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RL78/L12

1. OUTLINE

1.5.5 64-pin products

TI00/P141 —~
TOO00/P140 ~—

TI01/TO01/P30 ~——=

TI02/TO02/P17
(TI02/TO02/P54)

TI03/TO03/P32 ~—~

TI04/TO04/P41 ~—~

TIO5/TO05/P42 ~—=

TIO6/TO06/P51 ~—=

TIO7/TO07/P53 ~—{

TIMER ARRAY
UNITO (8ch)

ch0

chl

ch2

ch3

ch4

ch5

ché

ch7

RTC1HZ/P31 ~—|

REAL-TIME
CLOCK

e

i}

LOW-SPEED
oNCHP [~ 1% B';:\’A\EERVAL
OSCILLATOR
WINDOW
WATCHDOG
TIMER
LcD
SEGO to SEG38< 39
CONTROLLER/
CoMo to com7< 8] DRIVER
Via o Ve RAM SPACE
CAPH ——| FOR LCD DATA
cAPL —]
SERIAL ARRAY
UNITO (2¢h)
RXDO/PLL — =]
TXDO/P12 ~—| UARTO
SCK00/P10
SI00/P11 csloo
SO00/P12
SCKO01/P15
SloLP16 csiot
SO0LPL7
SDAAOIPEL ] SERIAL
SCLAO/PG0 ~—=| INTERFACE IICAD

MULTIPLIER&
DIVIDER,
MULITIPLY-
ACCUMULATOR

0

BCD
ADJUSTMENT

U

-

K 2] ANI0/P20, ANIL/P21
ANIL6/P41, ANIL7/P120,
ANIL8/P13, ANI19/P14

A/D CONVERTER |77 ANI20/P142 to ANI23/P145

AVrerp/P20
AVrerm/P21

RLS | CODE FLASH MEMORY
CPU
CORE K— pATA FLASH MEMORY
RAM
Vob, Vss, TOOLRxD/P11,
EVoo EVss TOOLTXD/P12

-

DIRECT MEMORY

ACCESS CONTROL CRC

<:> P10 to P17
<:> P20, P21
<:> P30 to P32
<:> P40 to P43
<:> P50 to P54
<:> P60, P61
<:> P70 to P74
o e
=
“ﬂ P140 to P147

BUZZER OUTPUT

PCLBUZ0/P140
(PCLBUZ0/P50),
PCLBUZ1/P141

CLOCK OUTPUT
CONTROL

(| kevReTURN (A KROPTO

-

POWER ON RESET/ PORILVD
VOLTAGE CONTROL
DETECTOR

RESET CONTROL

{_>| on-cHIP DEBUG TOOLO/P40
SYSTEM RESET
CONTROL X1/P121
IGRSPEED X2/EXCLK/P122
ON-CHIP XT1/P123
OSCILLATOR XT2/EXCLKS/P124
VOLTAGE
REGULATOR REGC

~—— INTPO/P137

INTP1/P15(INTP1/P53),
<ZI INTP2/P16(INTP2/P54)

INTP3/P31,
INTP4/P32

~—— INTP5/P50
~—— INTP6/P52(INTP6/P140)
~—— INTP7/P43(INTP7/P141)

INTERRUPT
CONTROL

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/O redirection
register (PIOR)
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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
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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)

Notes 1. Total current flowing into Voo 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, 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 and subsystem clock are stopped.

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,

d

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
LS (low-speed main) mode: 1.8V <Vbop <5.5V@1 MHz to 8 MHz
LV (low-voltage main) mode: 1.6 V <Vbp <5.5 V@1 MHz to 4 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 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)

(5) Communication at different potential (2.5 V, 3 V) (CSI mode) (master mode, SCKp... internal clock output,

corresponding CSI00 only)

(Ta=-40 to +85°C, 2.7 V<EVbp =Vpp < 5.5V, Vss = EVss =0 V)

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 tkevi tkeyt > 2ffok | 4.0 V<EVoD <55V, 200 1150 1150 ns
27V<Vb<40V, Notet Note 1 Note t
Cb=20pF, Ro=1.4 kQ
27V<EVop<40V, 300 1150 1150 ns
23V<\b<27 V, Note 1 Note 1 Note 1
Cb =20 pF, Ro=2.7 kQ
SCKp high-level width tkH1 40V<EVop<55V,27V<Wb<4.0V, |tkev/2 tkey1/2 tkey1/2 ns
Cb=20 pF, Ro= 1.4 kQ -50 -50 -50
27V<EVop<4.0V,23V<W<27V, |tkevi/2 tkey1/2 tkey1/2 ns
Cb=20 pF, Ro= 2.7 kQ - 120 -120 - 120
SCKp low-level width tkL1 40V<EVop<55V,27V<Wb<4.0V, |tkevi/2 tkey1/2 tkey1/2 ns
Cb=20pF, Ro=14kQ -7 -50 -50
27V<EVp<4.0V,23V<Ww<27V, |tkeri/2 tkey1/2 tkey1/2 ns
Co=20 pF, Ro= 2.7 kQ -10 -50 -50
Slp setup time tsik1 40V<EVD<55V,27V<Vb<4.0V, 58 479 479 ns
(to SCKpT)™** Co=20pF, Ro=14kQ
27V<EVD<4.0V,23V<Ve<27V, | 121 479 479 ns
Cb=20pF, Ro=2.7 kQ
Slp hold time tksit 40V<EVD<55V,27V<Vb<4.0V, 10 10 10 ns
(from SCKpT) "' Co=20pF, Ro=14kQ
27V<EVop<40V,23V<Wh<27V, 10 10 10 ns
Cb =20 pF, Ro =2.7 kQ
Delay time from SCKp! to | tkso 40V<EVoD<55V,27V<Vb<4.0V, 60 60 60 ns
SOp output **** Cb=20pF,Ro=14kQ
27V<EVop<40V,23VWw<27V, 130 130 130 ns
Cb =20 pF, Ro=2.7 kQ
Slp setup time tsik1 40V<EVoD<55V,27V<Wb<40V, | 23 110 110 ns
(to SCKpl)™*? Co =20 pF, Ro = 14 kQ
27V<EVop<40V,23V<Ww<27V, | 33 110 110 ns
Cb=20pF, Ro=2.7 kQ
Slp hold time tksit 40V<EVD<55V,27V<Vb<4.0V, 10 10 10 ns
(from SCKp!) "*'*? Co=20pF, Ro=14kQ
27V<EVop<4.0V,23V<W<27V, 10 10 10 ns
Cb =20 pF, Ro=2.7 kQ
Delay time from SCKpT to | tksor 40V<EVoD<55V,27V<Vb<4.0V, 10 10 10 ns
SOp output " Co=20 pF, R = 1.4 kQ
27V<EVop<40V,23VWh<27V, 10 10 10 ns
Cb=20pF, Ro=2.7 kQ
(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)

Notes 1. For CSI00, set a cycle of 2/fuck or longer. For CSI01, set a cycle of 4/fmck or longer.
2. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.
3. When DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

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.

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, 01), m: Unit number (m = 0), n: Channel number (n =0, 1),
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 2. ELECTRICAL SPECIFICATIONS (A, G: Ta = -40 to +85°C)

2.5.2 Serial interface IICA

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

Parameter Symbol Conditions HS (high- |LS (low-speed| LV (low- Unit
speed main) | main) Mode |voltage main)
Mode Mode
MIN. [ MAX. | MIN. | MIN. [ MAX. | MIN.
SCLAO clock frequency fscL Standard 27V<EVop<55V 0 100 | 0 100 | 0 100 | kHz
;:id:'1 MHz 24V<EVop<55V 0 100 0 100 0 100
1.8V<EVop<55V 0 100 0 100
1.6 V<EVop<55V 0 100
Setup time of restart condition tsu:sTa 27V<EVop<55V 4.7 4.7 4.7 us
24V<EVop<55V 47 47 47
1.8V<EVop<55V 47 47
16V<EVop<55V 47
Hold time " tipsta | 2.7 V<EVop<55V 4.0 4.0 4.0 us
24V<EVon <55V 4.0 4.0 4.0
1.8V<EVop<55V 4.0 4.0
16 V<EVop<55V 4.0
Hold time when SCLAO = “L” trow 27V<EVop<55V 47 47 47 us
24V <EVop<55V 47 47 47
1.8V<EVop<55V 4.7 47
16 V<EVop<55V 47
Hold time when SCLAQ = “H” triGH 27V<EVmm <55V 4.0 4.0 4.0 us
24V<EVop<55V 4.0 4.0 4.0
1.8V<EVop<55V 4.0 4.0
16V<EVop<55V 4.0
Data setup time (reception) tsu:paT 27V<EVop <55V 250 250 250 ns
24V<EVon <55V 250 250 250
1.8V<EVop<55V 250 250
16 V<EVop<55V 250
Data hold time (transmission)***? | tuopar | 2.7 V<EVon <55V 0 |345| 0 |[345| 0 | 345 | us
24V <EVop<55V 0 345 0 345 0 345
1.8V<EVop<55V 0 345 0 345
16 V<EVop<55V 0 345
Setup time of stop condition tsu:sto 27V<EVop<55V 4.0 4.0 4.0 us
24V<EVop<55V 4.0 4.0 4.0
1.8V<EVop<55V 4.0 4.0
16V<EVop<55V 4.0
Bus-free time tBur 27V<EVop <55V 4.7 4.7 4.7 us
24V<EVon <55V 47 4.7 47
1.8V<EVop<55V 47 47
16 V<EVop<55V 47

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

(3) When reference voltage (+) = Voo (ADREFP1 = 0, ADREFPO = 0), reference voltage (-) = Vss (ADREFM = 0),
target pin : ANIO, ANI1, ANI16 to ANI23, internal reference voltage, and temperature sensor output voltage

(Ta =-40 to +85°C, 1.6 V< EVpp = Vob < 5.5V, Vss = EVss = 0 V, Reference voltage (+) = Vob, Reference voltage (-)
= Vss)

Parameter Symbol Conditions MIN. TYP. MAX. | Unit
Resolution RES 8 10 bit
Overall error*®" AINL | 10-bit resolution 1.8V<VbD<55V 1.2 +7.0 | LSB

16V<Vbb<55V 1.2 +10.5 | LSB
Note 3
Conversion time tconv 10-bit resolution 36V<VbD<55V | 2125 39 us
27V<Vbb<55V | 3.1875 39 s
1.8V<Vbb<55V 17 39 s
16V<Vbb<55V 57 95 s
10-bit resolution 36V<VbDb<55V | 2375 39 us
Target pin: Internal 27V<VopD<55V | 3.5625 39 | us
reference voltage, and
24V<Vbob<55V 17 39 s
temperature sensor output
voltage (HS (high-speed
main) mode)
Zero-scale error"*®*"? Ezs 10-bit resolution 1.8V<VbD<55V +0.60 [%FSR|
16V<Vbb<55V +0.85 [%FSR|
Note 3
Full-scale error"*'* "2 Ers 10-bit resolution 1.8V<Vop<55V +0.60 |%FSR|
16V<Vbb<55V +0.85 [%FSR|
Note 3
Integral linearity error"®e’ ILE 10-bit resolution 1.8V<VbD<55V +4.0 | LSB
16V<Vbb<55V +6.5 | LSB
Note 3
Differential linearity error Nete | D) E 10-bit resolution 1.8V<VbD<55V +2.0 | LSB
16V<Vbb<55V +2.5 | LSB
Note 3
Analog input voltage Vamn ANIO, ANI1 0 Vob \%
ANI16 to ANI23 0 EVoo
Internal reference voltage Veer N4
(2.4V <VpD £5.5V, HS (high-speed main) mode)
Temperature sensor output voltage Vrmpszs Vo4 \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 us (max.).
4. Refer to 2.6.2 Temperature sensor/internal reference voltage characteristics.
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RL78/L12

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

2.6.3 POR circuit characteristics

(Ta=—40 to +85°C, Vss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection voltage Vror Power supply rise time 1.47 1.51 1.55 Y
VPDR Power supply fall time 1.46 1.50 1.54 \
Minimum pulse widthM°* 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).
- Tpew
Supply voltage (Vbp) E
VpDROr0.7V -=--------- '
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta = -40 to +85°C)

(2) 1/4 bias method
(TA=-40 to +85°C,1.8V<Vop<5.5V,Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

LCD output voltage variation range | VitN*** | C1to C5"**" | VLCD = 04H 0.90 1.00 1.08 \Y

=047 uF VLCD = 05H 0.95 1.05 113 Vv

VLCD = 06H 1.00 1.10 118 Y,

VLCD = 07H 1.05 1.15 1.3 \Y

VLCD = 08H 1.10 1.20 1.8 \Y

VLCD = 09H 1.15 125 133 Y,

VLCD = 0AH 1.20 1.30 138 \Y

VLCD = 0BH 1.25 1.35 143 %

VLCD = 0CH 1.30 1.40 148 \Y

VLCD = 0DH 1.35 145 153 Y,

VLCD = 0EH 1.40 1.50 158 \Y

VLCD = OFH 1.45 1.55 163 Y,

VLCD = 10H 1.50 1.60 168 \Y

VLCD = 11H 1.55 165 173 Y,

VLCD = 12H 1.60 1.70 178 %

VLCD = 13H 1.65 1.75 183 \Y

Doubler output voltage Vi C1to C5M""' = 0.47 uF 2Vii-0.08| 2Vu AVE Y

Tripler output voltage Vis C1to C5M""' =047 uF 3Vu-0.12| 3 Vu 3V \Y;

Quadruply output voltage Vit | C1to C5N T = 0.47 uF 4Vi1-0.16| 4 Vu 4 Vi \Y;
Reference voltage setup time "% | twart 5 ms
Voltage boost wait time"°*®? twar2 | C1to C5N° " = 0.47 uF 500 ms

Notes 1. This is a capacitor that is connected between voltage pins used to drive the LCD.
C1: A capacitor connected between CAPH and CAPL
C2: A capacitor connected between Vi1 and GND
C3: A capacitor connected between V2 and GND
C4: A capacitor connected between Vis and GND
C5: A capacitor connected between Vi: and GND
C1=C2=C3=C4=C5=0.47 uF+30%

2. This is the time required to wait from when the reference voltage is specified by using the VLCD register (or when
the internal voltage boosting method is selected [by setting the MDSET1 and MDSETO bits of the LCDMO
register to 01B] if the default value reference voltage is used) until voltage boosting starts (VLCON = 1).

3. This is the wait time from when voltage boosting is started (VLCON = 1) until display is enabled (LCDON = 1).

4. Visamust be 5.5V or lower.

2.7.3 Capacitor split method

1/3 bias method
(Ta=-40 to +85°C,2.2V<Vop<5.5V,Vss =0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
V4 voltage Vi C1to C4 = 0.47 yFNte? Voo \Y;
V2 voltage Vi C1to C4 = 0.47 y F"*°? 2/3Via | 213V | 2/3Via v
- 0.1 +0.1
VL1 voltage VLt C1to C4 = 0.47 yF\te? 1/3Via | 1/3 Vi | 1/3 Vi \Y;
- 0.1 +0.1
Capacitor split wait time"**®" tvwarr 100 ms
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RL78/L12

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

(TA=-40to +105°C, 2.4 V<EVbp =VbD< 5.5V, Vss =EVss =0 V) (2/3)
Parameter | Symbol Conditions MIN. TYP. MAX. Unit
Supply Ioo2 HALT HS (high- | fiy = 24 MHz"** Voo =5.0V 0.44 2.3 mA
current | "% | mode ;p:(f: ot Voo = 3.0V 044 | 23 | mA

fin = 16 MHz " * Voo = 5.0 V 0.40 1.7 mA
Voo =3.0V 0.40 1.7 mA
HS (high- fux = 20 MHZ*?, Square wave input 0.28 1.9 mA

speed main)
mode N°te 7 Vop =5.0V Resonator connection 0.45 2.0 mA
fux = 20 MHZN'*®3, Square wave input 0.28 1.9 mA
Voo =3.0V Resonator connection 0.45 2.0 mA
fux = 10 MHZN'*®3, Square wave input 0.19 1.02 mA
Voo =5.0V Resonator connection 0.26 1.10 mA
fux = 10 MHZN'*®3, Square wave input 0.19 1.02 mA
Voo =3.0V Resonator connection 0.26 1.10 mA
Subsystem | fsus = 32.768 kHz"*®® | Square wave input 0.31 0.57 LA
clock Ta=—-40°C Resonator connection 0.50 0.76 UA
operation fsus = 32.768 kHZ"**® | Square wave input 0.37 0.57 LA
Ta=+25°C Resonator connection 0.56 0.76 HA
fsus = 32.768 kHz"**® | Square wave input 0.46 1.17 LA
Ta =+50°C Resonator connection 0.65 1.36 HA
fsus = 32.768 kHz"*"*® | Square wave input 0.57 1.97 LA
Ta=+70°C Resonator connection 0.76 2.16 HA
fsus = 32.768 kHz"*"*® | Square wave input 0.85 3.37 LA
Ta=+85°C Resonator connection 1.04 3.56 HA
fsus = 32.768 kHz"***® | Square wave input 3.04 | 1537 | uA
Ta=+105°C Resonator connection 3.23 15.56 HA
Ioos"*® | STOP Ta =-40°C 0.17 | 0.50 LA
mode™*® | 1, - 4o50c 023 | 050 | uA
Ta=+50°C 0.32 1.10 LA
Ta=+70°C 0.43 1.90 UA
Ta=+85°C 0.71 3.30 HA
Ta=+105°C 2.90 15.30 UA

(Notes and Remarks are listed on the next page.)
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RL78/L12 3. ELECTRICAL SPECIFICATIONS (G: Ta =-40to +105°C)

Notes 1. Current flowing to Voo.

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

3. Current flowing only to the real-time clock (RTC) (excluding the operating current of the low-speed on-chip
oscillator and the XT1 oscillator). The supply current of the RL78 microcontrollers is the sum of the values of
either Iop1 or Ibb2, and IrTc, when the real-time clock operates in operation mode or HALT mode. When the
low-speed on-chip oscillator is selected, IFiL should be added. Ilop2 subsystem clock operation includes the
operational current of the real-time clock.

4. Current flowing only to the 12-bit interval timer (excluding the operating current of the low-speed on-chip
oscillator and the XT1 oscillator). The supply current of the RL78 microcontrollers is the sum of the values of
either Iob1 or lop2, and IiT, when the 12-bit interval timer operates in operation mode or HALT mode. When the
low-speed on-chip oscillator is selected, IFiL should be added.

5. 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 Ibp1, Iop2 or Ibps and Iwot when the watchdog
timer is in operation.

6. Current flowing only to the A/D converter. The supply current of the RL78 microcontrollers is the sum of Ibp1 or
Iob2 and laoc when the A/D converter operates in an operation mode or the HALT mode.

7. Current flowing only to the LVD circuit. The supply current of the RL78 microcontrollers is the sum of Ipop1, Ipp2
or Iops and Ivo when the LVD circuit is in operation.

8. Current flowing only during data flash rewrite.

9. Current flowing only during self programming.

10. For shift time to the SNOOZE mode.

11. Current flowing only to the LCD controller/driver. The supply current value of the RL78 microcontrollers is the
sum of the LCD operating current (lLco1, I.cp2 or Icps) to the supply current (lop1 or Ibp2) when the LCD
controller/driver operates in an operation mode or HALT mode. Not including the current that flows through the
LCD panel.

The TYP. value and MAX. value are following conditions.
e When fsus is selected for system clock, LCD clock = 128 Hz (LCDCO = 07H)
¢ 4-Time-Slice, 1/3 Bias Method

12. Not including the current that flows through the external divider resistor when the external resistance division
method is used.

Remarks 1. fi.: Low-speed on-chip oscillator clock frequency
2. fsus: Subsystem clock frequency (XT1 clock oscillation frequency)
3. fck: CPU/peripheral hardware clock frequency
4. 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)

(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)

(5) Communication at different potential (1.8 V, 2.5 V, 3 V) (CSI mode) (master mode, SCKp... internal clock
output) (2/2)
(Ta=-40 to +105°C, 2.4 V< EVpp =Vop < 5.5V, Vss = EVss =0 V)

Parameter

Symbol

Conditions

HS (high-speed main) Mode

MIN. MAX.

Unit

Slp setup time
(to SCKpT)"oe"

tsik1

40V<EVoD<55V,27V<Vb<40V,
Cb =30 pF, Ro = 1.4 kQ

162

ns

27V<EVop<4.0V,23V<Vb<27V,
Cb =30 pF, Ro = 2.7 kQ

354

ns

24V<EVop<33V,16V<Vb<20V,
Cb =30 pF, Ro =5.5kQ

958

ns

Slp hold time
(from SCKpT) Nete !

tksi1

40V<EVop<55V,27V<Vo<4.0V,
Cb = 30 pF, Ro = 1.4 kQ

38

ns

27V<EVop<4.0V,23V<Vb<27V,
Cb =30 pF, Rp = 2.7 kQ

38

ns

24V<EVop<33V,16V<Vb<20V,
Cb =30 pF, Ro = 5.5 kQ

38

ns

Delay time from SCKpJ to
SOp output Mt

tkso1

40V<EVoD<55V,27V<Vb<40V,
Cb =30 pF, Ro = 1.4 kQ

200

ns

27V<EVop<4.0V,23V<Vo<27V,
Cb = 30 pF, Ro = 2.7 kQ

390

ns

24V<EVop<33V,16V<Vpb<20V,
Cb =30 pF, Rp = 2.7 kQ

966

ns

Slp setup time
(to SCKpd)N*e

tsik1

40V<EVoD<55V,27V<Vb<40V,
Cb =30 pF, Ro = 1.4 kQ

88

ns

27V<EVop<40V,23V<Vpb<27V,
Cb =30 pF, Ro = 2.7 kQ

88

ns

24V<EVop<33V,16V<Vb<20V,
Cb = 30 pF, Ro = 5.5 kQ

220

ns

Slp hold time
(from SCKpl) Note?

tksi1

40V<EVop<55V,27V<Vb<40V,
Cb =30 pF, Rp = 1.4 kQ

38

ns

27V<EVop<4.0V,23V<Vb<27V,
Cb =30 pF, Ro = 2.7 kQ

38

ns

24V<EVop<33V,16V<Vb<20V,
Cb =30 pF, Ro=5.5kQ

38

ns

Delay time from SCKpT to
SOp output Vo2

tkso1

40V<EVop<55V,27V<Vo<4.0V,
Cb = 30 pF, Ro = 1.4 kQ

50

ns

27V<EVop<4.0V,23V<Vb<27V,
Cb =30 pF, Rp = 2.7 kQ

50

ns

24V<EVop<33V,16V<Vb<20V,
Cb =30 pF, Ro = 5.5 kQ

50

ns

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

R0O1DS0157EJ0210 Rev.2.10

Sep 30, 2016

RRENESAS

Page 105 of 131




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

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

tkeyi
tut tkH1
SCKp
X\ N\
tsiki tksit
Slp Input data
tkso1
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.)

tkey1
tkH1 tkt
"
SCKp /
_/ \ e
tsiki tksi
Slp Input data
tkso1

SOp Output data

Remark p: CSIl number (p = 00, 01), m: Unit number (m = 0), n: Channel number (n =0, 1),
g: PIM and POM number (g = 1)
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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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The mark “<R>" shows major revised points. The revised points can be easily searched by copying an “<R>" in the
PDF file and specifying it in the “Find what:” field.

All trademarks and registered trademarks are the property of their respective owners.

SuperFlash is a registered trademark of Silicon Storage Technology, Inc. in several countries including the United
States and Japan.
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NOTES FOR CMOS DEVICES

(1) VOLTAGE APPLICATION WAVEFORM AT INPUT PIN: Waveform distortion due to input noise or a
reflected wave may cause malfunction. If the input of the CMOS device stays in the area between VIL
(MAX) and VIH (MIN) due to noise, etc., the device may malfunction. Take care to prevent chattering noise
from entering the device when the input level is fixed, and also in the transition period when the input level
passes through the area between VIL (MAX) and VIH (MIN).

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

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

(4) STATUS BEFORE INITIALIZATION: Power-on does not necessarily define the initial status of a MOS
device. Immediately after the power source is turned ON, devices with reset functions have not yet been
initialized. Hence, power-on does not guarantee output pin levels, 1/O settings or contents of registers. A
device is not initialized until the reset signal is received. A reset operation must be executed immediately
after power-on for devices with reset functions.

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

(6) INPUT OF SIGNAL DURING POWER OFF STATE : Do not input signals or an 1/O pull-up power supply
while the device is not powered. The current injection that results from input of such a signal or 1/O pull-up
power supply may cause malfunction and the abnormal current that passes in the device at this time may
cause degradation of internal elements. Input of signals during the power off state must be judged
separately for each device and according to related specifications governing the device.




