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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Active

RL78

16-Bit

24MHz

CSI, I2C, LINbus, UART/USART
DMA, LCD, LVD, POR, PWM, WDT
20

32KB (32K x 8)

FLASH

2Kx 8

1.5Kx 8

1.6V ~ 5.5V

A/D 4x8/10b

Internal

-40°C ~ 85°C (TA)

Surface Mount

32-LQFP

32-LQFP (7x7)
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RL78/L12

1. OUTLINE

1.3.5 64-pin products
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Cautions 1. Make EVss pin the same potential as Vss pin.

2. Make Vbp pin the same potential as EVoo pin.

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

Remarks 1. For pin identification, see 1.4 Pin Identification.

2. 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.

3. Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/0

redirection register (PIOR).
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RL78/L12

1. OUTLINE

1.5.4 52-pin products

g

TIMER ARRAY
UNITO (8ch)
TIO0/P141 — ]

TO00/P140 ~— cho
TI01/TO01/P30 ~—{=| chl
TI02/TO02/P17 .| ch2

(TI02/TO02/P12)
TIO3/TO03/P32 ~—] ch3
TI04/TO04/P4L ~—1= chd
TI05/TO05/P42 ~—1= chs
TI06/TO06/P51 ~—1t= ché
TIO7/TO07/P10 ~— ch7
RTC1HZ/P31 «—] REAL-TIME
’—> CLOCK
LOW-SPEED
A 12- BI;:\IA\II'_:I'SRVAL
OSCILLATOR
WINDOW
WATCHDOG
TIMER
SEGO to SEGS,
SEG15 to SEG21, 30 ] Lcp
SEG23 to SEG36 CONTROLLER/
COMO to COM7 DRIVER
Vito Vi RAM SPACE
CAPH ——| FOR LCD DATA
CAPL —|

RxDO/P11 —~
TXDO/P12 ~—

SERIAL ARRAY
UNITO (2ch)

UARTO

e
SI00/P11 Csloo
SO00/P12
SCKO1/P15
SI01/P16 csloL
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RL78 CODE FLASH MEMORY
CPU
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{
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Voo  Vss TOOLRxD/P11,
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-
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<:>P3o to P32
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o 2
[
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P120, P125 to P127
P121 to P124

BUZZER OUTPUT

CLOCK OUTPUT
CONTROL

PCLBUZ0/P140
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PCLBUZ1/P141

K2 KROIP70, KR1/P71
| KevRETURN
K21 KR2/P31, KR3/P30

POWER ON RESET/ PORILVD
VOLTAGE CONTROL
DETECTOR

RESET CONTROL

| on-cHiP DEBUG TOOLO/P40
SYSTEM [l«———RESET
CONTROL X1/P121
NIGH-SPEED X2/EXCLK/P122
ON-CHIP XT1/P123
OSCILLATOR XT2/EXCLKS/P124
VOLTAGE
REGULATOR REGC

INTERRUPT
CONTROL

~—— INTPO/P137

INTP1/P15(INTP1/P10),
<II INTP2/P16(INTP2/P11)

INTP3/P31,
INTP4/P32

[~—— INTP5/P50

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral /O redirection
register (PIOR)
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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) (4/5)
Items Symbol Conditions MIN. TYP. MAX. Unit
Output voltage, | Vont P10 to P17, P30 to P32, P40 to P43, | 40 V<EVop <5.5V, |EVop-1.5 \
high P50 to P54, P70 to P74, P120, lon1 = =10 mA
P125 to P127, P130, P140 to P147 4.0V<EVop<55V, |EVoo-0.7 v
lon1 =-3.0 mA
2.7V <EVop<5.5V, [EVopo-0.6 \
lon1 = -2.0 mA
1.8V<EVop <55V, |EVoo-0.5 \%
lon1 =-1.5 mA
1.6 V<EVopb <55V, |EVop-0.5 \%
loH1 =-1.0 mA
Vo2 P20, P21 1.6V<Vop<55V, | Voo-0.5 \Y
lon2 = -100 A
Output voltage, | Vou1 P10 to P17, P30 to P32, P40 to P43, | 40V <EVop <55V, 1.3 \%
low P50 to P54, P70 to P74, P120, lott =20 mA
lot1 = 8.5 mA
27V<EVp<55V, 0.6 \%
lot1 = 3.0 mA
27V<EVop<55V, 0.4 \%
lott =1.5mA
1.8V<EVoD <55V, 0.4 \%
lot1 = 0.6 mA
16 V<EVop <55V, 0.4 \%
lot1 = 0.3 mA
VoL2 P20, P21 1.6V<Vop<55V, 0.4 \%
lor2 =400 A
Vous P60, P61 40V<EVop<55YV, 2.0 \%
lots =15.0 mA
40V<EVop<55V, 0.4 \%
lots = 5.0 mA
27V<EVp<55V, 0.4 \%
lots = 3.0 mA
1.8V<EVop<55V, 0.4 \%
lots =2.0 mA
16 V<EVop <55V, 0.4 \
lots=1.0 mA

Caution P10, P12, P15, 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 2. ELECTRICAL SPECIFICATIONS (A, G: Ta = -40 to +85°C)

2.3.2 Supply current characteristics

(TA=-40to +85°C,1.6 V<EVpop=VDD< 5.5V, Vss =EVss =0 V) (1/3)
Parameter | Symbol Conditions MIN. | TYP. | MAX. | Unit
Supply Iop1 Operating | HS (high- fin =24 MHZ"*® |Basic |Vop=5.0V 15 mA
current mode speed main) operation [\, =30V 15 mA
Note 1 modem5 . .

Normal | Voo =5.0V 3.3 5.0 mA
operation |/, = 3.0 v 33 | 50 | mA
fin =16 MHZ"* | Normal |Voo=5.0V 2.5 3.7 mA
operation | v/, = 3.0 v 25 | 37 | mA
LS (low-speed | fin = 8 MHZ""**® Normal | Voo =3.0V 1.2 1.8 mA
main) mode"** operation [\, = 2 0 v 12 | 18 | mA
LV (low- fin = 4 MHZV"®® Normal | Voo =3.0V 1.2 1.7 mA
voItagN(:,:te r?ain) operation [/, = 20V 12 17 mA
mode
HS (high- fux = 20 MHZN**®?, | Normal | Square wave input 2.8 4.4 mA
spejdmr:ﬁln) Voo =5.0V operafion | Resonator connection 3.0 46 mA
mode’
fux = 20 MHZ"***?, | Normal | Square wave input 2.8 4.4 mA
Voo =3.0V operation | Resonator connection 3.0 46 mA
fux = 10 MHZ"*®2 | Normal | Square wave input 1.8 2.6 mA
Voo =5.0V operafion | Resonator connection 1.8 2.6 mA
fux = 10 MHZ"***?, | Normal | Square wave input 1.8 2.6 mA
Voo =3.0V operation | Resonator connection 18 | 26 | mA
LS (low-speed | fux = 8 MHz"**2, | Normal | Square wave input 1.1 1.7 mA
: Note .
;‘naln) mode™ | vpp = 3.0 V operafion | Resonator connection 1.1 1.7 mA
fux = 8 MHZ"**2, | Normal | Square wave input 1.1 1.7 mA
Voo =2.0V operation | Resonator connection 1.1 1.7 mA
Subsystem | feus = 32.768 kHZ"® | Normal | Square wave input 35 4.9 LA
4 .
clock operafion | Resonator connection 3.6 5.0 LA
operation Ta=-40°C
fsus = 32.768 kHZ"™® | Normal | Square wave input 3.6 4.9 LA
4 .
operafion | Resonator connection 3.7 5.0 LA
Ta=+25°C
fsus = 32.768 kHZ"™ | Normal | Square wave input 3.7 55 LA
4 .
Operation | Resonator connection 3.8 5.6 LA
Ta=+50°C
fsus = 32.768 kHZ"™® | Normal | Square wave input 3.8 6.3 LA
4 .
Operation | Resonator connection 3.9 6.4 LA
Ta=+70°C
fsus = 32.768 kHZ"™ | Normal | Square wave input 4.1 7.7 LA
4 .
operation | Resonator connection 4.2 7.8 LA
Ta=+85°C

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

3. 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 2.7 V<EVopb <4.0Vand 23V <Vb <27V

Maximum transfer rate = ! [bps]

{~Cox RoxIn (1 - %/8 B %3

1 2.0
Transfer rate x 2 {=CoxRexIn (1 - Vb )}

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.
5. Use it with EVobp > Vb.
6. 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 1.8 V <EVbop <3.3Vand 1.6 V<Vb <20V

Maximum transfer rate = 1 [bps]

{~Cox RoxIn(1- 1vb5 ) x 3

1 1.5
Transferrate 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.
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.

Caution Select the TTL input buffer for the RxDq pin and the N-ch open drain output (Voo tolerance (32-pin 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 Vin and ViL, 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 3. ELECTRICAL SPECIFICATIONS (G: Ta =-40to +105°C)

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

This chapter describes the electrical specifications for the products "G: Industrial applications (Ta = -40 to
+105°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. With products not provided with an EVob or EVss pin, replace EVop with Vop, or replace EVss with
Vss.

3. For derating with Ta = +85 to +105°C, contact our Sales Division or the vender's sales division.
Derating means the specified reduction in an operating parameter to improve reliability.
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RL78/L12 3. ELECTRICAL SPECIFICATIONS (G: Ta =-40to +105°C)

There are following differences between the products "G: Industrial applications (Ta = -40 to +105°C)" and the products “A:
Consumer applications, and G: Industrial applications (Ta = -40 to +85°C)".

Parameter Application

A: Consumer applications, G: Industrial applications
G: Industrial applications
(with Ta = -40 to +85°C)

Operating ambient temperature Ta =-40 to +85°C Ta=-40to +105°C

Operating mode HS (high-speed main) mode: HS (high-speed main) mode only:

Operating voltage range 2.7V <Vop £5.5V@1 MHz to 32 MHz 2.7V <Vop £5.5V@1 MHz to 32 MHz
2.4V <Vop<55V@1 MHz to 16 MHz 2.4V <Vop<55V@1 MHz to 16 MHz

LS (low-speed main) mode:

1.8V <Vop<55V@1 MHz to 8 MHz
LV (low-voltage main) mode:

1.6 V<Vop<5.5V@1 MHz to 4 MHz

High-speed on-chip oscillator clock 1.8V<Vop<55V: 24V <Vop<55V:

accuracy +1.0%@ Ta = -20 to +85°C +2.0%@ Ta = +85 to +105°C
+1.5%@ Ta = -40 to -20°C +1.0%@ Ta = -20 to +85°C
16V<Vopb<18V: +1.5%@ Ta =-40 to -20°C

+5.0%@ Ta =-20 to +85°C
15.5%@ Ta = -40 to -20°C

Serial array unit UART UART

CSI00: fewk/2 (supporting 16 Mbps), fek/4 CSI00: fek/4

CSI01 CSI01

Simplified I°C communication Simplified I°C communication
IICA Normal mode Normal mode

Fast mode Fast mode

Fast mode plus

Voltage detector Rise detection voltage: 1.67 V to 4.06 V Rise detection voltage: 2.61 V to 4.06 V
(14 levels) (8 levels)
Fall detection voltage: 1.63 V to 3.98 V Fall detection voltage: 2.55 V to 3.98 V
(14 levels) (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 G: Industrial applications (only with Ta = -40 to +85°C)".
For details, refer to 3.1 to 3.10.
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RL78/L12 3. ELECTRICAL SPECIFICATIONS (G: Ta =-40to +105°C)

Absolute Maximum Ratings (Ta = 25°C) (3/3)
Parameter Symbols Conditions Ratings Unit
Output current, high loH1 Per pin P10 to P17, P30 to P32, P40 to P43, -40 mA

P50 to P54, P70 to P74, P120,
P125 to P127, P130, P140 to P147

Total of all pins P10 to P14, P40 to P43, P120, -70 mA
-170 mA P130, P140 to P147
P15 to P17, P30 to P32, -100 mA

P50 to P54, P70 to P74,
P125 to P127

loHz Per pin P20, P21 -0.5 mA
Total of all pins -1 mA
Output current, low loL1 Per pin P10 to P17, P30 to P32, P40 to P43, 40 mA

P50 to P54, P60, P61, P70 to P74,
P120, P125 to P127, P130,
P140 to P147

Total of all pins P10 to P14, P40 to P43, P120, 70 mA
170 mA P130, P140 to P147
P15 to P17, P30 to P32, P50 to P54, 100 mA
P60, P61, P70 to P74, P125 to P127
loL2 Per pin P20, P21 1 mA
Total of all pins 2 mA
Operating ambient Ta In normal operation mode —40 to +105 °C
temperature In flash memory programming mode
Storage temperature Tstg —65 to +150 °C

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.

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 =-40 to +105°C)
(TA=-40to +105°C, 2.4 V<EVbp =VbD< 5.5V, Vss =EVss =0 V) (5/5)
ltems Symbol Conditions MIN. TYP. MAX. Unit
Input leakage ILiH1 P10 to P17, P30 to P32, Vi = EVop 1 HA
current, high P40 to P43, P50 to P54, P60,
P61, P70 to P74, P120,
P125 to P127, P140 to P147
ILiH2 P20, P21, P137, RESET Vi = Vop 1 HA
luHs P121 to P124 Vi=Vop | Ininput port or 1 HA
(X1, X2, XT1, XT2, EXCLK, external clock
EXCLKS) input
In resonator 10 HA
connection
Input leakage luiLt P10 to P17, P30 to P32, Vi = EVss -1 HA
current, low P40 to P43, P50 to P54, P60,
P61, P70 to P74, P120,
P125 to P127, P140 to P147
lLie P20, P21, P137, RESET Vi = Vss -1 HA
IuiLs P121 to P124 Vi = Vss In input port or -1 HA
(X1, X2, XT1, XT2, EXCLK, external clock
EXCLKS) input
In resonator -10 UA
connection
On-chip pll-up Ru1 Vi =EVss SEGxx port
resistance 24V<EVop=Vop<55V| 10 20 100 kQ
Ru2 Ports other than above 10 20 100 kQ
(Except for P60, P61, and
P130)

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)

3.5 Peripheral Functions Characteristics

AC Timing Test Points

Vin/ Vor Vin/ Vor
Test points
Viv/Vou > <: Viv/Vou

3.5.1 Serial array unit

(1) During communication at same potential (UART mode)
(Ta=-40 to +105°C, 2.4 V< EVpp =Vbop < 5.5V, Vss = EVss =0 V)

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

Transfer rate N fwok/12 bps
Theoretical value of the 2.0 Mbps
maximum transfer rate
fuok = fork Note 2

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

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

UART mode connection diagram (during communication at same potential)

TxDq Rx
RL78 microcontroller User's device
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

N\

Remarks 1. q: UART number (q = 0), g: PIM and POM number (g = 1)
2. 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) (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.
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RL78/L12 3. ELECTRICAL SPECIFICATIONS (G: Ta =-40to +105°C)

(2) I’C fast mode
(TA=-40 to +105°C, 2.4 V< EVbp = Vop < 5.5 V, Vss = EVss = 0 V)

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

SCLAO clock frequency fsoL Fast mode: 27V<EVop<55V 0 400 kHz
fek=3.5MHz | 54y <EVon<55V 0 400

Setup time of restart condition tsu:sTA 27V<EVop<55V 0.6 us
24V <EVop <55V 0.6

Hold time ' tHDsTA 27V<EVop<55V 0.6 us
24V <EVop <55V 0.6

Hold time when SCLAO = “L” tow 27V<EVop <55V 1.3 us
24V <EVop<55V 1.3

Hold time when SCLAO = “H” tHiGH 27V<EVop <55V 0.6 us
24V<EVop<b55V 0.6

Data setup time (reception) tsu:paT 27V<EVop <55V 100 ns
24V<EVop<b55V 100

Data hold time (transmission)“**? | tup.oar 27V<EVop<55V 0 0.9 us
24V <EVop <55V 0 0.9

Setup time of stop condition tsu:sto 27V<EVop <55V 0.6 us
24V <EVop <55V 0.6

Bus-free time teur 27V<EVop<55V 1.3 us
24V <EVop <55V 1.3

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.

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: Cb =320 pF, Ro = 1.1 kQ
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RL78/L12 3. ELECTRICAL SPECIFICATIONS (G: Ta =-40to +105°C)

3.6.2 Temperature sensor/internal reference voltage characteristics

(TAa=-40 to +105°C, 2.4 V< EVop = Vbp < 5.5V, Vss = EVss = 0 V, HS (high-speed main) mode)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Temperature sensor output voltage | Vimes2s | Setting ADS register = 80H, Ta = +25°C 1.05 \Y
Internal reference voltage V8GR Setting ADS register = 81H 1.38 1.45 1.5 \%
Temperature coefficient Fvrvps Temperature sensor that depends on the -3.6 mV/°C
temperature
Operation stabilization wait time tamp 5 us
3.6.3 POR circuit characteristics
(TAa =-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 V
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 Veor 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 (Vbp) E
VpDROr0.7V ----------- I
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RL78/L12 3. ELECTRICAL SPECIFICATIONS (G: Ta =-40to +105°C)

3.7 LCD Characteristics

3.7.1 Resistance division method

(1) Static display mode
(Ta=—40 to +105°C, Via (MIN.) < Vop"**®* < 5.5V, Vss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
LCD drive voltage Via 2.0 Vop \Y
Note Must be 2.4 V or higher.
(2) 1/2 bias method, 1/4 bias method
(Ta=-40 to +105°C, V4 (MIN.) <VbD < 5.5V, Vss =0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
LCD drive voltage Via 2.7 Vop \%
(3) 1/3 bias method
(Ta =-40 to +105°C, V4 (MIN.) <VbD < 5.5V, Vss =0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
LCD drive voltage Via 2.5 Vop \Y
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RL78/L12 3. ELECTRICAL SPECIFICATIONS (G: Ta =-40to +105°C)

3.11 Timing Specifications for Switching Flash Memory Programming Modes
(Ta=-40 to +105°C, 2.4 V< EVpbp = Vop < 5.5 V, Vss = EVss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Time to complete the communication | tsuinit POR and LVD reset must be released before 100 ms
for the initial setting after the external the external reset is released.

reset is released

Time to release the external reset tsu POR and LVD reset must be released before 10 us
after the TOOLO pin is set to the low the external reset is released.

level

Time to hold the TOOLDO pin at the tHp POR and LVD reset must be released before 1 ms
low level after the external reset is the external reset is released.

released

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

\

RESET /

#
|
|
' tup+
|
|
|
|
|

v
A

L.

\

A

S DAY
v

A

[ E .

soft processing:

time ' 1-byte data for mode setting

TOOLO

tsuiniT

:

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

<2> The external reset is released (POR and LVD reset must be released before the external
reset is released.).

<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 tsuinit: Communication for the initial setting must be completed within 100 ms after the external reset is released
during this period.
tsu:  Time to release the external reset after the TOOLO pin is set to the low level
tio:  Time to hold the TOOLO pin at the low level after the external reset is released (excluding the processing
time of the firmware to control the flash memory)
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RL78/L12

4. PACKAGE DRAWINGS

4.5 64-pin Pr

oducts

R5F10RLAAFA, R5F10RLCAFA
R5F10RLAGFA, R5F10RLCGFA

JEITA Package Code

RENESAS Code

Previous Code

MASS (TYP) [g]

P-LQFP64-12x12-0.65

PLQPO064JA-A

P64GK-65-UET-2

0.51

HD
D
NN detailoflead end
48 33
49 323
—] —
—1 ) \\ c—
—1 —
—] — l\ ——
— i
— — — L
L
p
] + — E HE
— e— L1 —~
— —
—1 —
— —] (UNIT:mm)
—- — ITEM DIMENSIONS
O —1 D 12.00+0.20
T 17 [ E 12.00+0.20
1 HD 14.0040.20
| HE  14.00£0.20
—ZE | UUHHU_ A 1.60 MAX.
Al 0.10+0.05
- b A2 1.40+0.05
0.25
A o 0
- Cous 30
L 0.50
J L Lp 0.60+0.15
S
Sauiiifiiiilihlinhhhhihliisas 1 100:0.20
- o +5°
T 3 +3O
E Al- [e] 0.65
X 0.13
y 0.10
zD
NOTE 1.125
ZE 1.125

Each lead centerline is located within 0.13 mm of
its true position at maximum material condition.
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