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RL78/L12

1. OUTLINE
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. Make EVss pin the same potential as Vss pin.

Make Vob pin the same potential as EVop pin.

. For pin identification, see 1.4 Pin ldentification.

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

When using the microcontroller for an application where the noise generated inside the microcontroller

must be reduced, it is recommended to supply separate powers to the Vop and EVop pins and connect

the Vss and EVss pins to separate ground lines.

redirection register (PIOR).

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

R01DS0157EJ
Sep 30, 2016

0210 Rev.2.10

RENESAS

Page 10 of 131



RL78/L12 1. OUTLINE

1.6 Outline of Functions

Caution This outline describes the functions at the time when Peripheral I/O redirection register (PIOR) is set

to 00H.
(1/2
Iltem 32-pin 44-pin 48-pin 52-pin 64-pin
R5F10RBx R5F10RFx R5F10RGx R5F10RJx R5F10RLx
Code flash memory (KB) 8 to 32 810 32 8to 32 8to 32 16, 32
Data flash memory (KB) 2 2 2 2 2
RAM (KB) 1’1'5Note1 1’1.5Note1 1’1.5Note1 1‘1.5Note1 1’1.5Note1
Memory space 1 MB
Main High-speed system clock| X1 (crystal/ceramic) oscillation, external main system clock input (EXCLK)
<R> system HS (high-speed main) operation: 1 to 20 MHz (Voo = 2.7 to 5.5 V),
clock HS (high-speed main) operation: 1 to 16 MHz (Voo = 2.4 to 5.5 V),
LS (low-speed main) operation: 1 to 8 MHz (Voo = 1.8 to 5.5 V),
LV (low-voltage main) operation: 1 to 4 MHz (Voo = 1.6 to 5.5 V)
High-speed on-chip HS (high-speed main) operation: 1 to 24 MHz (Voo = 2.7 to 5.5 V),
oscillator clock HS (high-speed main) operation: 1 to 16 MHz (Voo = 2.4 to 5.5 V),
LS (low-speed main) operation: 1 to 8 MHz (Voo = 1.8 to 5.5 V),
LV (low-voltage main) operation: 1 to 4 MHz (Voo = 1.6 to 5.5 V)
Subsystem clock - XT1 (crystal) oscillation , external subsystem clock input (EXCLKS)

32.768 kHz (TYP.): Voo = 1.6 t0 5.5V

Low-speed on-chip oscillator clock Internal oscillation
15 kHz (TYP.): Voo =1.6t0 5.5V

General-purpose register 8 bits x 32 registers (8 bits x 8 registers x 4 banks)

Minimum instruction execution time | 0.04167 us (High-speed on-chip oscillator clock: fin = 24 MHz operation)

0.05 us (High-speed system clock: fux = 20 MHz operation)

30.5 us (Subsystem clock: fsus = 32.768 kHz operation)

Instruction set e Data transfer (8/16 bits)

e Adder and subtractor/logical operation (8/16 bits)

o Multiplication (8 bits x 8 bits)

* Rotate, barrel shift, and bit manipulation (Set, reset, test, and Boolean
operation), etc.

Total number of 1/O port pins and 28 40 44 48 58
pins dedicated to drive an LCD
110 Total 20 29 33 37 47
port
CMOS I/0 15 22 26 30 39
CMOS input 3 5 5 5 5
CMOS output - - - - 1
N-ch open-drain 1/0 2 2 2 2 2
(EVop tolerance)
Pins dedicated to drive an LCD 8 11 11 11 11
LCD controller/driver Internal voltage boosting method, capacitor split method, and external resistance
division method are switchable.
Segment signal output 13 22 (18) N2 | o6 (22) N2 | 30 (26) N2 | 39 (35) Note 2
Common signal output 4 4 (g)Note2

Notes 1. In the case of the 1 KB, and 1.5 KB, this is 630 bytes when the self-programming function and data
flash function is used.
2. The values in parentheses are the number of signal outputs when 8 com is used.
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RL78/L12 1. OUTLINE
(212
Iltem 32-pin 44-pin 48-pin 52-pin 64-pin
R5F10RBx R5F10RFx R5F10RGx R5F10RJx R5F10RLx
Timer 16-bit timer 8 channels 8 channels (with 1 channel remote control output function)
Watchdog timer 1 channel
Real-time clock (RTC) 1 channel
12-bit interval timer (IT) 1 channel
Timer output 4 channels 5 channels 6 channels 8 channels (PWM outputs: 7 Note 1)
(PWM outputs: | (PWM outputs: | (PWM outputs:
3 Note 1) 4 Note 1) 5 Note 1)
RTC output - 1
e 1 Hz (subsystem clock: fsus = 32.768 kHz or )
Clock output/buzzer output 1 2

e 2.44 kHz, 4.88 kHz, 9.76 kHz, 1.25 MHz, 2.5 MHz, 5 MHz, 10 MHz
(Main system clock: fwan = 20 MHz operation)

e 256 Hz, 512 Hz, 1.024 kHz, 2.048 kHz, 4.096 kHz, 8.192 kHz, 16.384 kHz,
32.768 kHz
(Subsystem clock: fsus = 32.768 kHz operation)

8/10-bit resolution A/D converter

4 channels | 7 channels | 9 channels | 10channels| 10 channels

Serial interface

e CSI: 2 channel/UART (LIN-bus supported): 1 channel

1°C bus

1 channel | 1 channel | 1 channel | 1 channel | 1 channel

Multiplier and divider/multiply-
accumulator

16 bits x 16 bits = 32 bits (Unsigned or signed)
o 32 bits + 32 bits = 32 bits (Unsigned)
* 16 bits x 16 bits + 32 bits = 32 bits (Unsigned or signed)

DMA controller 2 channels
Vectored interrupt| Internal 23 23 23 23 23
sources External 4 6 7 7 9

Key interrupt

4

Reset

e Reset by ﬁpin

e Internal reset by watchdog timer

e Internal reset by power-on-reset

o Internal reset by voltage detector

o Internal reset by illegal instruction execution
e Internal reset by RAM parity error

o Internal reset by illegal-memory access

Note 2

Power-on-reset circuit

* Power-on-reset: 1.51£0.04 V
* Power-down-reset: 1.50 £0.04 V

Voltage detector

* Rising edge : 1.67 V t0 4.06 V (14 stages)
* Falling edge : 1.63 V to 3.98 V (14 stages)

On-chip debug function

Provided

Power supply voltage

Voo =1.61t05.5V

Operating ambient temperature

Ta=-40to +85 °C

Notes 1. The number of PWM outputs varies depending on the setting of channels in use (the number of masters

and slaves).

2. The illegal instruction is generated when instruction code FFH is executed.

Reset by the illegal instruction execution not issued by emulation with the in-circuit emulator or on-chip

debug emulator.
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta = -40 to +85°C)

2.1 Absolute Maximum Ratings

Absolute Maximum Ratings (Ta = 25°C) (1/3)
Parameter Symbols Conditions Ratings Unit
Supply voltage Vob Vop = EVop -0.5t0 +6.5 \%
EVoo Vopo = EVoo -0.5t0 +6.5 \%
EVss -0.5t0 +0.3 \%
REGC pin input voltage | Virecc REGC -0.3to0 +2.8 V
and 0.3 to Voo + 0.3
Input voltage Vin P10 to P17, P30 to P32, P40 to P43, P50 to P54, —0.3 to EVop +0.3 \%
P70 to P74, P120, P125 to P127,P140 to P147 and —0.3 to Voo + 0.3"*?
Vi2 P60, P61 (N-ch open-drain) —0.3 to EVop +0.3 \%
and 0.3 to Voo + 0.3"%?
Via P20, P21, P121 to P124, P137, EXCLK, —0.3 to Voo + 0.3V*? \Y
EXCLKS, RESET
Output voltage Vo1 P10 to P17, P30 to P32, P40 to P43, —0.3to EVoo+ 0.3 \%
Note 2
P50 to P54, P60, P61, P70 to P74, P120, and 0.3 to Voo + 0.3
P125 to P127, P130, P140 to P147
Voz P20, P21 -0.3 to Voo + 0.3 N2 v
Analog input voltage Va1 ANI16 to ANI23 —-0.3 to EVop + 0.3 and \%
—0.3 to AVrer(+) + 0.3
Notes 2,3
Va2 ANIO, ANI1 —0.3 to Voo + 0.3 and \%
—0.3 to AVrer(+) + 0.3
Notes 2,3

Notes 1. Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF). This value regulates the absolute
maximum rating of the REGC pin. Do not use this pin with voltage applied to it.
2. Mustbe 6.5V or lower.
3. Do not exceed AVRrer+)+ 0.3 V in case of A/D conversion target pin.

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. AVRer+) : + side reference voltage of the A/D converter.
3. Vss: Reference voltage

RO1DS0157EJ0210 Rev.2.10 R NS Page 20 of 131
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta = -40 to +85°C)

(TA=-40to +85°C,1.6 V< EVpp=VbD< 5.5V, Vss =EVss =0 V) (3/5)
Items Symbol Conditions MIN. TYP. MAX. Unit
Input voltage, Vin1 P10 to P17, P30 to P32, P40 to P43, | Normal input buffer 0.8EVoD EVoo \Y
high P50 to P54, P70 to P74, P120,
P125 to P127, P140 to P147
ViH2 P10, P11, P15, P16 TTL input buffer 22 EVop Vv
40V<EVop<55V
TTL input buffer 2.0 EVop \%
33V<EVon<4.0V
TTL input buffer 1.50 EVop \
1.6 V<EVop<3.3V
ViH3 P20, P21 0.7Vop Vb \%
ViHg P60, P61 0.7EVoD EVob \
ViHs P121 to P124, P137, EXCLK, EXCLKS, RESET 0.8Vop Vob \
Input voltage, Vit P10 to P17, P30 to P32, P40 to P43, | Normal input buffer 0 0.2EVop \Y
low P50 to P54, P70 to P74, P120,
P125 to P127, P140 to P147
Vi P10, P11, P15, P16 TTL input buffer 0 0.8 \Y
40V<EVop<55V
TTL input buffer 0 0.5 \Y
33V<EVmn<4.0V
TTL input buffer 0 0.32 \%
1.6 V<EVop<3.3V
Vs P20, P21 0 0.3Vop
ViLa P60, P61 0 0.3EVoD
Vis P121 to P124, P137, EXCLK, EXCLKS, RESET 0 0.2Vop \

Caution The maximum value of Vin of P10, P12, P15, P17 is EVop, even 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/L12

2. ELECTRICAL SPECIFICATIONS (A, G: Ta = -40 to +85°C)

Tcy vs Vob (LV (low-voltage main) mode)

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

=== During self programming

—-—- When high-speed system clock is selected
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta = -40 to +85°C)

(2) During communication at same potential (CSI mode) (master mode, SCKp... internal clock output)
(Ta=-40 to +85°C, 1.6 V< EVbp =Vpp < 5.5V, Vss = EVss =0 V)

Parameter Symbol Conditions HS (high-speed| LS (low-speed |LV (low-voltage Unit
main) Mode main) Mode main) Mode
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
SCKp cycle time tkey1 27V<EVop<55V 167 500 1000 ns
Note 1 Note 1 Note 1
24V <EVop<55V 250 500 1000 ns
Note 1 Note 1 Note 1
1.8V<EVop <55V 500 1000 ns
Note 1 Note 1
16 V<EVop <55V 1000 ns
Note 1
SCKp high-/low-level width | tkH1, 40V<EVop<55V tkey1/2 tkev1/2 tkey1/2 ns
tkL -12 -50 -50
27V<EVop<55V tkey1/2 tkey1/2 tkey1/2 ns
-18 -50 -50
24V <EVop<55V tkey1/2 tkev1/2 tkey1/2 ns
-38 -50 -50
1.8V<EVop<55V tkev1/2 tkey1/2 ns
-50 -50
16 V<EVop<55V tkey1/2 ns
-100
Slp setup time (to SCKpT) | tsit 27V<EVop<55V 44 110 110 ns
Note 2
24V<EVop<55V 75 110 110 ns
1.8V<EVop <55V 110 110 ns
16 V<EVop <55V 220 ns
Slp hold time (from SCKpT)| txsit 24V <EVop<55V 19 19 19 ns
Note 3
1.8V<EVop <55V 19 19
16 V<EVop <55V 19
Delay time from SCKpl to | tksor C=30pF|24V<EVop<55V 25 25 25 ns
Note 4 Note 5
SOp output 18V<EVon <55V 25 25
16 V<EVop<55V 25

Notes 1. For CSI00, set a cycle of 2/fmuck or longer. For CSI01, set a cycle of 4/fuck or longer.

2. 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.

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

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

5. C is 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 pin and SCKp pin
by using port input mode register g (PIMg) and port output mode register g (POMg).

(Remarks are listed on the next page.)
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta = -40 to +85°C)

Remarks 1. p: CSI number (p = 00, 01), m: Unit number (m = 0), n: Channel number (n =0, 1),
g: PIM and POM numbers (g = 1)
2. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the serial clock select register m (SPSm) and the CKSmn bit of serial mode
register mn (SMRmn).
m: Unit number, n: Channel number (mn = 00, 01))

(3) During communication at same potential (CSI mode) (slave mode, SCKp... external clock input) (1/2)
(Ta=-40 to +85°C, 1.6 V< EVbp =VpD < 5.5V, Vss = EVss =0 V)
Parameter Symbol Conditions HS (high-speed| LS (low-speed |LV (low-voltage| Unit
main) Mode main) Mode main) Mode
MIN. [ MAX.| MIN. | MAX. | MIN. | MAX.
SCKp cycle timeM® | tkevz 40V<EVop<55V | 20 MHz < fuck 8/fwck ns
5
fumek < 20 MHz 6/fmck 6/fmck 6/fmck ns
27V<EVop<4.0V 16 MHz < fwex 8/fmck ns
fuek <16 MHz 6/fmck 6/fmck 6/fmek ns
24V<EVop<55V 6/fmck 6/fmck 6/fmek ns
and
500
1.8V<EVop<24V 6/fmck 6/fmek ns
16 V<EVopn<1.8V 6/fmck ns
SCKp high-/low- tkH2, 40V<EVop<55V tkey2/2 tkey2/2 tkey2/2 ns
level width tkL2 -7 -7 -7
27V<EVop<4.0V tkeya/2 tkey2/2 tkey2/2 ns
-8 -8 -8
24V <EVop<27V tkev2/2 tkey2/2 tkey2/2 ns
-18 -18 -18
1.8V<EVop<24V tkeya/2 tkeyz2/2 ns
-18 -18
16 V<EVop<1.8V tkey2/2 ns
- 66
Slp setup time tsikz 27V<EVop<55V 1/fmek 1/fmck 1/fmck ns
(to SCKpT)Vere? + 20 +30 +30
24V <EVop<27V 1/fmek 1/fmck 1/fmck
+30 + 30 + 30
1.8V<EVop<24V 1/fmck 1/fmck ns
+ 30 + 30
16 V<EVon<18V 1/fmek ns
+40
Slp hold time tksiz 24V <EVop<55V 1/fmek 1/fmck 1/fmck ns
(from SCKpT)Vete2 + 31 +31 +31
1.8V<EVop<24V 1/fmck 1/fmck ns
+ 31 + 31
16 V<EVop<1.8V 1/fmck ns
+
250

(Notes, Caution, and Remarks are listed on the next page.)
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta = -40 to +85°C)

UART mode connection diagram (during communication at different potential)

Vb
% Ro
TxDq Rx
RL78 microcontroller User's device
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

. " )(
\ /!

1/Transfer rate

High-/Low-bit width

Baud rate error tolerance

RxDq <

Remarks 1. Rou[Q]:Communication line (TxDq) pull-up resistance,
Cb[F]: Communication line (TxDq) load capacitance, Vo[V]: Communication line voltage
2. q: UART number (q =0, 1), g: PIM and POM number (g = 1)
3. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the serial clock select register m (SPSm) and the CKSmn bit of serial mode
register mn (SMRmn). m: Unit number, n: Channel number (mn = 00, 01))
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta = -40 to +85°C)

(6) Communication at different potential (1.8 V, 2.5V, 3 V) (CSI mode) (master mode, SCKp... internal clock output) (2/3)
(Ta=-40 to +85°C, 1.8 V< EVbp =Vpp < 5.5V, Vss = EVss =0 V)

Parameter Symbol Conditions HS (high- LS (low- LV (low- Unit
speed main) | speed main) |voltage main)
Mode Mode Mode
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
Slp setup time tsik1 40V<EVoD<55V,27V<Vb<40V, | 81 479 479 ns
(to SCKpT)Ne? Cb=30pF, Ro= 1.4 kQ
27V<EVon<40V,23V<Vb<27V, | 177 479 479 ns
Cb =30 pF, Ro=2.7 kQ
24V<EVp<33V,16V<Vb<20V, | 479 479 479 ns
Co =30 pF, Ro=5.5kQ
18V <EVop<3.3V, 479 479 ns
16V<Vo<2.0VNe?
Co =30 pF, Ro=55kQ
Slp hold time tksn 40V<EVDD<55V,27V<Vb<40V, | 19 19 19 ns
(from SCKpT) Note? Cb=30 pF, Ro=1.4 kQ
27V<EVon<40V,23V<Vb<27V, | 19 19 19 ns
Cb =30 pF, Ro=2.7 kQ
24V<EVn<33V,16V<Vb<20V, | 19 19 19 ns
Co =30 pF, Ro=5.5kQ
18V <EVop<3.3V, 19 19 ns
16V<Vo<2.0VNe?
Co =30 pF, Ro=5.5kQ
Delay time from SCKpJ to tkso1 40V<EVoD<55V,27V<Vb<4.0V, 100 100 100 ns
SOp output Mt Cb=30pF, Ro= 1.4 kQ
27V<EVn<40V,23V<Vb<27V, 195 195 195 | ns
Cb =30 pF, Ro = 2.7 kQ
24V<EVn<40V,23V<Vh<27V, 483 483 483 | ns
Cb =30 pF, Ro=2.7 kQ
18V <EVop<3.3V, 483 483 | ns
16V<Vo<2.0 VN3
Cb =30 pF, Ro=5.5kQ
Slp setup time tsikt 40V<EVop<55V,27V<Vb<40V, | 44 110 110 ns
(to SCKpl)Nte? Co =30 pF, Ro=1.4kQ
27V<EVop<40V,23V<Vb<27V, | 44 110 110 ns
Cb =30 pF, Ro=2.7 kQ
24V<EVm<40V,23V<Vb<27V, | 110 110 110 ns
Cb =30 pF, Ro = 2.7 kQ
18V <EVop<3.3V, 110 110 ns
16V<Vh<20 VN3
Cb =30 pF, Ro=5.5kQ

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

Caution Select the TTL input buffer for the Slp pin and the N-ch open drain output (Voo tolerance (32-pin to 52-
pin products)/EVob tolerance (64-pin products)) mode for the SOp pin and SCKp pin by using port input
mode register g (PIMg) and port output mode register g (POMg). For ViH and Vi, see the DC
characteristics with TTL input buffer selected.
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta = -40 to +85°C)

(7) Communication at different potential (1.8 V, 2.5V, 3 V) (CSI mode) (slave mode, SCKp... external clock input)

(Ta=-40 to +85°C, 1.8 V< EVpp =Vbp < 5.5V, Vss = EVss =0 V) (1/2)
Parameter Symbol Conditions HS (high- |LS (low-speed| LV (low- Unit
speed main) | main) mode | voltage main)
mode mode
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
SCKp cycle time "' | tkcvz 40V<EVm<55V, |20 MHz <fuck<24 MHz | 12/fuck ns
27VsVbs40V 8MHz <fuxk<20MHz | 10/fuck ns
4 MHz < fwek < 8 MHz 8/fmek 16/fmek ns
fuck <4 MHz 6/fmck 10/fmek 10/fmek ns
27V<EVop<40V, [20MHz<fwck<24 MHz |16/fmck ns
23VsWs27V 16 MHz < fuck <20MHz | 14/fuck ns
8MHz <fuck <16 MHz | 12/fmck ns
4 MHz < fuek <8 MHz 8/fmck 16/fmck ns
fuck <4 MHz 6/fmck 10/fmek 10/fmek ns
24V<EVop<33V, [|20MHz<fuek<24MHz |36/fuck ns
16V<Vb<20V 16 MHz <fuck <20 MHz | 32/fuck ns
8 MHz <fweck <16 MHz | 26/fmck ns
4 MHz < fwek < 8 MHz 16/fmck 16/fmek ns
fuck <4 MHz 10/fmek 10/fmek 10/fmek ns
18V<EVD <33V, |4 MHz<fux<8MHz 16/fmek ns
Note 2
18V<Wh<20V fuck <4 MHz 10/fmek 10/fmek ns
SCKp high-/low-level | tkz, 40V<EVoD<55V,27V<Vb<40V tkey2/2 tkev2/2 tkev2/2 ns
width tki2 -12 -50 -50
27V<EVop<4.0V,23V<Vb<27V tkey2/2 tkey2/2 tkey2/2 ns
-18 -50 -50
24V <EVop<33V,1.6V<Vb<20V tkey2/2 tkey2/2 tkev2/2 ns
-50 -50 -50
1.8V<EVop<3.3V, tkey2/2 tkey2/2 ns
16V<Vo<20VNe? -50 - 50
Slp setup time tsik2 40V<EVoD<55V,27V<Ve<40V 1/fvck + 1/vck + 1 vk + ns
(to SCKpT) Nete? 20 30 30
27V<EVop<4.0V,23V<VWh<27V 1/vek + 1/vek + 1 vk + ns
20 30 30
24V <EVop<33V,16V<Vb<20V 1vek + 1vek + 1 fivex + ns
30 30 30
1.8V<EVop<33V, 1/fviex + 1/fvex + ns
16V <Vb<2.0VNoe? 30 30
Slp hold time tksi2 40V<EVop<55V,27V<Vb<4.0V 1Mk + 1Mk + ek + ns
(from SCKpT) Note* 31 31 31
27V<EVop<4.0V,23V<VW<27V 1/fvicx + 1/fviex + 1/fvex + ns
31 31 31
24V <EVop<33V,16V<Vb<20V 1/vek + 1/vek + 1 vk + ns
31 31 31
1.8V<EVop<33V, 1/fviex + 1/fvex + ns
16V <Vo<20VNte? 31 31
(Notes, Caution and Remarks are listed on the next page.)
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RL78/L12

2. ELECTRICAL SPECIFICATIONS (A, G: Ta = -40 to +85°C)

(3) I°C fast mode plus

(TA=-40 to +85°C,1.6 V< EVbp=VbD < 5.5V, Vss = EVss =0 V)

Parameter Symbol Conditions HS (high-speed | LS (low-speed | LV (low-voltage | Unit
main) Mode main) Mode main) Mode
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
SCLAO clock frequency | fscL Fast mode plus: 2.7V <EVop<5.5V 0 1000 — — kHz
fek> 10 MHz
Setup time of restart tsusta |27 V<EVoD <55V 0.26 — — us
condition
Hold time"**®" tiosa |27 V<EVoD <55V 0.26 — — us
Hold time when SCLAQO = | trow 27V<EVop <55V 0.5 — — us
o
Hold time when SCLAO = | tHigH 27V<EVop<55V 0.26 — — s
“H
Data setup time tsupar |27V <EVDD<55V 50 — — us
(reception)
Data hold time thooar |27 V<EVoD <55V 0 0.45 — — us
(transmission)"°t 2
Setup time of stop tsusto |27V<EVop<55V 0.26 — — us
condition
Bus-free time taur 27V<EVop<55V 0.5 — — us
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 1/0 redirection
register (PIOR) is 1. At this time, the pin characteristics (loH1, 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.

Fast mode plus: Cb =120 pF, Ro = 1.1 kQ

IICA serial transfer timing

trow

\
SCLAO \
i tHD:DAT tHIGH
i tHD:STA tsu:paT
SDAAO /
stop  Start Restart Stop
condition  condition condition condition
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RL78/L12

3. ELECTRICAL SPECIFICATIONS (G: Ta =-40to +105°C)

3.3 DC Characteristics

3.3.1 Pin characteristics

(TA=-40to +105°C, 2.4 V<EVbb=VDD< 5.5V, Vss =EVss =0 V) (1/5)
ltems Symbol Conditions MIN. TYP. MAX. Unit
Output current, lomt Per pin for P10 to P17, P30 to P32, P40 to P43, P50 to P54, -3.0M2 mA
highN°t® " P70 to P74, P120, P125 to P127, P130, P140 to P147
Total of P10 to P14, P40 to P43, P120, 40V<EVop<55V -30.0 mA
P130, P140 to P147 27V<EVon<4.0V -80 | mA
(When duty = 70% "***3)
24V<EVop <27V -4.0 mA
Total of P15 to P17, P30 to P32, 40V<EVp <55V -30.0 mA
P50 to P54, P70 to P74, P125 to P127 27V<EVop<4.0V _15.0 mA
(When duty = 70% "°*?)
24V <EVop <27V -8.0 mA
Total of all pins -60.0 mA
(When duty = 70%"°*?)
loH2 P20, P21 Per pin -0.1 mA
Total of all pins 24V <Vop<55V -0.2 mA
Notes 1. Value of current at which the device operation is guaranteed even if the current flows from the Vop and

EVop pins to an output pin.
Do not exceed the total current value.
Specification under conditions where the duty factor < 70%.
The output current value that has changed to the duty factor > 70% the duty ratio can be calculated with the
following expression (when changing the duty factor from 70% to n%).

e Total output current of pins = (lon x 0.7)/(n x 0.01)

<Example> Where n = 80% and lox = —-30.0 mA

Total output current of pins = (-=30.0 x 0.7)/(80 x 0.01) = -26.25 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.

Caution P10, P12, P15, and P17 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/L12 3. ELECTRICAL SPECIFICATIONS (G: Ta =-40to +105°C)

Notes 1. Total current flowing into Vop and EVop, including the input leakage current flowing when the level of the input
pin is fixed to Vop, EVop or Vss, EVss. The values below the MAX. column include the peripheral operation
current. However, not including the current flowing into the A/D converter, LVD circuit, 1/0O port, and on-chip
pull-up/pull-down resistors and the current flowing during data flash rewrite.

2. When high-speed on-chip oscillator and subsystem clock are stopped.

d

When high-speed system clock and subsystem clock are stopped.

4. When high-speed on-chip oscillator and high-speed system clock are stopped. When AMPHS1 = 1 (Ultra-low
power consumption oscillation). However, not including the current flowing into the RTC, 12-bit interval timer,
watchdog timer, and LCD controller/driver.

5. Relationship between operation voltage width, operation frequency of CPU and operation mode is as below.

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

24V <Vop<55V@1 MHz to 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. fsus: Subsystem clock frequency (XT1 clock oscillation frequency)
4. Except subsystem clock operation, temperature condition of the TYP. value is Ta = 25°C
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RL78/L12 3. ELECTRICAL SPECIFICATIONS (G: Ta =-40to +105°C)

3.4 AC Characteristics

3.4.1 Basic operation

(TA=-40 to +105°C, 2.4 V<EVbb =VbD < 5.5V, Vss = EVss =0 V)

ltems Symbol Conditions MIN. TYP. MAX. Unit
Instruction cycle (minimum Tey Main HS (high-speed | 2.7V <Vop <55V | 0.04167 1 us
instruction execution time) system main) mode 24V<Von<27V| 0.0625 1 s
clock (fmain)
operation
Subsystem clock (fsus) 24V<Voo<55V| 28.5 30.5 31.3 us
operation
In the self HS (high-speed | 2.7V <V <55V | 0.04167 1 Us
programming| main)mode {24V <Veo<27V/| 0.0625 1 us
mode
External system clock frequency | fex 27V<Vop<55V 1.0 20.0 MHz
24V <Vop<27V 1.0 16.0 MHz
fexs 32 35 kHz
External system clock input high- | texn, texc | 2.7 V<Vopb <55V 24 ns
level width, low-level width 24V <Vop<27V 30 ns
texws, 13.7 us
texis
TIOO to TIO7 input high-level width, | tr, 1/fmek+10 ns
low-level width tri
TOO00 to TOO07 output frequency | fro HS (high-speed 40V<EVop<55V 16 MHz
main) mode 27V<EVon<4.0V 8 MHz
24V<EVop <27V 4 MHz
PCLBUZO0, PCLBUZ1 output frcL HS (high-speed 40V<EVop<55V 16 MHz
frequency main) mode 27V <EVoo<4.0V 8 MHz
24V <EVop <27V 4 MHz
Interrupt input high-level width, tINTH, INTPO 24V<Vop<55V 1 us
low-level width T INTP1t0 INTP7 |24V <EVop<55V 1 s
Key interrupt input low-level width | tkr KRO to KR3 24V <EVop<55V 250 ns
RESET low-level width trsL 10 us

Remark fuck: Timer array unit operation clock frequency
(Operation clock to be set by the CKSOn bit of timer mode register On (TMRON).
n: Channel number (n =0 to 7))
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RL78/L12 3. ELECTRICAL SPECIFICATIONS (G: Ta =-40to +105°C)

Minimum Instruction Execution Time during Main System Clock Operation

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

10

-
o
il
|
I
|
|
|
|
I
|
|
il

—— When the high-speed on-chip oscillator clock is selected
——— During self programming
E i ~°~° When high-speed system clock is selected

Cycle time Tcy [us]

0.1

T
00625 [ i !
0.0417 f-=----f------ R o et P =

0.01

0 10 20 ' 30 40 50 2960
24 27

Supply voltage Voo [V]
AC Timing Test Points

Vin/Vor Vi/ Vor
Test points
>< Vi/Vou > P <: Vi/Vou

External System Clock Timing

1/fed/
1/fexs
ted/ | te/
texs texHs
EXCLK/EXCLKS \
N\ N
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RL78/L12 3. ELECTRICAL SPECIFICATIONS (G: Ta =-40to +105°C)

(2) During communication at same potential (CSI mode) (master mode, SCKp... internal clock output)
(Ta=-40 to +105°C, 2.4 V<EVob =Vop < 5.5V, Vss =EVss =0 V)

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

SCKp cycle time trevt 27V<EVop<55V 334 Note! ns

24V<EVop<55V 500 Note ! ns

SCKp high-/low-level width tkH1, 40V<EVop<55V tkev1/2 — 24 ns

bt 2.7V<EVon <55V tkevi/2 — 36 ns

24V<EVop<55V txcy1/2 — 76 ns

Slp setup time (to SCKpT) N2 tsikt 27V<EVop<55V 66 ns

24V<EVop<55V 113 ns

Slp hold time (from SCKpT) N*®® | txsit 24V<EVop<55V 38 ns

Delay time from SCKp! to tksor C =30 pF Noe® 24V<EVop<55V 50 ns
SOp output "4

Notes 1. Set a cycle of 4/fuck or longer.

2. 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.

3. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp hold time becomes “from SCKle‘
when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

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

5. Cis 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 pin and SCKp pin
by using port input mode register g (PIMg) and port output mode register g (POMg).

Remarks 1. p: CSl number (p = 00, 01), m: Unit number (m = 0), n: Channel number (n =0, 1),
g: PIM and POM numbers (g = 1)
2. fumck: Serial array unit operation clock frequency
(Operation clock to be set by the serial clock select register m (SPSm) and the CKSmn bit of serial mode
register mn (SMRmn). m: Unit number, n: Channel number (mn = 00, 01))
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RL78/L12 3. ELECTRICAL SPECIFICATIONS (G: Ta =-40to +105°C)

(4) Communication at different potential (1.8 V, 2.5V, 3 V) (UART mode) (1/2)
(Ta=-40 to +105°C, 2.4 V<EVob =Vop < 5.5V, Vss =EVss =0 V)

Parameter Symbol Conditions HS (high-speed main) Mode Unit
MIN. MAX.
Transfer rate Reception |4.0V<EVopb<5.5V, fucx/12 Note ! bps

<\Vb <
27V=Vb<40V Theoretical value of the 2.0 Mbps

maximum transfer rate
Note 2

fmek = fork
2.7V<EVop<4.0V, fuok/12 Note ! bps
23VsVe<27V Theoretical value of the 2.0 Mbps
maximum transfer rate
fuck = fok Vot 2
24V <EVop<3.3V, fmck/12 bps
1.6V<Vo<20V Note 1
Theoretical value of the 2.0 Mbps

maximum transfer rate

Note 2
fuok = fork "oe

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

Caution Select the TTL input buffer for the RxDq pin and the N-ch open drain output (Vob tolerance (32- to 52-pin
products)/EVop tolerance (64-pin products)) mode for the TxDq pin by using port input mode register g
(PIMg) and port output mode register g (POMg). For ViH and Vi, see the DC characteristics with TTL
input buffer selected.

Remarks 1. Vb[V]: Communication line voltage
2. q: UART number (q = 0), g: PIM and POM number (g = 1)
3. fuck: Serial array unit operation clock frequency
(Operation clock to be set by the serial clock select register m (SPSm) and the CKSmn bit of serial mode
register mn (SMRmn). m: Unit number, n: Channel number (mn = 00, 01)
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RL78/L12 3. ELECTRICAL SPECIFICATIONS (G: Ta =-40to +105°C)

(4) Communication at different potential (1.8 V, 2.5V, 3 V) (UART mode) (2/2)
(Ta=-40 to +105°C, 2.4V <EVpop =Vbop < 5.5V, Vss = EVss =0 V)
Parameter Symbol Conditions HS (high-speed main) Mode | Unit
MIN. MAX.
Transfer rate Transmission |40V <EVop <55V, Note 1 bps
27V<Vo<40V Theoretical value of the 2.0M*2 | Mbps

maximum transfer rate
Co=50pF,Ro=14kQ, Vo =27V
27V<EVop<4.0V, Note 3 bps

23V<Vb<27V Theoretical value of the 1.2N4 | Mbps
maximum transfer rate

Co=50pF,Ro=27kQ,Vb=23V
24V<EVop<33V, Note 5 bps
16V<Vb<20V

Theoretical value of the 0.43 Mbps

maximum transfer rate Note 6

Co=50pF,Re=55kQ,Vb=16V

Notes 1. 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 4.0 V<EVop <55V and 2.7V <Vb <40V

Maximum transfer rate = 1 [bps]

{~Cox RoxIn (1— %/bz ) x 3

1 2.2
Transferrate x2 {=Cox Roxn (1-=y =)}

1
( Transfer rate

Baud rate error (theoretical value) = x 100 [%]

) x Number of transferred bits

* This value is the theoretical value of the relative difference between the transmission and reception sides.
2. This value as an example is calculated when the conditions described in the “Conditions” column are met.
Refer to Note 1 above to calculate the maximum transfer rate under conditions of the customer.
3. 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 <EVbop <4.0Vand 23V <Vb <27V

Maximum transfer rate = L [bps]

{~Cox RoxIn(1- %/bo )} x3

1 2.0
Transfer rate x 2 {=Cox RoxIn (1 -—y =)}

1
( Transfer rate )

Baud rate error (theoretical value) = x 100 [%]

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.

RO1DS0157EJ0210 Rev.2.10 RENESAS Page 101 of 131
Sep 30, 2016 -



RL78/L12 3. ELECTRICAL SPECIFICATIONS (G: Ta =-40to +105°C)

3.6.4 LVD circuit characteristics

(TAa =-40 to +105°C, Vror < EVDp = VDD < 5.5 V, Vss = EVss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection Supply voltage level Vwvoo Power supply rise time 3.90 4.06 4.22
voltage Power supply fall time 3.83 3.98 4.13 \%
Vivop1 Power supply rise time 3.60 3.75 3.90 \
Power supply fall time 3.53 3.67 3.81 \%
Vivo2 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 \
Vivp4 Power supply rise time 2.81 2.92 3.03 \%
Power supply fall time 2.75 2.86 2.97 \%
Vivos Power supply rise time 2.70 2.81 2.92 \%
Power supply fall time 2.64 2.75 2.86 \%
Vivos Power supply rise time 2.61 2.71 2.81 \
Power supply fall time 2.55 2.65 2.75 \%
Vivor Power supply rise time 2.51 2.61 2.71 \
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=—-40 to +105°C, Veor < EVop = VDD < 5.5V, Vss = EVss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Interrupt and reset | Vivooo Vrocz, Vroct, Vroco = 0, 1, 1, falling reset voltage 2.64 2.75 2.86 \
mode VLvoo1 LVIS1, LVISO =1, 0 |Rising release reset voltage | 2.81 2.92 3.03 \Y

Falling interrupt voltage 2.75 2.86 2.97 \%
Vivop2 LVIS1, LVISO =0, 1 |Rising release reset voltage 2.90 3.02 3.14 \%
Falling interrupt voltage 2.85 2.96 3.07 \%
VLvop3 LVIS1,LVISO =0, 0 [Rising release reset voltage 3.90 4.06 4.22 \%
Falling interrupt voltage 3.83 3.98 4.13 \%

3.6.5 Power supply voltage rising slope characteristics

(Ta=—40 to +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 Vop reaches the
operating voltage range shown in 31.4 AC Characteristics.
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