microcontroller Slp
SOp

SCK

SO User's device

SI

CSI mode serial transfer timing (during communication at same potential)
(When DAPmn = 0 and CKPmn =0, or DAPmn =1 and CKPmn =1.)

tror1,2

1,2

tkH1,2

s\

-

tski1,2

tksi1,2

Sp

tkso1,2

Input data

]

S—

Output data ><

CSI mode serial transfer timing (during communication at same potential)
(When DAPmn =0 and CKPmn = 1, or DAPmn = 1 and CKPmn =0.)

tkert, 2

tH1,2

it 2

s 4/—{

tsk1,2

tksit,2

Sp Input data

tkso1,2

Output data ><

(Remarks are listed on the next page.)
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (A, D: Ta=-40 to +85°C)

Remarks 1. p: CSI number (p = 00, 01, 11, 20), m: Unit number (m = 0, 1), n: Channel number (n =0, 1, 3; “1, 3" is

for the R5F102 products only.)

2. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn), and the Serial clock
select register m (SPSm). m: Unit number (m = 0, 1), n: Channel number (n = 0, 1, 3; “1, 3" is for the
R5F 102 products only.)

(5) During communication at same potential (simplified °’C mode)
(TA=-40to +85°C, 1.8 V<V <5.5V, Vss=0V)
Parameter Symbol Conditions HS (high-speed main) Mode Unit
LS (low-speed main) Mode
MIN. MAX.
SCLr clock frequency fscL 1.8V <Vop<55V, 400 N kHz
Cb =100 pF, Ro = 3 kQ
1.8V <Vop<2.7V, 300 M kHz
Cb =100 pF, Ro = 5 kQ
Hold time when SCLr = “L” trow 1.8V <Vop<55YV, 1150 ns
Cb =100 pF, Ro = 3 kQ
1.8V <Vop<27V, 1550 ns
Cb =100 pF, Ro = 5 kQ
Hold time when SCLr = “H” tHIGH 1.8V <Vop<55V, 1150 ns
Cb =100 pF, Ro = 3 kQ
1.8V < V<27V, 1550 ns
Cb =100 pF, Ro = 5 kQ
Data setup time (reception) tsu:pAT 1.8V <Vop<55V, 1/fuck + 145 ns
Co = 100 pF, Ro = 3 kQ noe
1.8V <Vop<27V, 1/fmek + 230 ns
Cb =100 pF, Ro = 5 kQ hoe
Data hold time (transmission) tHD:DAT 1.8V <Vop<55V, 0 355 ns
Cb =100 pF, Ro = 3 kQ
1.8V <Vop<27V, 0 405 ns

Cb =100 pF, Ro = 5 kQ

Notes 1. The value must also be equal to or less than fuck/4.
2. Set the tsupat value to keep the hold time of SCLr = "L" and SCLr = "H".

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

h (POMh).

(Remarks are listed on the next page.)
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Simplified I°C mode connection diagram (during communication at same potential)

Vop

% Rb
SDAr SDA

RL78

. User's device
microcontroller

SCLr SCL

Simplified I°C mode serial transfer timing (during communication at same potential)

1/fscL

trow tHiGH

\ A
- TN T

tHD:DAT tsu:pAT

Remarks 1. Ro [Q]:Communication line (SDAr) pull-up resistance
Cb [F]: Communication line (SCLr, SDAr) load capacitance
2. r:1IC number (r = 00, 01, 11, 20), h: = POM number (h =0, 1, 4. 5)
3. fmek: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn), and the Serial clock
select register m (SPSm). m: Unit number (m = 0, 1), n: Channel number (0, 1, 3)
4. Simplified I°C mode is supported only by the R5F102 products.
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(6) Communication at different potential (1.8 V, 2.5V, 3 V) (UART mode)
(TA=-40to +85°C, 1.8 V<V <55V, Vss=0V)

Parameter | Symbol Conditions HS (high-speed LS (low-speed Unit
main) Mode main) Mode

MIN. MAX. MIN. MAX.

Transfer Reception 40V<Vp<55V,27V<Vb<4.0V fmek/6 fmek/6 bps
rate ot Notel Notel
Theoretical value of the maximum 4.0 1.3 Mbps
transfer rate
Note3
fmek = ferk
27V<Vop<40V,23V<Vb<27V fmek/6 fmek/6 bps
Notel Notel
Theoretical value of the maximum 4.0 1.3 Mbps
transfer rate
fmek = fcu(NOtes
1.8V<Vop<33V,1.6V<Vb<20V fmek/6 fmek/6 bps
Notes1, 2 Notes1, 2
Theoretical value of the maximum 4.0 1.3 Mbps
transfer rate
fmek = fCLKNOte3
Transmission | 4.0V <Vop<5.5V, Note4 Note4d bps

27V<Vb<40V

Theoretical value of the maximum 2.8 2.8 Mbps
transfer rate Note5 Note5
Co=50pF, Ro=14kQ, Vb =27V

27V<Vop<4.0V, Note6 Note6 bps
23V<Vb<27V,

Theoretical value of the maximum 1.2 1.2 Mbps
transfer rate Note7 Note7
Cb=50pF, Ro=2.7kQ, Vb =23V

1.8V<Vop <33V, Notes Notes bps

1.6V<Vb<20V 2,8 2,8
Theoretical value of the maximum 0.43 0.43 Mbps
transfer rate Note9 Note9

Cb=50pF, Ro=55kQ, Vb =16V

Notes 1. Transfer rate in the SNOOZE mode is 4800 bps only.
2. Use it with Vbp > Vb.
3. The maximum operating frequencies of the CPU/peripheral hardware clock (fcik) are:
HS (high-speed main) mode: 24 MHz (2.7 V <Vbp <5.5V)
16 MHz (2.4 V <Vbop <5.5V)
LS (low-speed main) mode: 8 MHz (1.8 V <Vbp <5.5V)
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4. The smaller maximum transfer rate derived by using fmck/6 or the following expression is the valid
maximum transfer rate.

Expression for calculating the transfer rate when 4.0 V<Vob<55Vand 2.7V <Vb <40V

1

Maximum transfer rate = ) [bps]
{~Cox RbxIn (1- Vo N x3
1 2.2
Transferrate x 2 {=CoxRoxIn (1-—y, )}
Baud rate error (theoretical value) = 1 x 100 [%]

(m) x Number of transferred bits

* This value is the theoretical value of the relative difference between the transmission and reception sides.
5. This value as an example is calculated when the conditions described in the “Conditions” column are met.
Refer to Note 4 above to calculate the maximum transfer rate under conditions of the customer.
6. The smaller maximum transfer rate derived by using fuck/6 or the following expression is the valid
maximum transfer rate.

Expression for calculating the transfer rate when 2.7V <Vop <4.0Vand 23V <Vb<2.7V

1
Maximum transfer rate = [bps]

2.0
{-CoxRoxIn(1-—5 ) x3

1 2.0
Transfer rate x 2~ {=CoxRoxIn (1 -=, )}

1 x 100 [%]
(m) x Number of transferred bits

Baud rate error (theoretical value) =

* This value is the theoretical value of the relative difference between the transmission and reception sides.

7. This value as an example is calculated when the conditions described in the “Conditions” column are met.
Refer to Note 6 above to calculate the maximum transfer rate under conditions of the customer.

8. The smaller maximum transfer rate derived by using fuck/6 or the following expression is the valid
maximum transfer rate.

Expression for calculating the transfer rate when 1.8 V <Vop <3.3V, 16V <Vb <20V

1
Maximum transfer rate = 15 [bps]
{~Cbx RbxIn(1- V-b )} %3

1 1.5
Transferrate x 2~ {=CoxRoxn (1=, =)}

1 x 100 [%]
(m) x Number of transferred bits

Baud rate error (theoretical value) =

* This value is the theoretical value of the relative difference between the transmission and reception sides.

9. This value as an example is calculated when the conditions described in the “Conditions” column are met.
Refer to Note 8 above to calculate the maximum transfer rate under conditions of the customer.

Caution Select the TTL input buffer for the RxDq pin and the N-ch open drain output (Voo tolerance) mode for

the TxDq pin by using port input mode register g (PIMg) and port output mode register g (POMg).
For ViHand Vi, see the DC characteristics with TTL input buffer selected.
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UART mode connection diagram (during communication at different potential)

% Rb
TxDq Rx

RL78

. User's device
microcontroller

RxDq Tx

UART mode bit width (during communication at different potential) (reference)

1/Transfer rate

Low-bit width
High-bit width

Baud rate error tolerance

o

g /

K pd

1/Transfer rate

High-/Low-bit width

Baud rate error tolerance

RxDq <

Remarks 1. Rb[Q]: Communication line (TxDq) pull-up resistance, Co[F]: Communication line (TxDq) load capacitance,

Vb[V]: Communication line voltage

2. g: UART number (q = 0 to 2), g: PIM and POM number (g =0, 1)

3. fuck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn), and the Serial clock
select register m (SPSm). m: Unit number, n: Channel number (mn = 00 to 03, 10, 11))

4. UARTO in 20-, 24-pin products is valid the communication at different potential only when peripheral I/O
redirect function is not used.
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CHAPTER 28 ELECTRICAL SPECIFICATIONS (A, D: Ta=-40 to +85°C)

(7) Communication at different potential (2.5 V, 3 V) (CSI mode) (master mode, SCKOO... internal clock output,
corresponding CSI00 only)
(Ta=-40to0 +85°C, 2.7 V<Vop £5.5V, Vss =0 V)

Parameter Symbol Conditions HS (high-speed LS (low-speed Unit
main) Mode main) Mode
MIN. MAX. MIN. MAX.
SCKOO cycle time tkey1 tkey1 > 2/fcLk 40V<Vopb<bh5YV, 200 1150 ns
27V <Ve<4.0V,
Cb =20 pF, Ro = 1.4 kQ
27V <Vopb<40V, 300 1150 ns
23V<Ve<27V,
Cb =20 pF, Ro = 2.7 kQ
SCKO0O high-level width tkH1 40V<Vop<55V,27V<Vb<4.0V, tkey1/2 — tkev1/2— ns
Cb =20 pF, Ro = 1.4 kQ S0 50
27V<Vop<4.0V,23V<Vb<27V, tkey1/2 — tkey1/2 — ns
Cb = 20 pF, Ro = 2.7 kQ 120 120
SCKOO low-level width tKLt 40V <Vop<55V,27V<Vb<40V, tkev1/2 — tkevy1/2 — ns
Cob =20 pF, Ro = 1.4 kQ 7 50
27V<Vop<40V,23V<Vb<27V, tkey1/2 — tkey1/2 — ns
Cb = 20 pF, Ro = 2.7 kQ 10 50
SI00 setup time tsik1 40V <Vop<55V,27V<Vb<40V, 58 479 ns
(to SCKoOT) ™ Cb =20 pF, Ro= 1.4 kQ
27V<Vop<40V,23V<Vb<27V, 121 479 ns
Cb =20 pF, Ro = 2.7 kQ
SI00 hold time tksi1 40V<Vop<55V,27V<Vb<40V, 10 10 ns
(from SCKOOT) "** Cb = 20 pF, Ro = 1.4 kQ
27V<Vop<40V,23V<Vb<27V, 10 10 ns
Cb =20 pF, Ro = 2.7 kQ
Delay time from SCK00{ tkso1 40V<Vop<55V,27V<Vb<4.0V, 60 60 ns
to Cb = 20 pF, Ro = 1.4 kQ
S000 output “*¢*
27V<Vop<40V,23V<Vb<27V, 130 130 ns
Cb =20 pF, Ro = 2.7 kQ
SI00 setup time tsik1 40V<Vop<55V,27V<Vb<4.0V, 23 110 ns
(to SCKOOJ) " Cb = 20 pF, Ro = 1.4 kQ
27V<Vop<40V,23V<V<27V, 33 110 ns
Cb =20 pF, Ro = 2.7 kQ
SI00 hold time tksi1 40V<Vop<55V,27V<Vb<40V, 10 10 ns
(from SCK0O) "**** Cb= 20 pF, Ro= 1.4 kQ
27V<Vop<40V,23V<Vb<27V, 10 10 ns
Cb = 20 pF, Ro = 2.7 kQ
Delay time from SCK00T tkso1 40V<Vop<55V,27V<Vp<4.0V, 10 10 ns
to Cb = 20 pF, Ro = 1.4 kQ
S000 output "¢ 2
27V<Vop<40V,23V<Vb<27V, 10 10 ns
Cb =20 pF, Ro = 2.7 kQ
(Notes, Caution, and Remarks are listed on the next page.)
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Notes 1. When DAPOO = 0 and CKP0O = 0, or DAP0OO = 1 and CKP0O0 = 1
2. When DAPOO = 0 and CKPO0O = 1, or DAP00 = 1 and CKP0O0 = 0.

Caution Select the TTL input buffer for the SI00 pin and the N-ch open drain output (Voo tolerance) mode for
the SOO00 pin and SCKO0O pin by using port input mode register 1 (PIM1) and port output mode
register 1 (POM1). For ViHand Vi, see the DC characteristics with TTL input buffer selected.

Remarks 1. Ro [Q]:Communication line (SCK00, SO00) pull-up resistance, Cb [F]: Communication line (SCK00, SO00)
load capacitance, Vb [V]: Communication line voltage
2. fuck: Serial array unit operation clock frequency
(Operation clock to be set by the CKS00 bit of serial mode register (SMR00), and the Serial clock select
register 0 (SPS0).
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(8) Communication at different potential (1.8 V, 2.5V, 3V) (CSI mode) (master mode, SCKp... internal clock
output) (1/3)
(TA=-40t0 +85°C, 1.8V <Vop<Vop <55V, Vss=0 V)

Parameter Symbol Conditions HS (high-speed main) | LS (low-speed main) | Unit
Mode Mode
MIN. MAX. MIN. MAX.
SCKp cycle time tkevt tevi> | 4.0V<Voo<55V, 300 1150 ns

4o |27V <Ve<4.0V,

Cb =30 pF, Ro = 1.4 kQ
27V<Voo<4.0V, 500 1150 ns
23V<Vo<27V,

Cb =30 pF, Ro = 2.7 kQ
1.8V <Vop<33YV, 1150 1150 ns
16V<Vb<20V "
Cb = 30 pF, Ro = 5.5 kQ

SCKp high-level width ti1 40V <Vop<55V, tkev1/2 -75 tkev1/2-75 ns
27V<Ve<4.0V,

Cbo =30 pF, Ro = 1.4 kQ
27V<Von<4.0V, tkevi/2 —170 tkev1/2-170 ns
23V<Vb<27V,

Cb =30 pF, Ro = 2.7 kQ
1.8V <Vop<3.3YV, tkevi/2 —458 tkev1/2-458 ns
1.6V <Vo<2.0VN
Cb =30 pF, Ro = 5.5 kQ

SCKp low-level width thL1 40V<Vop<55V,27V<Vo<4.0V, | tkovi/2-12 tkev1/2-50 ns
Cbv =30 pF, Ro = 1.4 kQ

27V<Vop<4.0V, tkov1/2 —18 tkev1/2-50 ns
23V<Vb<27V,

Co =30 pF, Ro = 2.7 kQ
1.8V <Vop<3.3V, tkey1/2 —50 tkev1/2-50 ns
16V<Vb<20V"
Cb =30 pF, Ro = 5.5 kQ

Note Use it with Vbp > Vb.

Cautions 1. Select the TTL input buffer for the Slp pin and the N-ch open drain output (Vop tolerance) mode for the
SOp pin and SCKp pin by using port input mode register 1 (PIM1) and port output mode register 1
(POM1). For ViH and Vi, see the DC characteristics with TTL input buffer selected.
2. Communication at different potential is not allowed in CSI01, CSI11.

Remarks 1. Rb [Q]: Communication line (SCKp, SOp) pull-up resistance, Co [F]: Communication line (SCKp, SOp)
load capacitance, Vb [V]: Communication line voltage
2. p: CSl number (p = 00, 20)
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(8) Communication at different potential (1.8 V, 2.5V, 3V) (CSI mode) (master mode, SCKp... internal clock
output) (2/3)
(TA=-40to +85°C, 1.8V <V <55V, Vss=0V)

Parameter Symbol Conditions HS (high-speed | LS (low-speed Unit
main) Mode main) Mode
MIN. | MAX. | MIN. | MAX.
Slp setup time tsik1 40V<Vop<55V,27V<Vb<4.0V, 81 479 ns
(to SCKpT)"oe? Cb =30 pF, Ro = 1.4 kQ
27V<Vop<4.0V,23V<Vb<2.7V, 177 479 ns
Cb =30 pF, Ro = 2.7 kQ
1.8V <Vop<3.3V,1.6V<Vb<20VN"? 479 479 ns
Cb = 30 pF, Ro = 5.5 kQ
Slp hold time tisin 40V<Vop<55V,27V<Vb<4.0V, 19 19 ns
(from SCKpT) Mot Cb =30 pF, Ro = 1.4 kQ
27V<Vop<4.0V,23V<Vb<27V, 19 19 ns
Cb =30 pF, Ro = 2.7 kQ
1.8V <Vop<3.3V,1.6V<Vo<2.0VN"e? 19 19 ns
Cb = 30 pF, Ro = 5.5 kQ
Delay time from tksot 40V<Vop<55V,27V<Ve<40V, 100 100 ns
SCKpY to Cb =30 pF, Ro = 1.4 kQ
Note 1
SOp output 27V<Vop<40V,23V<Vo<27V, 195 195 ns
Cb =30 pF, Ro = 2.7 kQ
1.8V<Vop<3.3V,1.6V<Vb<20V"ee? 483 483 ns
Cb = 30 pF, Ro = 5.5 kQ

Notes 1. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.
2. Use it with Vbp > Vb.

(Cautions and Remarks are listed on the next page.)
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(8) Communication at different potential (1.8 V, 2.5 V, 3 V) (CSI mode) (master mode, SCKp... internal clock
output) (3/3)
(TA=-40to +85°C, 1.8V <V <55V, Vss=0V)

Parameter Symbol Conditions HS (high-speed LS (low-speed Unit
main) Mode main) Mode
MIN. | MAX. | MIN. | MAX.
Slp setup time tsik1 40V<Vop<55V,27V<Vb<4.0V, 44 110 ns
(to SCKpi )"t Cb =30 pF, Ro = 1.4 kQ
27V<Vop<4.0V,23V<Vb<27V, 44 110 ns
Cb =30 pF, Ro = 2.7 kQ
1.8V<Vop<33V,1.6V<Vpb<20VNe? 110 110 ns
Cb =30 pF, Ro = 5.5 kQ
Slp hold time tisit 40V<Vop<55V,27V<Vb<4.0V, 19 19 ns
(from SCKpy) "¢t Cb =30 pF, Ro = 1.4 kQ
27V<Vop<4.0V,23V<Vb<27V, 19 19 ns
Cb =30 pF, Ro = 2.7 kQ
1.8V<Vop<33V,16V<Vp<20VNe? 19 19 ns
Cb =30 pF, Ro = 5.5 kQ
Delay time from tkso1 40V<Vop<55V,27V<Vb<40V, 25 25 ns
SCKpT to Cb =30 pF, Ro = 1.4 kQ
Note 1
SOp output 27V<Vop<4.0V,23V<Vo<27V, 25 25 ns
Cb =30 pF, Ro = 2.7 kQ
1.8V<Vop<33V,16V<Vo<20V"™e? 25 25 ns
Cb =30 pF, Ro = 5.5 kQ

Notes 1. When DAPmn =0 and CKPmn =1, or DAPmn = 1 and CKPmn = 0.
2. Use it with Vbp > Vb.

Cautions 1. Select the TTL input buffer for the Slp pin and the N-ch open drain output (Vob tolerance) mode for the
SOp pin and SCKp pin by using port input mode register 1 (PIM1) and port output mode register 1
(POM1). For ViH and Vi, see the DC characteristics with TTL input buffer selected.
2. Communication at different potential is not allowed in CSIO1, CSI11.

Remarks 1. Ro [Q]: Communication line (SCKp, SOp) pull-up resistance, Co [F]: Communication line (SCKp, SOp)
load capacitance, Vb [V]: Communication line voltage

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

CSI mode connection diagram (during communication at different potential)

<Master> Vb Vb
g Ro % Rb
SCKp SCK
) RL78 Slp SO User's device
microcontroller
SOp Sl
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CSI mode serial transfer timing (master mode) (during communication at different potential)
(When DAPmMn =0 and CKPmn =0, or DAPmn =1 and CKPmn = 1)

tkev2

tk2 tkH2
/
SCKp 3
tsik2 tksi2
Slp Input data
tkso2
SOp Output data

CSI mode serial transfer timing (master mode) (during communication at different potential)
(When DAPmn =0 and CKPmn =1, or DAPmn =1 and CKPmn =0.)

tkev

tkH Lt

SCKp _/ \ 7/

tsik1 kst

Slp Input data

tkso1

SOp Output data

Remark p: CSI number (p = 00, 20), m: Unit number (m = 0, 1), n: Channel number (n = 0)
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(9) Communication at different potential (1.8 V, 2.5V, 3V) (CSI mode) (slave mode, SCKp... external clock input)
(TA=-40to +85°C, 1.8 V<V <55V, Vss=0V)

Parameter Symbol Conditions HS (high-speed main) | LS (low-speed main) | Unit
Mode Mode
MIN. MAX. MIN. MAX.
SCKp cycle time """ | tkevz 40V<Vop<55V, |20 MHz < fuck <24 MHz 12/fmck - ns
27V<Ve<40V 8 MHz < fueck <20 MHz 10/fmck - ns
4 MHz < fuek < 8 MHz 8/fvck 16/fmck ns
fmek <4 MHz 6/fvck 10/fmck ns
27V <Vop<4.0V, | 20 MHz < fuck <24 MHz 16/fmek - ns
23V<Wb<27V 16 MHz < fuck <20 MHz 14/fmck - ns
8 MHz < fuck < 16 MHz 12/fmek - ns
4 MHz < fuek < 8 MHz 8/fvck 16/fmck ns
fuek <4 MHz 6/fmck 10/fmck ns
1.8V<Vop<33V, | 20 MHz < fuck <24 MHz 36/fuck - ns
16V<Wb<20V 16 MHz < fuek <20 MHz 32/fmek - ns
e 8 MHz < fuck < 16 MHz 26/fmck - ns
4 MHz < fuek < 8 MHz 16/fmck 16/fmck ns
fmek <4 MHz 10/fmck 10/fmck ns
SCKp high-/low-level | tkHz, 40V<Vop<55V,27V<Vb<4.0V tccy2/2 — 12 tkey2/2 — 50 ns
width k2 27V<Vop<40V,23V<Ve<27V tkevz/2 — 18 tkov2/2 — 50 ns
1.8V<Vop<3.3V,1.6V<Ve<20V"re? tecy2/2 — 50 ticcv2/2 — 50 ns
Slp setup time tsikz 40V<Vop<55V,27V<Vb<4.0V 1fivex + 20 1/fmek + 30 ns
(to SCKpT) " 27V<Voo<40V,23V<Vo<27V ivex + 20 1/fuck + 30 ns
1.8V<Vop<3.3V,1.6V<Vpr<20V"e? 1fvex + 30 1/fmek + 30 ns
Slp hold time tisi2 1fvek + 31 1/fmek + 31 ns
(from SCKpT) "oe*
Delay time from tkso2 40V<Vop<55V,27V<Vb<4.0V, 2/fmck + 2/fmck + ns
SCKp! to SOp G =30 pF, Ro = 1.4 kO 120 573
output e 27V<Vop<40V,23V<Vb<27V, 2/fumck + 2/fmck + ns
Cb =30 pF, Ro = 2.7 kQ 214 573
1.8V<Vop<33V,1.6V<Ve<20V"e? 2/fuck + 2ffuck+ | ns
Cb =30 pF, Ro = 5.5 kQ 573 573

Notes 1. Transfer rate in the SNOOZE mode: MAX. 1 Mbps

2. Use it with Vbp > Vb.

3. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp setup time becomes “to
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 Slp hold time becomes “from
SCKpY{” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

5. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The delay time to SOp output
becomes “from SCKpT” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

Cautions 1. Select the TTL input buffer for the Slp pin and SCKp pin, and the N-ch open drain output (Voo tolerance)
mode for the SOp pin by using port input mode register 1 (PIM1) and port output mode register 1
(POM1). For ViH and Vi, see the DC characteristics with TTL input buffer selected.
2. Communication at different potential is not allowed in CSI01, CSI11.
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CSI mode connection diagram (during communication at different potential)

<Slave> Vb

T

SCKp SCK

RL78

microcontroller  SIP SO  User's device

SOp sl

Remarks 1. Ro [Q]: Communication line (SOp) pull-up resistance, Cb [F]: Communication line (SOp) load capacitance,
Vb [V]: Communication line voltage
2. p: CSl number (p = 00, 20), m: Unit number (m = 0, 1), n: Channel number (n = 0)
3. fwmck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn), and the Serial clock
select register m (SPSm). m: Unit number, n: Channel number (mn = 00, 10)
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CSI mode serial transfer timing (slave mode) (during communication at different potential)
(When DAPmn = 0 and CKPmn =0, or DAPmn =1 and CKPmn =1.)

tkev

kL tKH1

SCKp \ \

tsik tksi

Slp Input data

tkso1

SOp Output data

CSI mode serial transfer timing (slave mode) (during communication at different potential)
(When DAPmn =0 and CKPmn =1, or DAPmn =1 and CKPmn =0.)

tkev2

tke2 tkH2

/
SCKp

tsik2 tksi2

Slp Input data

tkso2

SOp Output data

Remark p: CSI number (p = 00, 20), m: Unit number (m = 0, 1), n: Channel number (n = 0)
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(10) Communication at different potential (1.8 V, 2.5V, 3 V) (simplified ’C mode)
(TA=-40to +85°C, 1.8V <Vop £5.5V,Vss=0V)

Parameter Symbol Conditions HS (high-speed LS (low-speed Unit
main) Mode main) Mode
MIN. MAX. MIN. MAX.
SCLr clock frequency fscL 40V<Vop<55V,27V<Vb<4.0V, 400"t 300M" | kHz
Cb = 100 pF, R = 2.8 kQ
27V<Vop<4.0V,23V<Ve<27YV, 400Nt 300M"" | kHz
Cb =100 pF, Ro = 2.7 kQ
1.8V <Vop<3.3V,1.6V<Vy<20V,? 300Nt 300M" | kHz
Cb =100 pF, Ro = 5.5 kQ
Hold time when SCLr = “L” | tlow 40V<Vop<55V,27V<Vb<4.0V, 1150 1550 ns
Cb = 100 pF, R = 2.8 kQ
27V<Vop<4.0V,23V<Vb<27V, 1150 1550 ns
Cb = 100 pF, Ro = 2.7 kQ
1.8V<Vop<33V,1.6V<Vo<2.0V,V | 1550 1550 ns
Cb = 100 pF, R = 5.5 kQ
Hold time when SCLr = “H” | trien 40V<Vop<55V,27V<Vo<4.0V, 675 610 ns
Cb =100 pF, Ro = 2.8 kQ
27V<Vop<40V,23V<Vb<27V, 600 610 ns
Cb =100 pF, Ro = 2.7 kQ
1.8V <Vop<3.3V,1.6V<Vo<20V,"? 610 610 ns
Cb = 100 pF, R = 5.5 kQ
Data setup time (reception) | tsuat 40V<Vop<55V,27V<Vb<4.0V, 1/fmex 1/fmek ns
Cb = 100 pF, Ro = 2.8 kQ +190 +190
Note3 Note3
27V<Vop<4.0V,23V<Vp<27V, 1/fmek 1/fmex ns
Cb =100 pF, Ro = 2.7 kQ +190 +190
Note3 Note3
1.8V <Vop<3.3V,1.6V<Vo<2.0V,"? | 1ffuck 1 /fmck ns
Cb = 100 pF, Ry = 5.5 kQ +190 +190
Note3 Note3
Data setup time thooar | 4.0V <VoD<55V,27V<Vb<4.0V, 0 355 0 355 ns
(transmission)” Cb =100 pF, Ro = 2.8 kQ
27V<Vop<4.0V,23V<Vb<27V, 0 355 0 355 ns
Cb =100 pF, Ro = 2.7 kQ
1.8V <Vop<3.3V,1.6V<Vo<20V,"? 0 405 0 405 ns
Cb = 100 pF, R = 5.5 kQ

Notes 1. The value must also be equal to or less than fmck/4.
2. Use it with Vbp > Vb.
3. Set the tsupar value to keep the hold time of SCLr ="L" and SCLr = "H".

Cautions 1. Select the TTL input buffer and the N-ch open drain output (VDD tolerance) mode for the SDAr pin and
the N-ch open drain output (VDD tolerance) mode for the SCLr pin by using port input mode register 1
(PIM1) and port output mode register 1 (POM1). For Vit and Vi, see the DC characteristics with TTL
input buffer selected.
2. Communication at different potential is not allowed in 11C01, [IC11.

(Remarks are listed on the next page.)
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Simplified I°C mode connection diagram (during communication at different potential)

Vb Vb
§ Ro % Ro
SDAr ® SDA
. RL78 User's device
microcontroller
SCLr SCL

Simplified I°C mode serial transfer timing (during communication at different potential)

1/fscL

tLow tHiGH

SCLr \
/—
SDAI’ /

tHD : DAT tsu:pat

Remarks 1. Ro [Q]: Communication line (SDAr, SCLr) pull-up resistance, Co [F]: Communication line (SDAr, SCLr)
load capacitance, Vb [V]: Communication line voltage
2. r: 1IC Number (r = 00, 20)
3. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn), and the Serial clock
select register m (SPSm). m: Unit number (m = 0,1), n: Channel number (n = 0))
4. Simplified I°C mode is supported only by the R5F102 products.
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28.5.2 Serial interface IICA

(Ta=-40to +85°C, 1.8V <Vop <5.5V, Vss =0 V)

Parameter Symbol Conditions HS (high-speed main) Mode Unit
LS (low-speed main) Mode
Standard Mode Fast Mode

MIN. MAX. MIN. MAX.
SCLAO clock frequency fscL Fast mode: fck> 3.5 MHz 0 400 kHz
Normal mode: fcik> 1 MHz 0 100 kHz
Setup time of restart condition tsu:sTA 4.7 0.6 s
Hold time "' * tHD:sTA 4.0 0.6 us
Hold time when SCLAO = “L” tow 4.7 1.3 us
Hold time when SCLAO = “H” tHiGH 4.0 0.6 us
Data setup time (reception) tsu:DAT 250 100 ns
Data hold time (transmission)"*®? | tup.oat 0 345 0 0.9 us
Setup time of stop condition tsu:sto 4.0 0.6 us
Bus-free time teur 4.7 1.3 s

Notes 1. The first clock pulse is generated after this period when the start/restart condition is detected.

2. The maximum value (MAX.) of tHp:pAT is during normal transfer and a wait state is inserted in the ACK

(acknowledge) timing.

Caution The values in the above table are applied even when bit 2 (PIOR2) in the peripheral 1/O redirection

register (PIOR) is 1 in 30-pin products only. At this time, the pin characteristics (lon1, loL1, Von1, VoL1)

must satisfy the values in the redirect destination.

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.

Normal mode:
Fast mode:

SCLAO

tHD:sTA

Cb = 400 pF, Rb = 2.7 kQ
Cb = 320 pF, Rb = 1.1 kQ

IICA serial transfer timing

tHiGH  tF tsu:sTA

tsu:DAT |-

/

SDAAO

—

/

tBuF

TR Bt SRR TP EEPEEEEPTE

Stop Start
condition  condition

Restart
condition

AN S

Stop
condition
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28.6 Analog Characteristics
28.6.1 A/D converter characteristics

Classification of A/D converter characteristics

Input channel Reference Voltage

Reference voltage (+) = AVREFP Reference voltage (+) = VbD Reference voltage (+) = VBGR
Reference voltage (-) = AVREFM Reference voltage (-) = Vss Reference voltage (-) = AVREFM

ANIO to ANI3 Refer to 28.6.1 (1). Refer to 28.6.1 (3). Refer to 28.6.1 (4).

ANI16 to ANI22 Refer to 28.6.1 (2).

Internal reference voltage Refer to 28.6.1 (1). -

Temperature sensor

output voltage

(1) When reference voltage (+) = AVrerr/ANIO (ADREFP1 = 0, ADREFPO = 1), reference voltage (-) = AVrerm/ANI1
(ADREFM = 1), target pin: ANI2, ANI3, internal reference voltage, and temperature sensor output voltage

(Ta = —40 to +85°C, 1.8 V < AVrerr £ VDD < 5.5V, Vss = 0 V, Reference voltage (+) = AVrerp, Reference voltage (-) =
AVrerm=0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 8 10 bit
Overall error**** AINL | 10-bit resolution 1.2 £3.5 LsSB

AVrerp = Vpp Ot 12 47,0 Note4 LSB
Conversion time tconv 10-bit resolution 36V<VbD<55V 2125 39 us
Target pin: ANI2, ANI3 1 5 7 < vpp <55V 3.1875 39 s
1.8V<Vpb<55V 17 39 us
57 95 s
10-bit resolution 36V<VbD<55V 2.375 39 us
Target pin: Internal 27V<Vop<55V 3.5625 39 ps
reference voltage, and
24V<Vob<55V 17 39 us
temperature sensor
output voltage
(HS (high-speed main)
mode)
Zero-scale error™**® 2 EZS 10-bit resolution +0.25 | %FSR
AVrere = Vop 0t 2 +0.50 ‘| %FSR
Full-scale error°te 2 EFS 10-bit resolution +0.25 | %FSR
AVrerp = Vop 0t * +0.50 ‘| %FSR
Integral linearity error™** | ILE 10-bit resolution 2.5 LSB
AVrerp = Vpp Ot 3 +5.0M*|  LSB
Differential linearity error DLE 10-bit resolution +1.5 LSB
Note 1 AVrerp = Vpp Ot 42 Noted LSB
Analog input voltage Van ANI2, ANI3 0 AVRerp \%
Internal reference voltage Veer "' ® \Y
(2.4 V <VpD £5.5V, HS (high-speed main) mode)
Temperature sensor output voltage Vrmpszs "¢ ° \Y,
(2.4V <Vbpp £5.5V, HS (high-speed main) mode)

(Notes are listed on the next page.)
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Notes 1. Excludes quantization error (+1/2 LSB).
2. This value is indicated as a ratio (%FSR) to the full-scale value.
3. When AVrere < Voo, the MAX. values are as follows.
Overall error: Add +1.0 LSB to the MAX. value when AVrere = Voo.
Zero-scale error/Full-scale error: Add £0.05%FSR to the MAX. value when AVrere = Voo.
Integral linearity error/ Differential linearity error: Add +0.5 LSB to the MAX. value when AVrerr = Vob.
4. Values when the conversion time is set to 57 us (min.) and 95 us (max.).
5. Refer to 28.6.2 Temperature sensor/internal reference voltage characteristics.

(2) When reference voltage (+) = AVrerr/ANIO (ADREFP1 = 0, ADREFPO = 1), reference voltage (-) = AVrerm/ANI1
(ADREFM = 1), target pin: ANI16 to ANI22

(TA =-40to +85°C, 1.8 V < AVrerr < Vpp £ 5.5V, Vss = 0 V, Reference voltage (+) = AVrerpr, Reference voltage (-) =
AVRrerm = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 8 10 bit
Overall error " * AINL 10-bit resolution 1.2 +5.0 LSB

AVrere = Voo "7 12 |+85%=4| LsB
Conversion time tconv 10-bit resolution 36V<VbD<55V 2125 39 y7-]
Target ANI pin: 27V<Vop<55V 3.1875 39 us
ANI16 to ANI22
1.8V<VbD<55V 17 39 us
57 95 us
Zero-scale error V"2 | EZS 10-bit resolution +0.35 | %FSR
AVRerp = VoD Note 3 +0.60 Note 4 %FSR
Full-scale error "' *2 EFS 10-bit resolution +0.35 | %FSR
- Note 3
AVRerp = Voo +0.60""° " %FSR
Integral linearity error ILE 10-bit resolution +3.5 LSB
Note 1 AVrerp = Vop Ot 3 46.0M4| | sB
Differential linearity error | DLE 10-bit resolution +2.0 LSB
Note 1 AVREFP - VDD Note 3 i25 Note 4 LSB
Analog input voltage VAN ANI16 to ANI22 0 AVRerp \%
and Voo

Notes 1. Excludes quantization error (+1/2 LSB).
2. This value is indicated as a ratio (%FSR) to the full-scale value.
3. When AVkerr < Vop, the MAX. values are as follows.
Overall error: Add +4.0 LSB to the MAX. value when AVrere = Voo.
Zero-scale error/Full-scale error: Add £0.20%FSR to the MAX. value when AVrere = Voo.
Integral linearity error/ Differential linearity error: Add +2.0 LSB to the MAX. value when AVrerr = Vbo.
4. When the conversion time is set to 57 us (min.) and 95 us (max.).
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(3) When reference voltage (+) = Voo (ADREFP1 = 0, ADREFPO = 0), reference voltage (-) = Vss (ADREFM = 0),
target pin: ANIO to ANI3, ANI16 to ANI22, internal reference voltage, and temperature sensor output voltage

(TA=-401to +85°C, 1.8 V<Vop<5.5V, Vss =0V, Reference voltage (+) = Voo, Reference voltage (=) = Vss)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 8 10 bit
Overall error”®* AINL 10-bit resolution 1.2 £7.0 LSB

1.2 R105M"°% LSB
Conversion time tcony 10-bit resolution 3.6V<VbDb<55V 2.125 39 s
Targetpin: ANIOto ANI3, | 5 7y <vpp <55V | 3.1875 39 s
ANI16 to ANI22
1.8V<Vbb<55V 17 39 S
57 95 s
Conversion time tconv 10-bit resolution 36V<VbD<55V 2.375 39 us
Target pin: internal reference 27V <Vob<55V 35625 39 s
voltage, and temperature oavey 55V 17 39
< <
sensor output voltage (HS 4V =VDD=o. HS
(high-speed main) mode)
Zero-scale error**** 12 EZS 10-bit resolution +0.60 | %FSR
+0.85 %FSR
Note 3
Full-scale error**>*? EFS 10-bit resolution +0.60 | %FSR
+0.85 %FSR
Note 3
Integral linearity error™'* ILE 10-bit resolution +4.0 LSB
+6.5"°%| LSB
Differential linearity error ™*°* | DLE 10-bit resolution +2.0 LSB
+25M°% | SB
Analog input voltage Vain ANIO to ANI3, ANI16 to ANI22 0 Vob \%
Internal reference voltage Veer "4 \Y
(2.4 V <Vbp 5.5V, HS (high-speed main) mode)
Temperature sensor output voltage V1mpszs Vo' 4 \Y
(24 V <VbD £5.5V, HS (high-speed main) mode)
Notes 1. Excludes quantization error (+1/2 LSB).
2. This value is indicated as a ratio (%FSR) to the full-scale value.
3. When the conversion time is set to 57 us (min.) and 95 s (max.).
4. Refer to 28.6.2 Temperature sensor/internal reference voltage characteristics.
43

RRENESAS



RL78/G12

CHAPTER 28 ELECTRICAL SPECIFICATIONS (A, D: Ta=-40 to +85°C)

(4) When reference voltage (+) = Internal reference voltage (ADREFP1 = 1, ADREFPO = 0), reference voltage (-) =

AVrerm (ADREFM = 1), target pin: ANIO, ANI2, ANI3, and ANI16 to ANI22

(Ta = -40 to +85°C, 2.4 V < Voo £ 5.5 V, Vss = 0 V, Reference voltage (+) = Vecr "*?, Reference voltage (-) = AVRrerm
Note 4= 0 v, HS (high-speed main) mode)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 8 bit
Conversion time tconv 8-bit resolution 17 39 7S
Zero-scale error***** 2 EZS 8-bit resolution +0.60 | %FSR
Integral linearity error™* ILE 8-bit resolution +2.0 LSB
Differential linearity error *** DLE 8-bit resolution +1.0 LSB
Analog input voltage VAN 0 Vaer ¢ 2 \Y
Notes 1. Excludes quantization error (+1/2 LSB).
2. This value is indicated as a ratio (%FSR) to the full-scale value.
3. Refer to 28.6.2 Temperature sensor/internal reference voltage characteristics.
4. When reference voltage (-) = Vss, the MAX. values are as follows.
Zero-scale error: Add £0.35%FSR to the MAX. value when reference voltage () = AVRerm.
Integral linearity error: Add £0.5 LSB to the MAX. value when reference voltage (-) = AVRerMm.
Differential linearity error: Add £0.2 LSB to the MAX. value when reference voltage (-) = AVRerm.
28.6.2 Temperature sensor characteristics
(TA=-40to +85°C, 2.4V <Vop£5.5V, Vss =0V, HS (high-speed main) mode
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Temperature sensor output voltage V1mps25 Setting ADS register = 80H, 1.05 \%
Ta =+25°C
Reference output voltage VBer Setting ADS register = 81H 1.38 1.45 1.50 \%
Temperature coefficient Fvrmps Temperature sensor output -3.6 mV/°C
voltage that depends on the
temperature
Operation stabilization wait time tawp 5 us
44
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28.6.3 POR circuit characteristics

(Ta = —40 to +85°C, Vss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection voltage VPor Power supply rise time 1.47 1.51 1.55 \%
VPDR Power supply fall time 1.46 1.50 1.54 \%
Minimum pulse width "°*¢ Tew 300 us

Note Minimum time required for a POR reset when Voo exceeds below Veor. This is also the minimum time required
for a POR reset from when Voo exceeds below 0.7 V to when Voo exceeds Vror while STOP mode is entered or

the main system clock is stopped through setting bit 0 (HIOSTOP) and bit 7 (MSTOP) in the clock operation
status control register (CSC).

Tew

Supply voltage (Vobb)

VPoOR

Vepr Or 0.7V
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28.6.4 LVD circuit characteristics

LVD Detection Voltage of Reset Mode and Interrupt Mode
(Ta=-40to +85°C, Vpor< VoD £ 5.5V, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Detection supply voltage Vivoo Power supply rise time 3.98 4.06 4.14 V
Power supply fall time 3.90 3.98 4.06 Vv

Vivo1 Power supply rise time 3.68 3.75 3.82 V

Power supply fall time 3.60 3.67 3.74 Vv

Vivp2 Power supply rise time 3.07 3.13 3.19 \%

Power supply fall time 3.00 3.06 3.12 Vv

Vivos Power supply rise time 2.96 3.02 3.08 Vv

Power supply fall time 2.90 2.96 3.02 Vv

Vivoa Power supply rise time 2.86 2.92 2.97 Vv

Power supply fall time 2.80 2.86 2.91 \%

Vivps Power supply rise time 2.76 2.81 2.87 \Y

Power supply fall time 2.70 2.75 2.81 \%

Vivos Power supply rise time 2.66 2.71 2.76 V

Power supply fall time 2.60 2.65 2.70 Vv

Vivor Power supply rise time 2.56 2.61 2.66 V

Power supply fall time 2.50 2.55 2.60 Vv

Vivos Power supply rise time 2.45 2.50 2.55 \%

Power supply fall time 2.40 2.45 2.50 Vv

Vivoe Power supply rise time 2.05 2.09 213 Vv

Power supply fall time 2.00 2.04 2.08 V

Vivb1o Power supply rise time 1.94 1.98 2.02 \%

Power supply fall time 1.90 1.94 1.98 \%

Vivo11 Power supply rise time 1.84 1.88 1.91 \Y

Power supply fall time 1.80 1.84 1.87 \%

Minimum pulse width tw 300 us
Detection delay time 300 us
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LVD detection voltage of interrupt & reset mode
(Ta=-40to +85°C, Vror < Voo < 5.5V, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Interrupt and reset | Vivoeo Vrocz, Veoct, Veoco = 0, 0, 1, falling reset voltage 1.80 1.84 1.87
mode VLo LVIS1, LVISO = 1,0 Rising reset release voltage 1.94 1.98 2.02 v
Falling interrupt voltage 1.90 1.94 1.98 \%
Vivbe2 LVIS1, LVISO =0, 1 Rising reset release voltage 2.05 2.09 213 \%
Falling interrupt voltage 2.00 2.04 2.08 \%
Vivbes LVIS1, LVISO=0, 0 Rising reset release voltage 3.07 3.13 3.19 \Y
Falling interrupt voltage 3.00 3.06 3.12 \%
Vwvbco Vpocz, Veoct, Vroco = 0, 1, 0, falling reset voltage 2.40 2.45 2.50 \%
Vwvbet LVIS1, LVISO=1,0 Rising reset release voltage 2.56 2.61 2.66 \%
Falling interrupt voltage 2.50 2.55 2.60 \%
Vivocz LVIS1, LVISO =0, 1 Rising reset release voltage 2.66 2.71 2.76 \Y
Falling interrupt voltage 2.60 2.65 2.70 \%
Vivocs LVIS1, LVISO=0,0 Rising reset release voltage 3.68 3.75 3.82 \
Falling interrupt voltage 3.60 3.67 3.74 \Y
VLvbpo Veocz, Veoct, Veoct =0, 1, 1, falling reset voltage 2.70 2.75 2.81 \Y
VLvbD1 LVIS1, LVISO=1,0 Rising reset release voltage 2.86 2.92 2.97 Vv
Falling interrupt voltage 2.80 2.86 2.91 \%
Vivop2 LVIS1, LVISO =0, 1 Rising reset release voltage 2.96 3.02 3.08 \%
Falling interrupt voltage 2.90 2.96 3.02 \%
VLvop3 LVIS1, LVISO=0,0 Rising reset release voltage 3.98 4.06 414 \%
Falling interrupt voltage 3.90 3.98 4.06 \%
28.6.5 Power supply voltage rising slope characteristics
(TA=-40t0 +85°C, Vss =0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Power supply voltage rising slope Svop 54 V/ms

Caution

operating voltage range shown in 28.4 AC Characteristics.

Make sure to keep the internal reset state by the LVD circuit or an external reset until Voo reaches the
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28.7 Data Memory STOP Mode Low Supply Voltage Data Retention Characteristics

(Ta = —40 to +85°C, Vss = 0 V)

Parameter

Symbol

Conditions

MIN.

TYP.

MAX.

Unit

Data retention supply voltage

VoppR

1.46 Note

5.5

Note The value depends on the POR detection voltage. When the voltage drops, the data is retained before a POR

reset is affected, but data is not retained when a POR reset is affected.

Vob

T

STOP instruction execution

Standby release signal
(interrupt request)

STOP mode

«— Data retention mode ——

VoDDR

28.8 Flash Memory Programming Characteristics

(TaA=-401to +85°C, 1.8V <Vop <55V, Vss=0V)

Operation mode

Parameter Symbol Conditions MIN. TYP. MAX. | Unit
System clock frequency fok 1 24 MHz
Code flash memory rewritable times | Cerwr Retained for 20 years Ta=85°C 1,000 Times
Notes 1, 2, 3
Data flash memory rewritable times Retained for 1 year Ta=25°C 1,000,000
s Retained for 5 years Ta=85°C 100,000
Retained for 20 years Ta=85°C 10,000

Notes 1.

the next rewrite is performed after a rewrite.
2. When using flash memory programmer or library program from Renesas
3. This shows the flash memory characteristics. This is a result obtained from Renesas Electronics reliability

test.

1 erase + 1 write after the erase is regarded as 1 rewrite. The retaining years are a period of time in which
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28.9 Dedicated Flash Memory Programmer Communication (UART)

(Ta=-40to +85°C, 1.8V <Vop <5.5V, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate During serial programming 115,200 1,000,000 bps
28.10 Timing Specs for Switching Flash Memory Programming Modes
(TA=-40to +85°C, 1.8 V<V <55V, Vss=0V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
How long from when an external reset | tsuinit POR and LVD reset must 100 ms
ends until the initial communication end before the external
settings are specified reset ends.
How long from when the TOOLO pin tsu POR and LVD reset must 10 us
is placed at the low level until an end before the external
external reset ends reset ends.
How long the TOOLO pin must be ) POR and LVD reset must 1 ms
kept at the low level after an external end before the external
reset ends reset ends.
(excluding the processing time of the
firmware to control the flash memory)
<1>  <2> <3> <4>
RESET L/ E E
1 723 us +tip E
1 processing ) '
| time | 00H reception |

TOOLO

{<——— =1 (TOOLRxD, TOOLTXD mode)

tsu

tsuiniT

<1> The low level is input to the TOOLO pin.

<2> The external reset ends (POR and LVD reset must end before the external reset ends.).

<3> The TOOLDO pin is set to the high level.
<4> Setting of the flash memory programming mode by UART reception and complete the baud

rate setting.

Remark

100 ms from when the resets end.

tsu:

tHD:

(excluding the processing time of the firmware to control the flash memory)

How long to keep the TOOLO pin at the low level from when the external reset ends.

How long from when the TOOLO pin is placed at the low level until an external reset ends.

tsuinit: The segment shows that it is necessary to finish specifying the initial communication settings within
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CHAPTER 29 ELECTRICAL SPECIFICATIONS (G: Ta = -40to +105°C) (TARGET VALUES)

This chapter describes the electrical specifications for the products "G: Industrial applications (TA = -40 to +105°C)".

Cautions 1. The specifications in this chapter show target values, which may change after device evaluation.

2. The RL78 microcontrollers have an on-chip debug function, which is provided for development and
evaluation. Do not use the on-chip debug function in products designated for mass production,
because the guaranteed number of rewritable times of the flash memory may be exceeded when this
function is used, and product reliability therefore cannot be guaranteed. Renesas Electronics is not
liable for problems occurring when the on-chip debug function is used.

3. The pins mounted depend on the product. Refer to 2.1 Port Function to 2.2.1 Functions Mounted
According to Product.

There are following differences between the products "G: Industrial applications (Ta = -40 to +105°C)" and the products “A:
Consumer applications, and D: Industrial applications”.

Parameter Application

A: Consumer applications,
D: Industrial applications

G: Industrial applications

Operating ambient temperature

Ta = -40 to +85°C

Ta =-40 to +105°C

Operating mode

Operating voltage range

HS (high-speed main) mode:

2.7V <Vop £ 5.5 V@1 MHz to 24 MHz
2.4V <Vopo <5.5V@1 MHz to 16 MHz
LS (low-speed main) mode:

1.8V <Vop <5.5V@1 MHz to 8 MHz

HS (high-speed main) mode only:
2.7V <Vop £5.5V@1 MHz to 24 MHz
2.4V <Vop <5.5V@1 MHz to 16 MHz

High-speed on-chip oscillator

clock accuracy

In the R5F102 products, 1.8 V<Vop <55V :
1£1.0%@ Ta =-20 to +85°C
+1.5%@ Ta = -40 to -20°C
In the R5F103 products, 1.8 V<Vop <55V :
15.0%@ Ta = -40 to +85°C

In the R5F102 products, 2.4V <Vop <55V :
12.0%@ Ta = +85 to +105°C

+1.0%@ Ta = -20 to +85°C

+1.5%@ Ta = -40 to -20°C

Serial array unit

UART
CSI: fewk/2 (supporting 12 Mbps), fewk/4

Simplified I°C communication

UART
CSI: fewk/4

Simplified I°C communication

Voltage detector

Rise detection voltage:
1.88 V10 4.06 V (12 levels)
Fall detection voltage:

1.84 V to 3.98 V (12 levels)

Rise detection voltage:
2.61V1t04.06 V (8 levels)
Fall detection voltage:
2.55V to 3.98 V (8 levels)

Remark The electrical characteristics of the products G: Industrial applications (Ta = -40 to +105°C) are different from
those of the products “A: Consumer applications and D: Industrial applications”. For details, refer to 29.1 to

29.10.
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CHAPTER 29 ELECTRICAL SPECIFICATIONS (G: Ta = —40 to +105°C) (TARGET VALUES)

29.1 Absolute Maximum Ratings

(Ta = 25°C)

Parameter Symbols Conditions Ratings Unit
Supply Voltage Voo -0.5t0 +6.5 \Y
REGC terminal input | Virecc REGC -0.3t0 +2.8 \%

Notel
voltage™"* and ~0.3 to Voo + 0.3
Note 2
Input Voltage Vi Other than P60, P61 -0.3to Voo + 0.3"3 \Y
Vi2 P60, P61 (N-ch open drain) -0.3t0 6.5 \Y
Output Voltage Vo -0.3to Voo + 0.3"3 \Y
Analog input voltage | Vai 20-, 24-pin products: ANIO to ANI3, ANI16 to ANI22 -0.3to Voo + 0.3 \%
30-pin products: ANIO to ANI3, ANI16 to ANI19 and -0.3 to
AVREF (+)+0.3 e 34
Output current, high loH1 Per pin Other than P20 to P23 -40 mA
Total of all pins All the terminals other than P20 to P23 -170 mA
20-, 24-pin products: P40 to P42 -70 mA
30-pin products: P00, P01, P40, P120
20-, 24-pin products: P00 to P03 3, -100 mA
P10 to P14
30-pin products: P10 to P17, P30, P31,
P50, P51, P147
loH2 Per pin P20 to P23 -0.5 mA
Total of all pins -2 mA
Output current, low loL1 Per pin Other than P20 to P23 40 mA
Total of all pins All the terminals other than P20 to P23 170 mA
20-, 24-pin products: P40 to P42 70 mA
30-pin products: P00, P01, P40, P120
20-, 24-pin products: P00 to P03"°"?, 100 mA
P10 to P14, P60, P61
30-pin products: P10 to P17, P30, P31,
P50, P51, P60, P61, P147
loL2 Per pin P20 to P23 1 mA
Total of all pins 5 mA
Operating ambient Ta —40 to +105MN® °C
temperature
Storage temperature | Tsyg —65 to +150 °C

Notes 1.

30-pin products only.
2. Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF). This value determines the absolute maximum

rating of the REGC pin. Do not use it with voltage applied.

o s~ w

Must be 6.5 V or lower.
Do not exceed AVRer(+) + 0.3 V in case of A/D conversion target pin.
24-pin products only.

6. Total operating time in Ta = +85°C to +105°C : 10,000 hours

Caution Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any
parameter. That is, the absolute maximum ratings are rated values at which the product is on the
verge of suffering physical damage, and therefore the product must be used under conditions that
ensure that the absolute maximum ratings are not exceeded.

Remarks 1. Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port
pins.

2. AVRrer(+) : + side reference voltage of the A/D converter.
3. Vss : Reference voltage
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RL78/G12 CHAPTER 29 ELECTRICAL SPECIFICATIONS (G: Ta = —40 to +105°C) (TARGET VALUES)

29.2 Oscillator Characteristics
29.2.1 X1 oscillator characteristics

(TA=-40to +105°C, 2.4V <Vob<Vpp <55V, Vss=0V)

Parameter Resonator Conditions MIN. TYP. MAX. Unit
X1 clock oscillation Ceramic resonator / 27V<Vopb<55V 1.0 20.0 MHz
Note .
frequency (fx) Crystal oscillator 24V <Vop<27V 10 80

Note Indicates only permissible oscillator frequency ranges. Refer to AC Characteristics for instruction execution time.
Request evaluation by the manufacturer of the oscillator circuit mounted on a board to check the oscillator
characteristics.

Caution Since the CPU is started by the high-speed on-chip oscillator clock after a reset release, check the X1
clock oscillation stabilization time using the oscillation stabilization time counter status register (OSTC)
by the user. Determine the oscillation stabilization time of the OSTC register and the oscillation
stabilization time select register (OSTS) after sufficiently evaluating the oscillation stabilization time
with the resonator to be used.

Remark When using the X1 oscillator, refer to 5.4 System Clock Oscillator.

29.2.2 On-chip oscillator characteristics

(TA=-40to +105°C, 2.4V <Vbpb <55V, Vss=0V)

Oscillators Parameters Conditions MIN. | TYP. | MAX. Unit
High-speed on-chip oscillator | fin 1 24 MHz
clock frequency Nt 2
High-speed on-chip oscillator R5F102 products Ta=-20 to +85°C -1.0 +1.0 %
clock frequency accuracy Ta = —40 to —20°C 15 +15 %

Ta=+85to +105°C -2.0 +2.0 %
Low-speed on-chip oscillator | fiL 15 kHz

clock frequency

Low-speed on-chip oscillator -15 +15 %
clock frequency accuracy

Notes 1. High-speed on-chip oscillator frequency is selected by bits 0 to 3 of option byte (000C2H) and bits 0 to 2 of
HOCODIV register.

2. This only indicates the oscillator characteristics. Refer to AC Characteristics for instruction execution time.
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RL78/G12 CHAPTER 29 ELECTRICAL SPECIFICATIONS (G: Ta = —40 to +105°C) (TARGET VALUES)

29.3 DC Characteristics

29.3.1 Pin characteristics

(TA=-40t0 +105°C, 2.4V <Vpp<5.5V,Vss=0V) (1/4)
Parameter Symbol Conditions MIN. | TYP. | MAX. Unit
Output current, high"**®* | low 20-, 24-pin products: -3.0 mA
Per pin for POO to PO3"""®*, Note 2
P10 to P14, P40 to P42
30-pin products:
Per pin for P00, P01, P10 to P17, P30,
P31, P40, P50, P51, P120, P147
20-, 24-pin products: 40V<Vop<b55V -9.0 mA
Total of P40 to P42 27V<Von<4.0V 60 | mA
30-pin products: 24V <Vop<27V 45 | mA
Total of P00, P01, P40, P120
(When duty < 70% "°*¢3)
20-, 24-pin products: 40V<Vop<55V -27.0 mA
Note 4
Total of POO to P03 , P10 to P14 27V <Vop<4.0V _18.0 mA
30-pin products: 24V <Vop<27V ~100 | mA
Total of P10 to P17, P30, P31,
P50, P51, P147
(When duty < 70% %)
Total of all pins (When duty < 70%"°"?) -36.0 mA
loHz2 Per pin for P20 to P23 -0.1 mA
Total of all pins -0.4 mA

Notes 1. value of current at which the device operation is guaranteed even if the current flows from the Vop pin to an

output pin.

2. However, do not exceed the total current value.

3. The output current value under conditions where the duty factor < 70%.
If duty factor > 70%: The output current value can be calculated with the following expression (where n
represents the duty factor as a percentage).
e Total output current of pins = (lon x 0.7)/(n x 0.01)

<Example> Where n = 80% and lon = —10.0 mA
Total output current of pins = (-10.0 x 0.7)/(80 x 0.01) = -8.7 mA

However, the current that is allowed to flow into one pin does not vary depending on the duty factor. A
current higher than the absolute maximum rating must not flow into one pin.

4. 24-pin products only.

Caution P10 to P12, P41 for 20-pin products, P01, P10 to P12, P41 for 24-pin products, and P00, P10 to P15,
P17, P50 for 30-pin products do not output high level in N-ch open-drain mode.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port
pins.
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RL78/G12 CHAPTER 29 ELECTRICAL SPECIFICATIONS (G: Ta = —40 to +105°C) (TARGET VALUES)

(TA=-40t0 +105°C, 2.4V <Vpp<5.5V,Vss=0V) (2/14)
Parameter Symbol Conditions MIN. | TYP. | MAX. Unit
Output current, low"*®* | lo1 20-, 24-pin products: 8.5 mA
Per pin for POO to P03 4, Note 2

P10 to P14, P40 to P42

30-pin products:
Per pin for P00, P01, P10 to P17, P30,
P31, P40, P50, P51, P120, P147

Per pin for P60, P61 15.0 mA
Note 2
20-, 24-pin products: 40V<Vop<55V 255 mA
Total of P40 to P42 27V <Vop<4.0V 90 | mA
30-pin produgts: 24V <Vop <27V 18 | mA
Total of P00, P01, P40, P120
(When duty < 70% "'®)
20-, 24-pin products: 40V<Vop<55V 40.0 mA
Note 4
Total of P00 to PO3 ™7, 27V <Vop<4.0V 270 | mA
P10 to P14, P60, P61
24V<Vop<27V 5.4 mA
30-pin products:
Total of P10 to P17, P30, P31, P50,
P51, P60, P61, P147
(When duty < 70% "“°*?)
Total of all pins (When duty < 70%"" ) 655 | mA
loL2 Per pin for P20 to P23 0.4 mA
Total of all pins 1.6 mA

Notes 1. Value of current at which the device operation is guaranteed even if the current flows from an output pin to

the Vss pin.

2. However, do not exceed the total current value.

3. The output current value under conditions where the duty factor < 70%.
If duty factor > 70%: The output current value can be calculated with the following expression (where n
represents the duty factor as a percentage).
o Total output current of pins = (loL x 0.7)/(n x 0.01)
<Example> Where n = 80% and loL = 10.0 mA

Total output current of pins = (10.0 x 0.7)/(80 x 0.01) = 8.7 mA

However, the current that is allowed to flow into one pin does not vary depending on the duty factor. A
current higher than the absolute maximum rating must not flow into one pin.

4. 24-pin products only.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port
pins.

RRENESAS 6



RL78/G12 CHAPTER 29 ELECTRICAL SPECIFICATIONS (G: Ta = —40 to +105°C) (TARGET VALUES)

(TA = —40 to +105°C, 2.4V <Vpp < 5.5V, Vss = 0 V) (3/4)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input voltage, high ViH1 Normal input buffer 0.8Vop Vob \
20-, 24-pin products: P00 to P03"°**?, P10 to P14,
P40 to P42

30-pin products: P00, P01, P10 to P17, P30, P31,
P40, P50, P51, P120, P147

ViH2 TTL input buffer 40V<Vop<55V 2.2 Vop
20-, 24-pin products: P10, P11| 3.3V <Vop<4.0 V 2.0 Vob
30-pin products: P01, P10, 24V <Vop<33V 15 Vob \%
P11, P13 to P17

ViH3 Normal input buffer 0.7Vop Vob \%
P20 to P23

ViH4 P60, P61 0.7Vop 6.0

Vins P121, P122, P125""* P137, EXCLK, RESET 0.8Vop Vop \

Input voltage, low ViLt Normal input buffer 0 0.2Vop \Y

20-, 24-pin products: P00 to P03"°**2, P10 to P14,
P40 to P42

30-pin products: P00, P01, P10 to P17, P30, P31,
P40, P50, P51, P120, P147

Vi TTL input buffer 40V<Vop<55V 0 0.8 \Y
20-, 24-pin products: P10, P11 3.3V <Vop <4.0V 0 0.5
30-pin products: P01, P10, 24V <Vop<33V 0 0.32 \%
P11, P13 to P17
Vis P20 to P23 0 0.3Vop \%
ViLa P60, P61 0 0.3Vop \Y
Vis P121, P122, P125™"? P137, EXCLK, RESET 0 0.2Vop \Y
Output voltage, high VoH1 20-, 24-pin products: 40V<Vop<55V, | Voo-0.7 \%
P00 to PO3"'**% P10 to P14, | lon1 = 3.0 mA
P40 to P42 27V<Voo<55V, | Voo-0.6 v
30-pin products: lon1 = -2.0 mA
P00, P01, P10 to P17, P30, |5 4 v <\pp <55V Voo-0.5 v
P31, P40, P50, P51, P120, lont = —1.5 mA
P147
Vorz P20 to P23 loHz = —100 zA Voo-0.5 \Y

Notes 1. 20, 24-pin products only.
2. 24-pin products only.

Caution The maximum value of Vi1 of pins P10 to P12, P41 for 20-pin products, P01, P10 to P12, P41 for 24-pin
products, and P00, P10 to P15, P17, P50 for 30-pin products is Voo even in N-ch open-drain mode.
High level is not output in the N-ch open-drain mode.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port
pins.
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CHAPTER 29 ELECTRICAL SPECIFICATIONS (G: Ta = —40 to +105°C) (TARGET VALUES)

(TA = —40 to +105°C, 2.4V <Vop < 5.5V, Vss = 0 V) (4/4)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Output voltage, low VoLt 20-, 24-pin products: 40V<Vop<55YV, 0.7 \Y
P00 to PO3"°*, lot1 = 8.5 mA
30-pin products: P00, P01, lot1 = 3.0 mA
P10 to P17, P30, P31, P40, 27V<Von <55V, 0.4 vV
P50, P51, P120, P147 lou1 = 1.5 MA
24V <Vop<55YV, 0.4 \Y
lot1 = 0.6 mA
Vor2 P20 to P23 loL2 = 400 A 0.4 \Y
Vous P60, P61 40V<Vop<55YV, 2.0
lot1 = 15.0 mA
40V<Vop<55V, 0.4 \Y
lo1 = 5.0 mA
27V<Vop<55V, 0.4 \Y,
lot1 = 3.0 mA
24V <Vop<55YV, 0.4 \Y
lo1 =2.0 mA
Input leakage current, ILik Other than P121, | Vi=Vop 1 LA
high P122
ILitz P121, P122 Vi = Voo | Input port or external 1 LA
(X1, X2/EXCLK) clock input
When resonator 10 LA
connected
Input leakage current, It Other than P121, | Vi=Vss -1 LA
low P122
luiLz P121, P122 Vi = Vss | Input port or external -1 LA
(X1, X2/EXCLK) clock input
When resonator -10 LA
connected
On-chip pull-up Ru 20-, 24-pin products: Vi = Vss, input port 10 20 100 kQ
resistance P00 to PO3"",

P10 to P14, P40 to P42,
P125, RESET

30-pin products: P00, P01,
P10 to P17, P30, P31, P40,
P50, P51, P120, P147

Note 24-pin products only.

Remark Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port

pins.
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RL78/G12 CHAPTER 29 ELECTRICAL SPECIFICATIONS (G: Ta = —40 to +105°C) (TARGET VALUES)

29.3.2 Supply current characteristics

(1) 20-, 24-pin products

(Ta = —40 to +105°C, 2.4 V < Voo < 5.5 V, Vss = 0 V) (1/2)
Parameter | Symbol Conditions MIN. | TYP. | MAX. Unit
Supply IoD1 Operating | HS (High-speed | fin = 24 MHZ'"** |Basic Vop=5.0V 1.5 mA
current™** mode main) mode"*** operation | /.~ 30y 15
Normal Voo =5.0V 3.3 5.3 mA
operation | /o, = 3.0 v 33 | 53
fin = 16 MHZ""** Voo =5.0V 25 3.9 mA
Voo =3.0V 2.5 3.9
fux = 20 MHZ'**?, Square wave input 2.8 47 mA
Voo =50V Resonator connection 3.0 4.8
fux = 20 MHZ'"*%, Square wave input 2.8 47 mA
Voo =30V Resonator connection 3.0 4.8
fux = 10 MHZ*?, Square wave input 1.8 2.8 mA
Vo =50V Resonator connection 1.8 2.8
fux = 10 MHZ'*?, Square wave input 1.8 2.8 mA
Vo =30V Resonator connection 1.8 2.8

Notes 1. Total current flowing into Vop, including the input leakage current flowing when the level of the input pin is
fixed to Vop or Vss. The values below the MAX. column include the peripheral operation current. However,
not including the current flowing into the A/D converter, LVD circuit, I/O port, and on-chip pull-up/pull-down
resistors and the current flowing during data flash rewrite.

2. When high-speed on-chip oscillator clock is stopped.
3. When high-speed system clock is stopped
4. Relationship between operation voltage width, operation frequency of CPU and operation mode is as below.
HS(High speed main) mode: Voo =2.7 Vto 5.5V @1 MHz to 24 MHz
Vop=24Vto55V @1 MHzto 16 MHz

Remarks 1. fux: High-speed system clock frequency (X1 clock oscillation frequency or external main system clock
frequency)
2. fin: high-speed on-chip oscillator clock frequency
3. Temperature condition of the TYP. value is Ta = 25°C.

RRENESAS 9



RL78/G12

CHAPTER 29 ELECTRICAL SPECIFICATIONS (G: Ta = —40 to +105°C) (TARGET VALUES)

(1) 20-, 24-pin products

(Ta = —40 to +105°C, 2.4V <Vop < 5.5V, Vss = 0 V) (2/2)
Parameter | Symbol Conditions MIN. TYP. MAX. Unit
Supply Ibb2"®? [HALT | HS (High-speed | fin = 24 MHZ""** Voo =5.0V 440 2230 | uA
current™* mode main) mode ™' Voo = 3.0 V 440 2230
fin = 16 MHZ""** Voo = 5.0V 400 1650 | uA
Voo =3.0V 400 1650
fux = 20 MHZ"***®, | Square wave input 280 1900 | uA
Voo =5.0V Resonator connection 450 2000
fux = 20 MHZ"***®, | Square wave input 280 1900 | uA
Voo =3.0V Resonator connection 450 2000
fux = 10 MHZ"*"®3, | Square wave input 190 1010 | uA
Voo =5.0V Resonator connection 260 1090
fux = 10 MHZ"***®, | Square wave input 190 1010 uA
Voo =3.0V Resonator connection 260 1090
Iops"°® [STOP | Ta=-40°C 0.19 0.50 LA
mode | 1, = +25°C 024 | 050
Ta =+50°C 0.32 0.80
Ta=+70°C 0.48 1.20
Ta =+85°C 0.74 2.20
Ta=+105°C 1.50 10.20
Notes 1. Total current flowing into Voo, including the input leakage current flowing when the level of the input pin is
fixed to Vop or Vss. The values below the MAX. column include the peripheral operation current. However,
not including the current flowing into the A/D converter, LVD circuit, I/O port, and on-chip pull-up/pull-down
resistors and the current flowing during data flash rewrite.
2. During HALT instruction execution by flash memory.
3. When high-speed on-chip oscillator clock is stopped.
4. When high-speed system clock is stopped.
5. Not including the current flowing into the 12-bit interval timer and watchdog timer.
6. Relationship between operation voltage width, operation frequency of CPU and operation mode is as below.
HS(High speed main) mode: Voo =2.7 Vto 5.5V @1 MHz to 24 MHz
Vob=24Vto55V @1 MHzto 16 MHz
Remarks 1. fux: High-speed system clock frequency (X1 clock oscillation frequency or external main system clock

frequency)
2. fiH: high-speed on-chip oscillator clock frequency
3. Except STOP mode, temperature condition of the TYP. value is Ta = 25°C
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RL78/G12 CHAPTER 29 ELECTRICAL SPECIFICATIONS (G: Ta = —40 to +105°C) (TARGET VALUES)

(2) 30-pin products

(Ta = —40to +105°C, 2.4 V < Vpp £ 5.5V, Vss = 0 V) (1/2)
Parameter | Symbol Conditions MIN. | TYP. | MAX. Unit
Supply I Operating |HS (High- | fn=24 MHZ""** |Basic Vob=5.0V 15 mA
current*® ! mode speed main) operation |\~ 30y 15
mode
Normal | Voo =5.0V 3.7 5.8 mA
operation | vp = 3.0 v 37 | 58
fin = 16 MHZ""** Voo = 5.0V 2.7 4.2 mA
Voo =3.0V 2.7 4.2
fux = 20 MHZ'**?, Square wave input 3.0 4.9 mA
Voo =50V Resonator connection 3.2 5.0
fux = 20 MHZ*?, Square wave input 3.0 4.9 mA
Voo =30V Resonator connection 3.2 5.0
fux = 10 MHZ""®?, Square wave input 1.9 2.9 mA
Voo =50V Resonator connection 1.9 2.9
fux = 10 MHZ""®?, Square wave input 1.9 2.9 mA
Voo =30V Resonator connection 1.9 2.9

Notes 1. Total current flowing into Vopb, including the input leakage current flowing when the level of the input pin is
fixed to Vop or Vss. The values below the MAX. column include the peripheral operation current. However,
not including the current flowing into the A/D converter, LVD circuit, 1/O port, and on-chip pull-up/pull-down
resistors and the current flowing during data flash rewrite.

2. When high-speed on-chip oscillator clock is stopped.
3. When high-speed system clock is stopped
4. Relationship between operation voltage width, operation frequency of CPU and operation mode is as below.
HS(High speed main) mode: Voo =2.7 Vto 5.5V @1 MHz to 24 MHz
Voo =24Vt055V @1 MHzto 16 MHz

Remarks 1. fux: High-speed system clock frequency (X1 clock oscillation frequency or external main system clock
frequency)
2. fiH: high-speed on-chip oscillator clock frequency
3. Temperature condition of the TYP. value is Ta = 25°C.
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CHAPTER 29 ELECTRICAL SPECIFICATIONS (G: Ta = —40 to +105°C) (TARGET VALUES)

(2) 30-pin products

(Ta = —40 to +105°C, 2.4V <Vop < 5.5V, Vss = 0 V) (2/2)
Parameter | Symbol Conditions MIN. TYP. MAX. Unit
Supply Ioo2"®? |HALT | HS (High-speed | fin = 24 MHZ"""®* Vob = 5.0 V 440 2300 | wA
current "**¢* mode | main) mode"**® Voo = 3.0 V 440 2300
fin = 16 MHZ""** Voo = 5.0V 400 1700 | A
Voo =3.0V 400 1700
fux = 20 MHZ"***®, | Square wave input 280 1900 | A
Voo =5.0V Resonator connection 450 2000
fux = 20 MHZ"***®, | Square wave input 280 1900 | A
Voo =3.0V Resonator connection 450 2000
fux = 10 MHZ"*"®3, | Square wave input 190 1020 | uA
Voo =5.0V Resonator connection 260 1100
fux = 10 MHZ"®, | Square wave input 190 1020 LA
Voo =3.0V Resonator connection 260 1100
Ioos"**®® | STOP | Ta=-40°C 0.18 0.50 LA
mode | 1, = 425°C 023 | 050
Ta=+50°C 0.30 1.10
Ta=+70°C 0.46 1.90
Ta=+85°C 0.75 3.30
Ta=+105°C 2.94 15.30
Notes 1. Total current flowing into Vopb, including the input leakage current flowing when the level of the input pin is
fixed to Vop or Vss. The values below the MAX. column include the peripheral operation current. However,
not including the current flowing into the A/D converter, LVD circuit, /0 port, and on-chip pull-up/pull-down
resistors and the current flowing during data flash rewrite.
2. During HALT instruction execution by flash memory.
3. When high-speed on-chip oscillator clock is stopped.
4. When high-speed system clock is stopped.
5. Not including the current flowing into the 12-bit interval timer and watchdog timer.
6. Relationship between operation voltage width, operation frequency of CPU and operation mode is as below.
HS (High speed main) mode: Voo =2.7 V t0 5.5V @1 MHz to 24 MHz
Vob=24Vto55V @1 MHzto 16 MHz
Remarks 1. fux: High-speed system clock frequency (X1 clock oscillation frequency or external main system clock

2. fiH: high-speed on-chip oscillator clock frequency
3. Except STOP mode, temperature condition of the TYP. value is Ta = 25°C.

frequency)
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RL78/G12 CHAPTER 29 ELECTRICAL SPECIFICATIONS (G: Ta = —40 to +105°C) (TARGET VALUES)

(3) Peripheral functions (Common to all products)
(TA=-40t0 +105°C, 2.4V <Vpopb <55V, Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Low-speed onchip Nt 0.20 LA
oscillator operating
current
12-bit interval timer ITvka 0.02 LA

operating current

Notes 1, 2,3

Watchdog timer Ilwot fi =15 kHz 0.22 LA
operating current

Notes 1, 2, 4

A/D converter lanc When conversion Normal mode, AVRrerp = Vop = 5.0 V 1.30 1.70 mA
operating current

Notes 1, 5 :
at maximum speed | | o\ yoltage mode, 050 | 0.70 mA

AVrerp = Vob = 3.0V

A/D converter Inorer "¢ 1 75.0 LA
reference voltage
operation current

Temperature sensor | lrues " 75.0 LA
operating current

LVD operating current | l.vp 0.08 LA
Notes 1, 6
Self-programming Irsp 2.00 12.20 mA
operating current Notes 1,8
BGO operating lsco 2.00 | 12.20 mA
current Notes 1,7
SNOOZE operating Isnoz™* " | ADC operation The mode is performed *¢® 0.50 1.10 mA
current The A/D conversion operations are 1.20 2.04 mA
performed, Low voltage mode, AVrerp
=Voo=3.0V
CSI/UART operation 0.70 1.54 mA
Notes 1. Current flowing to the Vop.
2. When high speed on-chip oscillator and high-speed system clock are stopped.
3. Current flowing only to the 12-bit interval timer (excluding the operating current of the low-speed on-chip
oscillator). The supply current of the RL78 microcontrollers is the sum of the values of Ibp1, Iop2 or Iops and
Itmka and IFiL when the 12-bit interval timer operates.
4. Current flowing only to the watchdog timer (including the operating current of the low-speed on-chip oscillator).
The current value of the RL78 microcontrollers is the sum of lob1, Iop2 or Ipps and Ilwot when the watchdog timer
operates.
5. Current flowing only to the A/D converter. The supply current of the RL78 microcontrollers is the sum of the
values of lop1 or Iop2 and labc when the A/D converter operates in an operation mode or the HALT mode.
6. Current flowing only to the LVD circuit. The supply current of the RL78 microcontrollers is the sum of the
values of lob1, Ibpb2 or Ibps and ILvo when the LVD circuit is in operation.
7. Current flowing only during data flash rewrite.
8. Current flowing only during self programming.
9. Refer to shift time to the SNOOZE mode, see 17.2.3 SNOOZE mode.

Remarks 1. fi:  Low-speed on-chip oscillator clock frequency

2. Temperature condition of the TYP. value is Ta = 25°C

RRENESAS 13



RL78/G12

CHAPTER 29 ELECTRICAL SPECIFICATIONS (G: Ta = —40 to +105°C) (TARGET VALUES)

29.4 AC Characteristics

(TA=-401t0 +105°C, 2.4V <Vppb<5.5V, Vss=0V)

ltems Symbol Conditions MIN. TYP. MAX. Unit
Instruction cycle (minimum | Tey Main system HS (High- 27V <Vop<55V 0.04167 1 us
instruction execution time) clock (fmaiN) speed main) | 5 4 v <vpp<2.7V 0.0625 1 s
operation mode
During self HS (High- 2.7V <Vop<55V 0.04167 1 S
programming | speed main) | 5 4y <vpp <27V | 0.0625 1 s
mode
External main system clock | fex 2.7V <Vop<55V 1.0 20.0 MHz
frequency 24V<Vop<27V 1.0 16.0 | MHz
External main system clock | texn, texe | 2.7V <Vop<5.5V 24 ns
input high-level width, low- 24V <Vop< 27V 30 ns
level width
TIOO to TIO7 input high-level | trm, tr 1/fuck + ns
width, low-level width 10
TOO0O to TOO7 output fro 40V<Vop<55V 12 MHz
frequency 27V<Voo<4.0V 8 MHz
24V <Vop<27V 4 MHz
PCLBUZ0, or PCLBUZ1 froL 40V<Vop<55V 16 MHz
output frequency 27V<Vop<4.0V 8 MHz
24V <Vop<27V 4 MHz
INTPO to INTP5 input high- | tinth, tinte 1 us
level width, low-level width
KRO to KR9 input available R 250 ns
width
RESET low-level width tRsL 10 us

Remark

fmek: Timer array unit operation clock frequency

(Operation clock to be set by the CKSOn bit of timer mode register On (TMROR), and the Timer clock select

register 0 (TPSO0). n: Channel number (n = 0 to 7))

RRENESAS
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RL78/G12 CHAPTER 29 ELECTRICAL SPECIFICATIONS (G: Ta = —40 to +105°C) (TARGET VALUES)

Minimum Instruction Execution Time during Main System Clock Operation

Tcy vs Vobp (HS (high-speed main) mode)

1.0

1 —— When the high-speed on-chip oscillator clock is selected

i ——— During self programming

j —-—- When high-speed system clock is selected

Cycle time Tcv [us]

0.1

0.0625 -

0.04167 fooce--

—_— |

T
1
1
1

0.01

0 1

AC Timing Test Point

0 201! 30 40

2427

Supply voltage Voo [V]

5.0 6.0

ViH/Vor
Vi/Vou

ViH/Von
e X
i/Vou

External main system clock timing

EXCLK

1/fex

N

[ tex.. —— texH
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RL78/G12 CHAPTER 29 ELECTRICAL SPECIFICATIONS (G: Ta = —40 to +105°C) (TARGET VALUES)

TITO timing

tri trH

TIOO to TIO7

1/fro

TOO00 to TO07 \

Interrupt Request Input Timing

tiNTL
INTPO to INTP5 \

Key Interrupt Input Timing

tiINTH

RESET input timing

trsL

RESET

tkr
KRO to KR9 l
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RL78/G12 CHAPTER 29 ELECTRICAL SPECIFICATIONS (G: Ta = —40 to +105°C) (TARGET VALUES)

29.5 Peripheral Functions Characteristics

AC Timing Test Point

ViH/Vor Vin/Vor
Test points
Vi/Vou > pol < Vi/Vou

29.5.1 Serial array unit

(1) During communication at same potential (UART mode)
(TA=-40to +105°C, 2.4V <Vop <55V, Vss=0V)

Parameter Symbol Conditions HS (high-speed main) Mode Unit
MIN. MAX.
Transfer rate™*®* fuck/12 bps
Theoretical value of the maximum transfer rate 2.0 Mbps
fok = fuckN'®?

Notes 1. Transfer rate in the SNOOZE mode is 4800 bps only.
2. The maximum operating frequencies of the CPU/peripheral hardware clock (fcLk) are:
HS (high-speed main) mode: 24 MHz (2.7 V <Vbp< 5.5 V)
16 MHz (2.4 V <Vop<5.5V)

Caution Select the normal input buffer for the RxDqg pin and the normal output mode for the TxDq pin by
using port input mode register g (PIMg) and port output mode register g (POMQ)

UART mode connection diagram (during communication at same potential)

TxDq Rx

RL78

’ User's device
microcontroller

RxDq Tx

UART mode bit width (during communication at same potential) (reference)

1/Transfer rate

High-/Low-bit width

Baud rate error tolerance

TxDq
RxDq

Remarks 1. q: UART number (q = 0 to 2), g: PIM, POM number (g =0, 1)
2. fmck: Serial array unit operation clock frequency

(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn), and the Serial clock
select register m (SPSm). m: Unit number, n: Channel number (mn = 00 to 03, 10, 11))

RRENESAS 7



RL78/G12 CHAPTER 29 ELECTRICAL SPECIFICATIONS (G: Ta = —40 to +105°C) (TARGET VALUES)

(2) During communication at same potential (CSI mode) (master mode, SCKp... internal clock output)

(Ta=-40to +105°C, 24V <Vop <55V, Vss =0 V)

Parameter Symbol Conditions HS (high-speed main) Mode Unit
MIN. MAX.

SCKop cycle time tkevi tkevt > 4ffck 27V<Vop<55V 334 ns
24V <Vop<55V 500 ns

SCKp high-/low-level width tkH1, 40V<Vop<55V tkey1/2-24 ns
trLt 27V<Vop<55V tkey1/2-36 ns

24V <Vop<55V tkey1/2-76 ns

Slp setup time (to SCKpT) M©* tsik1 40V<Vop<55V 66 ns
2.7V <Vopo<55V 66 ns

24V <Vop<55V 113 ns

Slp hold time (from SCKpT) M2 tisit 38 ns
Delay time from SCKp{ to tksor C =30 pF "o 50 ns

Note 3

SOp output

Notes 1. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp setup time becomes “to
SCKp{” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

2. When DAPmMn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp hold time becomes “from
SCKpY{” 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.

becomes “from SCKp®T” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.
4. Cis the load capacitance of the SCKp and SOp output lines.

The delay time to SOp output

Caution Select the normal input buffer for the Sip pin and the normal output mode for the SOp and SCKp pins
by using port input mode registers 1 (PIM1) and port output mode registers 0, 1, 4 (POMO, POM1,

POMA4).

Remarks 1. p: CSI number (p =00, 01, 11, 20), m: Unit number (m = 0, 1), n: Channel number (n =0, 1, 3)

2. fmck: Serial array unit operation clock frequency

(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn), and the Serial clock
select register m (SPSm). m: Unit number (m = 0, 1), n: Channel number (n =0, 1, 3)

RRENESAS
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RL78/G12

CHAPTER 29 ELECTRICAL SPECIFICATIONS (G: Ta = —40 to +105°C) (TARGET VALUES)

(3) During communication at same potential (CSI mode) (slave mode, SCKp... external clock input)
(TA=-40to +105°C, 2.4V <V <55V, Vss=0V)

Parameter Symbol Conditions HS (high-speed main) Mode Unit
MIN. MAX.
SCKp cycle time "' trevz 40V<Vop<55V 20 MHz < fuck 16/fuck ns
fmek < 20 MHz 12/fmek ns
27V<Vop<55V 16 MHz < fvek 16/fmck ns
fmek < 16 MHz 12/fmek ns
24V <Vop<55V 12/fmek ns
and 1000
SCKp high-/low-level width | tkHz, 40V<Vop<55V tkey2/2-14 ns
tkiL2 2.7V <Vopb<55V tkey2/2-16 ns
24V <Vop<55V tkev2/2-36 ns
Slp setup time (to SCKpT) | tsiz 27V <Vb<55V 1/fmck + 40 ns
el 24V <Voo<55V 1/fuck + 60 ns
Slp hold time tksi2 1/fmek + 62 ns
(from SCKpT) "o'¢?
Delay time from SCKp! to | tksoz C =30 pF N 27V<Vopb<55V 2ffvck + 66 ns
SOp output "*** 24V <Voo <55V ok + 113 | s
Notes 1. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp setup time becomes “to
SCKp{” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.
2. When DAPmMn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp hold time becomes “from
SCKpl” 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 delay time to SOp output
becomes “from SCKpT” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.
4. Cis the load capacitance of the SOp output lines.
5. Transfer rate in the SNOOZE mode: MAX. 1 Mbps
Caution Select the normal input buffer for the Slp pin and the normal output mode for the SOp and SCKp pins

by using port input mode registers 1 (PIM1) and port output mode registers 0, 1, 4 (POMO, POM1,
POM4).

CSI mode connection diagram (during communication at same potential)

SCK SCK
) RL78 Slp SO User's device
microcontroller

SOp Sl

(Remarks are listed on the next page.)
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RL78/G12 CHAPTER 29 ELECTRICAL SPECIFICATIONS (G: Ta = —40 to +105°C) (TARGET VALUES)

CSI mode serial transfer timing (during communication at same potential)
(When DAPmMn =0 and CKPmn =0, or DAPmn =1 and CKPmn =1.)

trort,2

tr1.2 tiH1,2

w0\

-

tski,2 tksi1,2

Sp Input data

]

tksot,2

SOp ; Output data ><

CSI mode serial transfer timing (during communication at same potential)
(When DAPmn =0 and CKPmn = 1, or DAPmn = 1 and CKPmn =0.)

ket 2

tret.2 k2

0 4/—{

tsk1,2 tkait,2

Sp Input data

tksot,2

SOp Output data ><

Remarks 1. p: CSl number (p = 00, 01, 11, 20), m: Unit number (m = 0, 1), n: Channel number (n =0, 1, 3)
2. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn), and the Serial clock
select register m (SPSm). m: Unit number (m =0, 1), n: Channel number (n =0, 1, 3))
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RL78/G12

CHAPTER 29 ELECTRICAL SPECIFICATIONS (G: Ta = —40 to +105°C) (TARGET VALUES)

(4) During communication at same potential (simplified 1’c mode)
(Ta=-40to +105°C, 2.4V <V <55V, Vss =0 V)

Parameter Symbol Conditions HS (high-speed main) Mode Unit
MIN. MAX.
SCLr clock frequency fscL Cb =100 pF, Ro = 3 kQ 100 Noet kHz
Hold time when SCLr = “L” tLow Cb =100 pF, Ro = 3 kQ 4600 ns
Hold time when SCLr = “H” tHiGH Cb =100 pF, Ro = 3 kQ 4600 ns
Data setup time (reception) tsu:DAT Cb =100 pF, Ro = 3 kQ 1/fuck + 580 NOte 2 ns
Data hold time (transmission) tHD:DAT Cb =100 pF, Ro = 3 kQQ 0 1420 ns

Notes 1. The value must also be equal to or less than fmck/4.
2. Set the tsuoat value to keep the hold time of SCLr = "L" and SCLr = "H".

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

h (POMh).

Simplified I°C mode connection diagram (during communication at same potential)

Vob

.

SDAr SDA

RL78

. User's device
microcontroller

SCLr SCL

Simplified I°C mode serial transfer timing (during communication at same potential)

1/scL

tLow tHiGH

\ /

tHD:DAT tsu:paT

Remarks 1. Ro [Q]:Communication line (SDAr) pull-up resistance,
Cb [F]: Communication line (SCLr, SDAr) load capacitance
2. r:1IC number (r = 00, 01, 11, 20), h: = POM number (h =0, 1, 4, 5)
3. fmek: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn), and the Serial clock

select register m (SPSm). m: Unit number (m = 0, 1), n: Channel number (0, 1, 3))
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RL78/G12

CHAPTER 29 ELECTRICAL SPECIFICATIONS (G: Ta = —40 to +105°C) (TARGET VALUES)

(5) Communication at different potential (1.8 V, 2.5V, 3 V) (UART mode)
(TA=-40to +105°C, 2.4V <V <55V, Vss=0V)

Parameter Symbol Conditions HS (high-speed main) Unit
Mode
MIN. MAX.
Transfer Reception 40V<Vop<55V,27V<Vb<4.0V fmex/12 bps
rate Note4 Notel
Theoretical value of the maximum 2.0 Mbps
transfer rate
Note2
fvek = fok
27V<Vop<4.0V,23V<Ve<27V fmck/12 bps
Notel
Theoretical value of the maximum 2.0 Mbps
transfer rate
fmek = fcu(NOtez
24V <Vop<33V,16V<Ve<20V fmck/12 bps
Notes1, 2
Theoretical value of the maximum 2.0 Mbps
transfer rate
fmek = fc:LKNOtez
Transmission 40V<Vop<55V,27V<Vb<4.0V Note 3 bps
Theoretical value of the maximum 2.0 Mbps
transfer rate Note 4
Co=50pF,Ro=14kQ, Vb=27V
27V<Vop<40V,23V<Vp<27V, Note 5 bps
Theoretical value of the maximum 1.2 Mbps
transfer rate Note 6
Co=50pF, Ro=2.7kQ, Vb =2.3V
24V <Vop<33V,1.6V<Ve<20V Note 7 bps
Theoretical value of the maximum 0.43 Mbps
transfer rate Note 8
Cb=50pF,Ro =55k, Vb=16V
Notes 1. Transfer rate in the SNOOZE mode is 4800 bps only.
2. The maximum operating frequencies of the CPU/peripheral hardware clock (fcLk) are:
HS (high-speed main) mode: 24 MHz (2.7 V <Vbob <5.5V)
16 MHz (2.4 V <Vbob <5.5V)
22
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RL78/G12 CHAPTER 29 ELECTRICAL SPECIFICATIONS (G: Ta = —40 to +105°C) (TARGET VALUES)

3. The smaller maximum transfer rate derived by using fuck/12 or the following expression is the valid
maximum transfer rate.

Expression for calculating the transfer rate when 4.0 V<Vob<55Vand 2.7V <Vb<4.0V

1

Maximum transfer rate = ) [bps]
{~Cox RbxIn (1- Vo N x3
1 2.2
Transferrate x 2 {=CoxRoxIn (1-—y, )}
Baud rate error (theoretical value) = 1 x 100 [%]

(m) x Number of transferred bits

* This value is the theoretical value of the relative difference between the transmission and reception sides.
4. This value as an example is calculated when the conditions described in the “Conditions” column are met.
Refer to Note 3 above to calculate the maximum transfer rate under conditions of the customer.
5. The smaller maximum transfer rate derived by using fuck/12 or the following expression is the valid
maximum transfer rate.

Expression for calculating the transfer rate when 2.7V <Vop <4.0Vand 23V <Vb<2.7V

1
Maximum transfer rate = [bps]

2.0
{-CoxRoxIn(1-—5 ) x3

1 2.0
Transfer rate x 2~ {=CoxRoxIn (1 -=, )}

1 x 100 [%]
(m) x Number of transferred bits

Baud rate error (theoretical value) =

* This value is the theoretical value of the relative difference between the transmission and reception sides.

6. This value as an example is calculated when the conditions described in the “Conditions” column are met.
Refer to Note 5 above to calculate the maximum transfer rate under conditions of the customer.

7. The smaller maximum transfer rate derived by using fuck/12 or the following expression is the valid
maximum transfer rate.

Expression for calculating the transfer rate when 2.4V <Vop <3.3V, 16 V<Vb <20V

1
Maximum transfer rate = 15 [bps]
{~Cbx RbxIn(1- V-b )} %3

1 1.5
Transferrate x 2~ {=CoxRoxn (1=, =)}

1 x 100 [%]
(m) x Number of transferred bits

Baud rate error (theoretical value) =

* This value is the theoretical value of the relative difference between the transmission and reception sides.

8. This value as an example is calculated when the conditions described in the “Conditions” column are met.
Refer to Note 7 above to calculate the maximum transfer rate under conditions of the customer.

Caution Select the TTL input buffer for the RxDq pin and the N-ch open drain output (Voo tolerance) mode for

the TxDq pin by using port input mode register g (PIMg) and port output mode register g (POMg).
For ViHand Vi, see the DC characteristics with TTL input buffer selected.
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RL78/G12 CHAPTER 29 ELECTRICAL SPECIFICATIONS (G: Ta = —40 to +105°C) (TARGET VALUES)

UART mode connection diagram (during communication at different potential)

% Rb
TxDq Rx

RL78

. User's device
microcontroller

RxDq Tx

UART mode bit width (during communication at different potential) (reference)

1/Transfer rate

Low-bit width
High-bit width

Baud rate error tolerance

o

g /

K pd

1/Transfer rate

High-/Low-bit width

Baud rate error tolerance

RxDq <

Remarks 1. Rb[Q]: Communication line (TxDq) pull-up resistance, Co[F]: Communication line (TxDq) load capacitance,

Vb[V]: Communication line voltage

2. g: UART number (q = 0 to 2), g: PIM and POM number (g =0, 1)

3. fuck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn), and the Serial clock
select register m (SPSm). m: Unit number, n: Channel number (mn = 00 to 03, 10, 11))

4. UARTO in 20-, 24-pin products is valid the communication at different potential only when peripheral 1/O
redirect function is not used.
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RL78/G12 CHAPTER 29 ELECTRICAL SPECIFICATIONS (G: Ta = —40 to +105°C) (TARGET VALUES)

(6) Communication at different potential (1.8 V, 2.5V, 3V) (CSI mode) (master mode, SCKp... internal clock
output) (1/3)
(TA=-40to +105°C, 2.4V <Voo<Vop <55V, Vss =0 V)

Parameter Symbol Conditions HS (high-speed main) Mode Unit
MIN. MAX.
SCKp cycle time tkev1 tkey1 > 4/fcik 40V<Vopb<55YV, 600 ns

27V<Vb<4.0V,
Cb =30 pF, Ro = 1.4 kQ
27V<Vop<4.0V, 1000 ns
23V<Vb<27V,
Cb =30 pF, Ro = 2.7 kQ
24V<Vop<33V, 2300 ns
16V<Ve<20V,
Cb =30 pF, Ro = 5.5 kQ

SCKp high-level width tkH1 40V<Vop<55V,27V<Vb<4.0V, tkey1/2 —150 ns
Cb =30 pF, Ro = 1.4 kQ
27V<Vop<4.0V,23V<Vb<27V, tkey1/2 —340 ns

Cb =30 pF, Ro = 2.7 kQ

24V <Vop<33V,16V<Ve<20V, tkev1/2 —916 ns
Cb = 30 pF, Ro = 5.5 kQ

SCKp low-level width trL 40V<Vop<55V,27V<Ve<4.0V, tkev1/2 —24 ns
Cb =30 pF, Ro = 1.4 kQ

27V<Vop<4.0V,23V<Ve<27V, tkev1/2 36 ns
Cb =30 pF, Ro = 2.7 kQ

24V<Vop<33V,16V<Ve<20V, tkey1/2 —100 ns
Cb = 30 pF, Ro = 5.5 kQ

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

2. Communication at different potential is not allowed in CSI01, CSI11.

Remarks 1. Rb [Q]: Communication line (SCKp, SOp) pull-up resistance, Cb [F]: Communication line (SCKp, SOp)
load capacitance, Vb [V]: Communication line voltage
2. p: CSl number (p = 00, 20)
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RL78/G12 CHAPTER 29 ELECTRICAL SPECIFICATIONS (G: Ta = —40 to +105°C) (TARGET VALUES)

(6) Communication at different potential (1.8 V, 2.5V, 3V) (CSI mode) (master mode, SCKp... internal clock
output) (2/3)
(Ta=-40to +105°C, 2.4V <V <55V, Vss =0 V)

Parameter Symbol Conditions HS (high-speed main) Mode Unit
MIN. MAX.
Slp setup time (to SCKpT) | tsit 40V<Vop<55V,27V<Vb<4.0V, 162 ns
Note Cb =30 pF, Ro = 1.4 kQ
27V<Vop<4.0V,23V<Ve<27V, 354 ns
Cb =30 pF, R = 2.7 kQ
24V <Vop<33V,1.6V<Ve<20V, 958 ns
Cb =30 pF, Ro = 5.5 kQ
Slp hold time tksit 40V<Vop<55V,27V<Vb<4.0V, 38 ns
(from SCKpT) "' Cb =30 pF, Ro = 1.4 kQ
27V<Vop<4.0V,23V<Ve<27V, 38 ns
Cb =30 pF, Ro = 2.7 kQ
24V <Vop<33V,1.6V<Ve<20V, 38 ns
Cb =30 pF, Ro = 5.5 kQ
Delay time from SCKp{ to | tksor 40V<Vop<55V,27V<Vb<4.0V, 200 ns
SOp output "°*© Cb =30 pF, Ro = 1.4 kQ
27V<Vop<4.0V,23V<Ve<27V, 390 ns
Cb =30 pF, Ro = 2.7 kQ
24V <Vop<33V,1.6V<Ve<20V, 966 ns
Cb =30 pF, Ro = 5.5 kQ

Note When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.

(Cautions and Remarks are listed on the next page.)
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RL78/G12 CHAPTER 29 ELECTRICAL SPECIFICATIONS (G: Ta = —40 to +105°C) (TARGET VALUES)

(6) Communication at different potential (1.8 V, 2.5V, 3V) (CSI mode) (master mode, SCKp... internal clock
output) (3/3)
(Ta=-40to +105°C, 2.4V <V <55V, Vss =0 V)

Parameter Symbol Conditions HS (high-speed main) Mode Unit
MIN. MAX.
Slp setup time (to SCKpy) | tsii 40V<Vp<55V,27V<Vb<4.0V, 88 ns
Note Cb =30 pF, Ro = 1.4 kQ
27V<Vop<4.0V,23V<Vb<27V, 88 ns
Cb =30 pF, Ro = 2.7 kQ
24V <Vop<33V,1.6V<Ve<20V, 220 ns
Cb =30 pF, Ro = 5.5 kQ
Slp hold time tksit 40V<Vop<55V,27V<Vb<4.0V, 38 ns
(from SCKp) "' Cb =30 pF, Ro = 1.4 kQ
27V<Vop<4.0V,23V<Ve<27V, 38 ns
Cb =30 pF, Ro = 2.7 kQ
24V <Vop<33V,1.6V<Ve<20V, 38 ns
Cb =30 pF, Ro = 5.5 kQ
Delay time from SCKpT to | tksor 40V<Vp<55V,27V<Vb<4.0V, 50 ns
SOp output "°*© Cb =30 pF, Ro = 1.4 kQ
27V<Vop<4.0V,23V<Ve<27V, 50 ns
Cb =30 pF, Ro = 2.7 kQ
24V<Vop<33V,1.6V<Vb<20V, 50 ns
Cb =30 pF, Ro = 5.5 kQ

Note When DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

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

2. Communication at different potential is not allowed in CSI01, CSI11.

Remarks 1. Rb [Q]: Communication line (SCKp, SOp) pull-up resistance, Co [F]: Communication line (SCKp, SOp)
load capacitance, Vb [V]: Communication line voltage

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

CSI mode connection diagram (during communication at different potential)

<Master> Vo Vo
g Ro % Rb
SCKp ¢ SCK
RL78 . ‘
microcontroller ~ S'P SO  User's device
SOp Sl
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CSI mode serial transfer timing (master mode) (during communication at different potential)
(When DAPmMn =0 and CKPmn =0, or DAPmn =1 and CKPmn = 1)

tkev2

tk2 tkH2
/
SCKp 3
tsik2 tksi2
Slp Input data
tkso2
SOp Output data

CSI mode serial transfer timing (master mode) (during communication at different potential)
(When DAPmn =0 and CKPmn =1, or DAPmn =1 and CKPmn =0.)

tkev

tkH Lt

SCKp _/ \ 7/

tsik1 kst

Slp Input data

tkso1

SOp Output data

Remark p: CSI number (p = 00, 20), m: Unit number (m = 0, 1), n: Channel number (n = 0)
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(7) Communication at different potential (1.8 V, 2.5V, 3V) (CSI mode) (slave mode, SCKp... external clock input)
(TA=-40to +105°C, 2.4V <Vop <55V, Vss=0V)

Parameter Symbol Conditions HS (high-speed main) Unit
Mode
MIN. MAX.
SCKp cycle time "°** trevz 40V<Vop<55V, 20 MHz < fuck < 24 MHz 24/fuck ns
27V<Ve<40V 8 MHz < fueck <20 MHz 20/fmck ns
4 MHz < fuek < 8 MHz 16/fmck ns
fuck <4 MHz 12/fmck ns
27V<Vop<4.0V, 20 MHz < fuck < 24 MHz 32/fmck ns
23V<Wb<27V 16 MHz < fuck <20 MHz 28/fmck ns
8 MHz < fueck <16 MHz 24/fmck ns
4 MHz < fuek < 8 MHz 16/fmck ns
fuek <4 MHz 12/fmck ns
24V <Vop<33V, 20 MHz < fuck < 24 MHz 72/fmck ns
16V<Vb<20V 16 MHz < fuck <20 MHz 64/fmck ns
8 MHz < fuck <16 MHz 52/fuck ns
4 MHz < fuek < 8 MHz 32/fmek ns
fueck <4 MHz 20/fmck ns
SCKp high-/low-level tKkH2, 40V<Vop<55V,27V<Vb<4.0V tkev2/2 — 24 ns
width iz 27V<Vop<4.0V,23V<Ve<27V tkevz/2 — 36 ns
24V <Vop<33V,16V<Vb<20V tkey2/2 — 100 ns
Slp setup time tsikz 40V<Vop<55V,27V<Vb<4.0V 1ffve + 40 ns
(to SCKpT) "? 27V<Voo<40V,23V<Vo<27V 1w+ 40 ns
24V <Vop<33V,16V<WVb<20V 1/ + 60 ns
Slp hold time tksi2 1ffvex + 62 ns
(from SCKpT) "*¢®
Delay time from SCKp\{ to | tksoz 40V<Vop<55V,27V<Vb<4.0V, 2/fmek + ns
SOp output N*¢* Cb =30 pF, Ro= 1.4 kO 240
27V<Vop<40V,23V<Vb<27V, 2/fmek + ns
Cb =30 pF, Ro = 2.7 kQ 428
24V<Vop<33V,16V<Vb<20V, 2/fmek + ns
Cb =30 pF, Ro = 5.5 kQ 1146

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 Slp setup time becomes “to

SCKpl” 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 Slp 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

The delay time to SOp output
becomes “from SCKpT” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

Cautions 1. Select the TTL input buffer for the Slp pin and SCKp pin, and the N-ch open drain output (Vob
tolerance) mode for the SOp pin by using port input mode register 1 (PIM1) and port output mode

register 1 (POM1). For ViHand Vi, see the DC characteristics with TTL input buffer selected.
2. Communication at different potential is not allowed in CSI01, CSI11.

(Remarks are listed on the next page.)
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CSI mode connection diagram (during communication at different potential)

<Slave> Vb
§ Rb
SCKp SCK
RL78 . )
microcontroller ~ SIP SO  User's device
SOp ]

CSI mode serial transfer timing (slave mode) (during communication at different potential)
(When DAPmn =0 and CKPmn =0, or DAPmn = 1 and CKPmn =1.)

tkev

kL KH1

SCKp \ .

tsik tksi

Slp Input data

tkso1

SOp Output data

Remarks 1. Ro [Q]: 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. fwmck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn), and the Serial clock
select register m (SPSm). m: Unit number, n: Channel number (mn = 00, 10))
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CSI mode serial transfer timing (slave mode) (during communication at different potential)
(When DAPmMn =0 and CKPmn =1, or DAPmn =1 and CKPmn =0.)

tkev2

tk2 tkH2
/
SCKp 3
tsik2 tksi2
Slp Input data
tkso2
SOp Output data

Remark p: CSI number (p = 00, 20), m: Unit number (m = 0, 1), n: Channel number (n = 0)
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(8) Communication at different potential (1.8 V, 2.5V, 3V) (simplified ’C mode)
(Ta=-40to +105°C, 2.4V <Vop <55V, Vss=0V)

Parameter Symbol Conditions HS (high-speed main) Unit
Mode
MIN. MAX.
SCLr clock frequency fscL 40V<Vop<55V,27V<Vb<40V, 100"t kHz
Cb = 100 pF, Ro = 2.8 kQ
27V<Vop<4.0V,23V<Vo<27V, 100Nt kHz
Cb = 100 pF, Ro = 2.7 kQ
24V<Vop<33V,16V<Vb<20V, 100"t kHz
Cb = 100 pF, Ro = 5.5 kQ
Hold time when SCLr = “L” tLow 40V<Vop<55V,27V<Vb<4.0V, 4600 ns
Cb = 100 pF, Ro = 2.8 kQ
27V<Vop<4.0V,23V<Vb<27V, 4600 ns
Cb =100 pF, Ro = 2.7 kQ
24V<Vop<33V,16V<Vb<20V, 4650 ns
Cb = 100 pF, Ro = 5.5 kQ
Hold time when SCLr = “H” thicH 40V<Vop<55V,27V<Vo<4.0V, 2700 ns
Cb = 100 pF, Ro = 2.8 kQ
27V<Vop<4.0V,23V<Vb<27V, 2400 ns
Cb = 100 pF, Ro = 2.7 kQ
24V<Vop<33V,16V<Vb<20V, 1830 ns
Cb = 100 pF, Ro = 5.5 kQ
Data setup time (reception) tsu:DAT 40V<Vop<55V,27V<Vb<4.0V, 1/fmek ns
Cb =100 pF, Ro = 2.8 kQ + 760 Nt
27V<Vop<40V,23V<V<27V, 1/fmex ns
Cb = 100 pF, Ro = 2.7 kQ + 760 N
24V<Vop<33V,16V<Vb<20V, 1/fuck ns
Note2
Cb = 100 pF, Ro = 5.5 kQ +570
Data setup time (transmission)” | tHppat 40V <Vop<55V,27V<Vb<4.0V, 0 1420 ns
Cb = 100 pF, Ro = 2.8 kQ
27V<Vop<4.0V,23V<Vo<27V, 0 1420 ns
Cb = 100 pF, Ro = 2.7 kQ
24V<Vop<33V,16V<Vb<20V, 0 1215 ns
Cb =100 pF, Ro = 5.5 kQ

Notes 1. The value must also be equal to or less than fuck/4.
2. Set the tsupar value to keep the hold time of SCLr ="L" and SCLr = "H".

Cautions 1. Select the TTL input buffer and the N-ch open drain output (VDD tolerance) mode for the SDAr pin and
the N-ch open drain output (VDD tolerance) mode for the SCLr pin by using port input mode register 1
(PIM1) and port output mode register 1 (POM1). For Vit and Vi, see the DC characteristics with TTL
input buffer selected.
2. Communication at different potential is not allowed in 11C01, [IC11.

(Remarks are listed on the next page.)
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Simplified I°C mode connection diagram (during communication at different potential)

RL78

microcontroller

SDAr ® SDA

User's device

SCLr SCL

Simplified I°C mode serial transfer timing (during communication at different potential)

1/fscL

tLow

SCLr \
SDAr /\

tHiGH

el

tHD : DAT

tsu:pat

Remarks 1. Ro [Q]: Communication line (SDAr, SCLr) pull-up resistance, Co [F]: Communication line (SDAr, SCLr)
load capacitance, Vb [V]: Communication line voltage
2. r: 1IC Number (r = 00, 20)
3. fmck: Serial array unit operation clock frequency

(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn), and the Serial clock

select register m (SPSm). m: Unit number (m = 0,1), n: Channel number (n = 0))
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29.5.2 Serial interface IICA

(Ta=-40to +105°C, 24V <Vop <55V, Vss =0 V)

Parameter Symbol Conditions HS (high-speed main) Mode Unit

Standard Mode Fast Mode

MIN. MAX. MIN. MAX.

SCLAO clock frequency fscL Fast mode: fck> 3.5 MHz 0 400 kHz

Normal mode: fcik> 1 MHz 0 100 kHz
Setup time of restart condition tsu:sTA 4.7 0.6 s
Hold time "' * tHD:sTA 4.0 0.6 us
Hold time when SCLAO = “L” tow 4.7 1.3 us
Hold time when SCLAO = “H” tHiGH 4.0 0.6 us
Data setup time (reception) tsu:DAT 250 100 ns
Data hold time (transmission)"*®? | tup.oat 0 345 0 0.9 us
Setup time of stop condition tsu:sto 4.0 0.6 us
Bus-free time teur 4.7 1.3 s

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

Caution The values in the above table are applied even when bit 2 (PIOR2) in the peripheral 1/O redirection
register (PIOR) is 1 in 30-pin products only. At this time, the pin characteristics (loHz, loL1, VoH1, VoL1)
must satisfy the values in the redirect destination.

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.

Normal mode: Cb =400 pF, Rb =2.7 kQ
Fast mode: Cb =320 pF, Rb =1.1 kQ

IICA serial transfer timing

scLao i
E E E E thigH  tF tHD:sTA
E E E : tHD:STA tsu:DAT
Do
SDAAO | / PN /
! 1 tBUF! \
Stop Start Restart Stop
condition  condition condition condition
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29.6 Analog Characteristics

29.6.1 A/D converter characteristics

Classification of A/D converter characteristics

Input channel

Reference Voltage

Reference voltage (+) = AVREFP
Reference voltage (-) = AVREFM

Reference voltage (+) = VbD
Reference voltage (-) = Vss

Reference voltage (+) = VBGR
Reference voltage (-) = AVREFM

ANIO to ANI3

Refer to 29.6.1 (1).

ANI16 to ANI22

Refer to 29.6.1 (2).

Internal reference voltage

Refer to 29.6.1 (1).

Refer to 29.6.1 (3).

Refer to 29.6.1 (4).

Temperature sensor
output voltage

(1) When reference voltage (+) = AVrerr/ANIO (ADREFP1 = 0, ADREFPO = 1), reference voltage (-) = AVrerm/ANI1
(ADREFM = 1), target pin: ANI2, ANI3, internal reference voltage, and temperature sensor output voltage

(Ta = -40 to +105°C, 2.4 V < AVrerp < VDD 5.5V, Vss = 0 V, Reference voltage (+) = AVrerp, Reference voltage (-) =
AVrerm= 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 8 10 bit
Overall error”** AINL | 10-bit resolution, AVrerp = Vop N*** 1.2 £3.5 LSB
Conversion time tconv 10-bit resolution 36V<VbD<55V 2125 39 us

Target pin: ANI2, ANI3 27V<Vop<55V | 3.1875 39 s
24V <Vpob<55V 17 39 s
10-bit resolution 36V<VbD<55V 2.375 39 us
Target pin: Internal reference 27V <Vob<55V 3.5625 39 s
voltage, and temperature
24V <Vpb<55V 17 39 s
sensor output voltage
(HS (high-speed main) mode)
Zero-scale error"*** "2 EZS 10-bit resolution, AVrerr = Vop "*'** 025 | %FSR
Full-scale error"*'®* 2 EFS 10-bit resolution, AVrerp = Vop "' 025 | %FSR
Integral linearity error™**®* | ILE 10-bit resolution, AVrerp = Vop "*'*¢? 2.5 LSB
Differential linearity error DLE 10-bit resolution, AVrerp = Vop "3 +1.5 LSB
Note 1
Analog input voltage Van ANI2, ANI3 0 AVRerp \%
Internal reference voltage Veer " \Y
(HS (high-speed main) mode)
Temperature sensor output voltage Vrmpszs "¢ 4 \Y,
(HS (high-speed main) mode)

Notes 1.
2. This value is indicated as a ratio (%FSR) to the full-scale value.
3. When AVrerr < Vop, the MAX. values are as follows.
Overall error: Add +1.0 LSB to the MAX. value when AVrere = Voo.
Zero-scale error/Full-scale error: Add +0.05%FSR to the MAX. value when AVrerr = Vob.
Integral linearity error/ Differential linearity error: Add +0.5 LSB to the MAX. value when AVrere = Voo.
4. Refer to 29.6.2 Temperature sensor/internal reference voltage characteristics.

Excludes quantization error (£1/2 LSB).
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(2) When reference voltage (+) = AVrerr/ANIO (ADREFP1 = 0, ADREFPO = 1), reference voltage (-) = AVrRerm/ANI1
(ADREFM = 1), target pin: ANI16 to ANI22

(TA=-40to +105°C, 2.4 V< AVrerr < VoD £ 5.5V, Vss = 0 V, Reference voltage (+) = AVrerpr, Reference voltage (-) =

AVrerm =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 8 10 bit
Overall error "' * AINL | 10-bit resolution, AVrerp = Vop "*'** 1.2 +5.0 LSB
Conversion time tconv 10-bit resolution 36V<Vbb<55V 2.125 39 us

Target ANI pin: ANI16 to ANI22 27V<Vbp<5.5V 31875 39 s
24V <VpD<55V 17 39 us
Zero-scale error N 12 Ezs 10-bit resolution, AVrere = Vop "3 +0.35 | %FSR
Full-scale error "> *? Ers 10-bit resolution, AVrere = Voo "' ® +0.35 | %FSR
Integral linearity error “¢* | ILE 10-bit resolution, AVrerp = Voo "' +3.5 LSB
Differential linearity DLE 10-bit resolution, AVrerp = Voo "' 2.0 LSB
error"¢*
Analog input voltage VaiN ANI16 to ANI22 0 AVRerp \%
and Voo
Notes 1. Excludes quantization error (+1/2 LSB).
2. This value is indicated as a ratio (%FSR) to the full-scale value.
3. When AVkerr < Vb, the MAX. values are as follows.
Overall error: Add +4.0 LSB to the MAX. value when AVrere = Voo.
Zero-scale error/Full-scale error: Add +0.20%FSR to the MAX. value when AVrere = Voo.
Integral linearity error/ Differential linearity error: Add £2.0 LSB to the MAX. value when AVrere = Voo.
36
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(3) When reference voltage (+) = Voo (ADREFP1 = 0, ADREFPO = 0), reference voltage (-) = Vss (ADREFM = 0),
target pin: ANIO to ANI3, ANI16 to ANI22, internal reference voltage, and temperature sensor output voltage

(TA=-40to0 +105°C, 2.4V <Vop 5.5V, Vss =0V, Reference voltage (+) = Vob, Reference voltage (-) = Vss)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 8 10 bit
Overall error”®* AINL 10-bit resolution 1.2 £7.0 LSB
Conversion time tconv 10-bit resolution 36V<VbD<55V 2125 39 us

Target pin: ANIOto ANI3, | 5 7y < vpp <55V | 3.1875 39 s
ANI16 to ANI22
24V <Vpb<55V 17 39 us
Conversion time tconv 10-bit resolution 36V<VbD<55V 2.375 39 us
Target pin: internal reference 27V <VoD<55V 35625 39 s
voltage, and temperature oav<v 55V 17 39
< <
sensor output voltage (HS 4V =VbDES. HS
(high-speed main) mode)
Zero-scale error****° 2 Ezs 10-bit resolution +0.60 | %FSR
Full-scale error™*** 2 Ers 10-bit resolution +0.60 | %FSR
Integral linearity error™* ILE 10-bit resolution +4.0 LSB
Differential linearity error"**** | DLE 10-bit resolution +2.0 LSB
Analog input voltage Vain ANIO to ANI3, ANI16 to ANI22 0 Vob Vv
Internal reference voltage Veer V€3 \Y
(HS (high-speed main) mode)
Temperature sensor output voltage V1mpszs Vo' 3 \Y
(HS (high-speed main) mode)
Notes 1. Excludes quantization error (+1/2 LSB).
2. This value is indicated as a ratio (%FSR) to the full-scale value.
3. Refer to 29.6.2 Temperature sensor/internal reference voltage characteristics.
37
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(4) When reference voltage (+) = Internal reference voltage (ADREFP1 = 1, ADREFPO = 0), reference voltage (-) =

AVrerm (ADREFM = 1), target pin: ANIO, ANI2, ANI3, and ANI16 to ANI22

(Ta =—40 to +105°C, 2.4 V < Voo < 5.5 V, Vss = 0 V, Reference voltage (+) = Vecr " ®, Reference voltage (=) = AVrerm
Note 4= 0 v, HS (high-speed main) mode)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 8 bit
Conversion time tconv 8-bit resolution 17 39 7S
Zero-scale error***** 2 Ezs 8-bit resolution +0.60 | %FSR
Integral linearity error™* ILE 8-bit resolution +2.0 LSB
Differential linearity error *** DLE 8-bit resolution +1.0 LSB
Analog input voltage VAN 0 Vaer ¢ 2 \Y
Notes 1. Excludes quantization error (+1/2 LSB).
2. This value is indicated as a ratio (%FSR) to the full-scale value.
3. Refer to 29.6.2 Temperature sensor/internal reference voltage characteristics.
4. When reference voltage (-) = Vss, the MAX. values are as follows.
Zero-scale error: Add £0.35%FSR to the MAX. value when reference voltage () = AVRerm.
Integral linearity error: Add £0.5 LSB to the MAX. value when reference voltage (-) = AVRerMm.
Differential linearity error: Add £0.2 LSB to the MAX. value when reference voltage (-) = AVRerm.
29.6.2 Temperature sensor characteristics
(TA=-40to +105°C, 2.4V <Vop £5.5V, Vss =0V, HS (high-speed main) mode
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Temperature sensor output voltage | Vtmps2s Setting ADS register = 80H, 1.05 \%
Ta=+25°C
Reference output voltage VBGR Setting ADS register = 81H 1.38 1.45 1.50 \%
Temperature coefficient Fvrmes Temperature sensor output -3.6 mV/°C
voltage that depends on the
temperature
Operation stabilization wait time tamp 5 us
38
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29.6.3 POR circuit characteristics

(Ta = —40 to +105°C, Vss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection voltage VPoR Power supply rise time 1.45 1.51 1.57 \%
VPDR Power supply fall time 1.44 1.50 1.56 \%

Minimum pulse width "°*¢ Tew 300 us

Note Minimum time required for a POR reset when Voo exceeds below Veor. This is also the minimum time required
for a POR reset from when Voo exceeds below 0.7 V to when Voo exceeds Vror while STOP mode is entered or

the main system clock is stopped through setting bit 0 (HIOSTOP) and bit 7 (MSTOP) in the clock operation
status control register (CSC).

Trw

Supply voltage (Vob)
VPOR

Vepr or 0.7 V
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29.6.4 LVD circuit characteristics

LVD Detection Voltage of Reset Mode and Interrupt Mode
(Ta=-40to +105°C, VporR < VDD < 5.5V, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Detection supply voltage Vivoo Power supply rise time 3.90 4.06 4.22 Vv
Power supply fall time 3.83 3.98 4.13 \%

Vivop1 Power supply rise time 3.60 3.75 3.90 Vv

Power supply fall time 3.53 3.67 3.81 \%

Vivp2 Power supply rise time 3.01 3.13 3.25 \%

Power supply fall time 2.94 3.06 3.18 \%

Vivos Power supply rise time 2.90 3.02 3.14 \%

Power supply fall time 2.85 2.96 3.07 Vv

Vivoa Power supply rise time 2.81 2.92 3.03 \%

Power supply fall time 2.75 2.86 2.97 \%

Vivps Power supply rise time 2.70 2.81 2.92 \Y

Power supply fall time 2.64 2.75 2.86 \%

Vivos Power supply rise time 2.61 2.71 2.81 Vv

Power supply fall time 2.55 2.65 2.75 \%

Vivor Power supply rise time 2.51 2.61 2.71 Vv

Power supply fall time 2.45 2.55 2.65 \%

Minimum pulse width tw 300 us
Detection delay time 300 us

LVD detection voltage of interrupt & reset mode
(Ta=-40to +105°C, Vpor < Voo < 5.5V, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Interrupt and reset | Vivooo Veocz, Veoct, Veoct =0, 1, 1, falling reset voltage 2.64 2.75 2.86 \
mode VLvbD1 LVIS1, LVISO=1,0 Rising reset release voltage 2.81 2.92 3.03 \

Falling interrupt voltage 2.75 2.86 2.97 \%
Vivop2 LVIS1, LVISO =0, 1 Rising reset release voltage 2.90 3.02 3.14 \
Falling interrupt voltage 2.85 2.96 3.07 \%
VLvop3 LVIS1, LVISO=0,0 Rising reset release voltage 3.90 4.06 4.22 \%
Falling interrupt voltage 3.83 3.98 413 \%

29.6.5 Power supply voltage rising slope characteristics

(TA=-40t0 +105°C, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Power supply voltage rising slope Svop 54 V/ms

Caution Make sure to keep the internal reset state by the LVD circuit or an external reset until Voo reaches the
operating voltage range shown in 29.4 AC Characteristics.
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29.7 Data Memory STOP Mode Low Supply Voltage Data Retention Characteristics

(Ta=-40to +105°C, Vss =0 V
Parameter Symbol Conditions MIN. TYP. MAX. Unit

Data retention supply voltage VbpDR 1.44 Noe 5.5 \%

Note The value depends on the POR detection voltage. When the voltage drops, the data is retained before a POR
reset is affected, but data is not retained when a POR reset is affected.

STOP mode Operation mode

l«——— Data retention mode ————»

Voo T Vooor
STOP instruction execution
. /
Standby release signal
(interrupt request) N
I\
29.8 Flash Memory Programming Characteristics
(Ta=-40to +105°C, 2.4V <V <55V, Vss =0 V)
Parameter Symbol Conditions MIN. TYP. MAX. | Unit
System clock frequency ferk 1 24 MHz
Code flash memory rewritable times | Cerwr Retained for 20 years | Ta=85°C 1,000 Times
Notes 1, 2,3
Data flash memory rewritable times Retained for 1 year Ta=25°C 1,000,000
Notes 12,3 Retained for 5 years | Ta = 85°C 100,000
Retained for 20 years | Ta=85°C 10,000

Notes 1. 1 erase + 1 write after the erase is regarded as 1 rewrite. The retaining years are a period of time in which
the next rewrite is performed after a rewrite.
2. When using flash memory programmer or library program from Renesas
3. This shows the flash memory characteristics. This is a result obtained from Renesas Electronics reliability

test.

29.9 Dedicated Flash Memory Programmer Communication (UART)

(TA=-40to +105°C, 2.4V <V <55V, Vss=0V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit

Transfer rate During serial programming 115,200 1,000,000 bps
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29.10 Timing Specs for Switching Flash Memory Programming Modes

(Ta=-40to +105°C, 24V <Vop <55V, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
How long from when an external reset | tsunit POR and LVD reset must end before 100 ms
ends until the initial communication the external reset ends.
settings are specified
How long from when the TOOLO pin | tsu POR and LVD reset must end before 10 S
is placed at the low level until an the external reset ends.
external reset ends
How long the TOOLO pin must be tHo POR and LVD reset must end before 1 ms
kept at the low level after an external the external reset ends.
reset ends
(excluding the processing time of the
firmware to control the flash memory)
<1>  <2> <3> <4>
RESET 4 : E
‘ 1 723 us +tho E
E E pro;;ses "9 E 0O0H reception E
' t=— =1 (TOOLRxD, TOOLTXD mode)
TOOLO 5 5 /: \ /...
| otsu ' tsumiT ‘

<1> The low level is input to the TOOLO pin.
<2> The external reset ends (POR and LVD reset must end before the external reset ends.).
<3> The TOOLDO pin is set to the high level.
<4> Setting of the flash memory programming mode by UART reception and complete the baud

rate setting.

Remark

100 ms from when the resets end.

tsu:

tHD:

(excluding the processing time of the firmware to control the flash memory)

How long to keep the TOOLDO pin at the low level from when the external reset ends.

How long from when the TOOLO pin is placed at the low level until an external reset ends.

tsunim: The segment shows that it is necessary to finish specifying the initial communication settings within
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