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RL78/L13

1. OUTLINE

O ROM, RAM capacities

Flash ROM Data Flash RAM RL78/L13
64 pins 80 pins
128 KB 4 KB 8 KBMNete R5F10WLG R5F10WMG
96 KB 4 KB 6 KB R5F10WLF R5F10WMF
64 KB 4 KB 4 KB R5F10WLE R5F10WME
48 KB 4 KB 2 KB R5F10WLD R5F10WMD
32 KB 4 KB 1.5 KB R5F10WLC R5F10WMC
16 KB 4 KB 1KB R5F10WLA R5F10WMA

Note This is about 7 KB when the self-programming function and data flash function are used. (For details, see

CHAPTER 3 in the RL78/L13 User's Manual.)
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta = —-40 to +85°C)

2.1 Absolute Maximum Ratings

Absolute Maximum Ratings (1/3)

Parameter Symbol Conditions Ratings Unit
Supply voltage Vob -0.5to +6.5 \%
REGC pin input voltage | Virecc REGC -0.3t0 +2.8 \%

and —0.3 to Voo +0.3Nte?

Input voltage Vit P00 to P07, P10 to P17, P20 to P27, P30 to P35, -0.3 to Vop +0.3Nte2 \
P40 to P47, P50 to P57, P60, P61, P70 to P77,
P121 to P127, P130, P137

Vi2 P60 and P61 (N-ch open-drain) -0.3to +6.5 \Y
Vi EXCLK, EXCLKS, RESET -0.3 to Vop +0.3N0te2
Output voltage Vo1 P00 to P07, P10 to P17, P20 to P27, P30 to P35, -0.3 to Vpp +0.3Nete2

P40 to P47, P50 to P57, P60, P61, P70 to P77,
P121 to P127, P130, P137

Analog input voltage Va1 ANIO, ANI1, ANI16 to ANI26 —0.3 to Voo +0.3 \Y
and —0.3 to AVRrer(+) +0.3Notes 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.
Must be 6.5 V or lower.
3. Do not exceed AVRer(+) + 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. AVRerF (+): + side reference voltage of the A/D converter.
Vss: Reference voltage
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta = —-40 to +85°C)

(TA=-40to +85°C, 1.6 V<VbD<55V,Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Output voltage, VoH1 P00 to P07, P10 to P17, P22 to P27, {40V <Vop<55V, |Vob-1.5 \%
high P30 to P35, P40 to P47, P50 to P57, | lon1 =—-10.0 mA

P70 to P77, P125 to P127, P130 40V<Vop<55YV, |Voo—07 v
lon1 =-3.0 mA
27V<Vop<55V, |Vopo-0.6 \
lon1 = -2.0 mA
1.8V<Vop<55V, |Voo-0.5 \%
lont = -1.5 mA
1.6V<Vop<55V, |Voo-0.5 \%
lon1 =-1.0 mA
VoH2 P20 and P21 1.6V<Vop<55V, |Vob-0.5 \%
loHz =-100 z A
Output voltage, Vo1 P00 to P07, P10 to P17, P22 to P27, {40V <Vopb<5.5YV, 1.3 \%
low P30 to P35, P40 to P47, P50 to P57, | lot1 =20 mA
lot1 = 8.5 mA
27V<Vopb<55V, 0.6 \%
lot1 = 3.0 mA
27V<Vopb<55V, 0.4 \%
lott =1.5mA
1.8V<Vop<55YV, 0.4 \%
lot1 = 0.6 mA
1.6V<Vop<18YV, 0.4 \%
lo1 =0.3 mA
VoL2 P20 and P21 1.6V<Vop<55V, 0.4 \
loL2 = 400 pA
Vous P60 and P61 40V<Vop<55YV, 2.0 \%
lots =15.0 mA
40V<Vop<55V, 0.4 \%
lo,s = 5.0 mA
27V<Vopb<55V, 0.4 \%
lots = 3.0 mA
1.8V<Vop<55V, 0.4 \%
lots =2.0 mA
1.6V<Vop<18YV, 0.4 \
los =1.0 mA

Caution P00, P04 to P07, P16, P17, P35, P42 to P44, P46, P47, P53 to P56, and P130 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/L13 2. ELECTRICAL SPECIFICATIONS (Ta = —-40 to +85°C)

2.4 AC Characteristics

(TA=-401t0 +85°C, 1.6 V<VDD<55V,Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Instruction cycle (minimum Tey Main system | HS (high-speed |2.7 V <Vop <5.5V | 0.0417 1 us
instruction execution time) clock (.fMAIN) main) mode 24V <Von<27V | 0.0625 1 s

operation
LS (low-speed |1.8V<Vop<55V | 0.125 1 Us
main) mode
LV (low-voltage |1.6 V<Voo <55V | 0.25 1 Us
main) mode
Subsystem clock (fsus) 1.8V<Vop<55V | 285 30.5 313 Us
operation™°t®
In the self HS (high-speed [2.7V <Vop <5.5V | 0.0417 1 us
programming | main) mode 15 4\ < vpp <27V | 0.0625 1 1S
mode
LS (low-speed [(1.8V<Vopb<55V | 0.125 1 us
main) mode
LV (low-voltage [1.8 V<V <55V 0.25 1 us
main) mode
External system clock fex 27V<Vop<55V 1.0 20.0 MHz
frequency 24V <Vop <27V 1.0 16.0 MHz
1.8V<Vm<24V 1.0 8.0 MHz
16V<Vopb<18V 1.0 4.0 MHz
fexs 32 35 kHz
External system clock input texH, 27V<Vop<55V 24 ns
hi%}'t]r-]level width, low-level texc 24V <Vop<27V 30 ns
wi
1.8V<Vp<24V 60 ns
16V<Vop<18V 120 ns
texHs, 13.7 us
texcs
TIOO to TIO7 input high-level | trn, 1/fmexk+10 ns
width, low-level width tric
TOO00 to TOO07, TKBOOO, fro HS (high-speed main) mode |4.0V<Vop<55V 12 MHz
TKBOO01-0 to TKBO01-2 27V<Vop<4.0V 8 MHz
output frequency —
24V<Vop<27V 4 MHz
LV (low-voltage main) mode 1.6V<Vop<55V 2 MHz
LS (low-speed main) mode 1.8V<Vop<55V 4 MHz
PCLBUZ0, PCLBUZ1 output | frcL HS (high-speed main) mode |[4.0V<Vopb<55V 16 MHz
frequency 27V<Vop<4.0V 8 MHz
24V <Vop<27V 4 MHz
LV (low-voltage main) mode 1.8V<Vom<55V 4 MHz
16V<Vopb<18V 2 MHz
LS (low-speed main) mode 1.8V<Vop<55V 4 MHz
Interrupt input high-level width,| tinth, INTPO to INTP7 1.6V<Vop<55V 1 us
low-level width tinTL
Key interrupt input high-level | tkru, tkre | KRO to KR7 1.8V<Vop<55V 250 ns
width, low-level width 16V<Von<18V 1 s
IH-PWM output restart input | tir INTPO to INTP7 2 ferk
high-level width
TMKB2 forced output stop tiHR INTPO to INTP2 2 ferk
input high-level width
RESET low-level width tRsL 10 us
(Note and Remark are listed on the next page.)
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta = —-40 to +85°C)

(2) During communication at same potential (CSI mode) (master mode, SCKp... internal clock output)
(TA=-40to +85°C, 1.6 V<Vop <55V, Vss=0V)

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 trey1 27V<Vop<55V 167Note 500QNote 100QNete ns

24V <Vop<55V 25QNete 1 50QNete 1 1000Note 1 ns

1.8V<Vop<55V - 500QNote 100QNete ns

1.6V<Vop<55V - - 1000MNote 1 ns

SCKp high-/low-level | tkH1, 40V<Vop<55V trev1/2-12 tkev1/2-50 tkev1/2-50 ns

width thas 27V<Von<55V tkev1/2-18 trev1/2-50 trev1/2-50 ns

24V <Vop<55V trev1/2—-38 trev1/2-50 trev1/2-50 ns

1.8V<Vop<55V - tkev1/2-50 tkev1/2-50 ns

16V<Vopb<55V - - tkev1/2—100 ns

Slp setup time tsik1 27V<Vopb<55V 44 110 110 ns

(to SCKpT)tre? 24V <Von <55V 75 110 110 ns

1.8V<Vop<55V - 110 110 ns

1.8V<Vop<55V - - 220 ns

Slp hold time tksi1 24V <Vop<55V 19 19 19 ns

(from SCKpT)Ye 18V <Voo<5.5V - 19 19 ns

1.6V<Vop<55V - - 19 ns

Delay time from tkso1 C=30pFNoes | 24V <Vp<55V 25 25 25 ns

SCKp! to 18V<Von<55V - 25 25 | ns
SOp outputhote 4

1.6V<Vop<55V - - 25 ns

Notes 1. The value must also be equal to or more than 2/fcik for CSI00 and equal to or more than 4/fcik for CSI10.

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.”
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 Sip 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: CSI number (p = 00, 10), m: Unit number (m = 0), n: Channel number (n = 0, 2),
g: PIM and POM numbers (g =0, 1)
2. fuck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn). m: Unit number,
n: Channel number (mn = 00, 02))
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta = —-40 to +85°C)

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

tkeve

tkua tkH1

SCKp \ \

tsik1 ks

Slp Input data

tkso1

SOp Output data

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

tkeyi

tkH1 tki1

SCKp _/ \ 7/

tsika tksii

Slp Input data

tkso1

SOp Output data

Remarks 1. Ro[Q2]: Communication line (SCKp, SOp) pull-up resistance, Co[F]: Communication line (SCKp, SOp) load
capacitance, Vo[V]: Communication line voltage
2. p: CSI number (p = 00, 10), m: Unit number , n: Channel number (mn = 00, 02),
g: PIM and POM number (g =0, 1)
3. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn).
m: Unit number, n: Channel number (mn = 00)
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RL78/L13

2. ELECTRICAL SPECIFICATIONS (Ta = —-40 to +85°C)

Notes 1.

Excludes quantization error (£1/2 LSB).

2. This value is indicated as a ratio (%FSR) to the full-scale value.
3. When AVrerr < Voo, the MAX. values are as follows.
Add +4 LSB to the MAX. value when AVrerr = Voo.

Overall error:

Zero-scale error/Full-scale error:
Integral linearity error/ Differential linearity error:

5. See 2.6.2 Temperature sensor/internal reference voltage characteristics.

Add +0.2%FSR to the MAX. value when AVrere = Vob.
Add +2 LSB to the MAX. value when AVrere = Voo.
4. Values when the conversion time is set to 57 us (min.) and 95 us (max.).

(2) When reference voltage (+) = Voo (ADREFP1 = 0, ADREFPO = 0), reference voltage (-) = Vss (ADREFM = 0),
target pins: ANIO, ANI1, ANI16 to ANI25, internal reference voltage, and temperature sensor output voltage

(TA=-40to +85°C, 1.6 V<Vbp<5.5V, Vss =0V, Reference voltage (+) = Voo, Reference voltage () = Vss)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 8 10 bit
Overall errorhetes 1.2 AINL 10-bit resolution 1.8V<Vop<55V 1.2 +7.0 LSB

1.6 V < Vpp < 5.5 yNete3 1.2 +10.5 LSB
Conversion time tconv 10-bit resolution 36V<Vop<55V 2125 39 us
Target pin: 27V<Vop<55V 3.1875 39 us
ANIO, ANI1, 18V <Voo<55V
ANI16 to ANI25Nete3 | 2 7= TP =5 17 39 5
16V<Vop<55V 57 95 us
10-bit resolution 36V<Vop<b55V 2.375 39 us
Target pin: Internal 27V<Vob<55V 3.5625 39 us
reference voltage, and
24V<Vop<55V 17 39 Us
temperature sensor
output voltage
(HS (high-speed main)
mode)
Zero-scale errorotes 1.2 Ezs 10-bit resolution 1.8V<Vop<5.5V +0.60 | %FSR
1.6 V < Vpp < 5.5 yNete3 +0.85 | %FSR
Full-scale errorotes 1.2 Ers 10-bit resolution 1.8V<Vop<55V +0.60 | %FSR
1.6 V < Vpp < 5.5 yNete3 +0.85 | %FSR
Integral linearity errorot® ILE 10-bit resolution 1.8V<Vop<55V +4.0 LSB
1.6 V < Vpp < 5.5 \yNete3 6.5 LSB
Differential linearity errorN°*® | DLE 10-bit resolution 1.8V<Vop<55V 2.0 LSB
' 1.6V < Voo < 5.5 Vote +25 | LSB
Analog input voltage Vain ANIO, ANI1, ANI16 to ANI25 0 VbD \%
Internal reference voltage VaerNote 4 \Y
(2.4 V <Vop £5.5V, HS (high-speed main) mode))
Temperature sensor output voltage V1mpsashote 4 \Y,
(2.4 V £ Vob £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. Values when the conversion time is set to 57 us (min.) and 95 us (max.).

4. See 2.6.2 Temperature sensor/internal reference voltage characteristics.
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta = —-40 to +85°C)

2.11 Timing Specifications for Switching Flash Memory Programming Modes

(TA=-40to +85°C,1.8V<Vop<55V,Vss=0V)

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

after the external reset is released

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

low level

Time to hold the TOOLO pin at the | tvp 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)

TOOLO

<].'> <2.> <:.3> <a>
RESET L/ : !
E 723 ps + tho E E
' processing ! 00H reception '
i time ' (TOOLRXD, TOOLTxD mode);

tsu 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 completion 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/L13 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

3.3.2 Supply current characteristics

(TA=-40to +105°C, 2.4V <Vpp<55V,Vss=0V) (1/2)
Parameter | Symbol Conditions MIN. TYP. | MAX. Unit
Supply lopsNet ! | Operating | HS (high- foco = 48 MHz°® | Basic Vop = 5.0 V 2.0 mA

. 3 )
current mode speed main) | operation Vo = 3.0V 20 mA
modeN°teS | fin = 24 MHZNoe3
Nomal | Voo =5.0V 3.8 7.0 mA
operation | v/, = 3.0v 38 | 70 | mA
froco = 24 MHZzN**¢ | Basic Voo =5.0V 1.7 mA
3 .
: operation |\, = 3.0v 1.7 mA
fin = 24 MHz\®3
Nomal |Vobo=5.0V 3.6 6.5 mA
operation | v/, = 3.0v 36 | 65 | mA
froco = 16 MHz"**® | Nomal | Voo =5.0 V 2.7 5.0 mA
3 )
: operation | v/, = 3.0 v 27 | 50 | mA
fin = 16 MHZzNoe 3
HS (high- fux = 20 MHzN***2, | Nomal | Square wave input 3.0 54 mA
speed main) | Voo = 5.0V operation | Resonator connection 3.2 5.6 mA
modeNote 5
fux = 20 MHZzN°®2, | Normal | Square wave input 2.9 54 mA
Voo =3.0V operation | Resonator connection 3.2 5.6 mA
fux = 10 MHzN°®2, | Normal | Square wave input 1.9 3.2 mA
Voo =5.0V operation | Resonator connection 1.9 3.2 mA
fux = 10 MHZN°*®2, | Normal | Square wave input 1.9 3.2 mA
Voo =3.0V operation | Resonator connection 1.9 3.2 mA
Subsystem | fsus = Nomal | Square wave input 4.0 5.4 HA
clock 32.768 kHz"'e, operation Resonator connection 4.3 54 UA
operation Ta=-40°C
fsus = Nomal | Square wave input 4.0 5.4 HA
32.768 kHz "¢, operation | Resonator connection 4.3 5.4 HA
Ta=+25°C
fsus = Normal | Square wave input 41 7.1 HA
32.768 kHz"*'", | operation | Rasinator connection 4.4 7.1 LA
Ta = +50°C
fsus = Nomal | Square wave input 4.3 8.7 HA
32.768 kHz"'e", operation Resonator connection 4.7 8.7 UA
Ta=+70°C
fsus = Nomal | Square wave input 4.7 12.0 UA
32.768 kHz"'*", | operation | Ragnator connection 5.2 12.0 LA
Ta=+85°C
fsus = Nomal | Square wave input 6.4 35.0 HA
32.768 kHz"'*", | operation | Rasinator connection 6.6 35.0 LA
Ta=+105°C
(Notes and Remarks are listed on the next page.)
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RL78/L13 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

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

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

SCKp cycle timeN°te s tkey2 40V<Vmm<55V fuck > 20 MHz 16/fmck ns

fuek < 20 MHz 12/fmck ns

27V<Vm<55V fuek > 16 MHz 16/fmck ns

fuek < 16 MHz 12/fmck ns

24V<Vop<55V 12/fuck and 1000 ns

SCKp high-/low-level width | tkhz, tkez | 4.0V <Vop< 5.5V tkey2/2-14 ns

27V <Vop<55V tkey2/2-16 ns

24V <Vop<55V tkey2/2—-36 ns

Slp setup time tsik2 27V<Vopb<55V 1/fuck+40 ns

(to SCKpTy*e'e? 24V<Voo <55V 1/fc+60 ns

Slp hold time tksiz 1/fmck+62 ns
(from SCKpT)Note 2

Delay time from SCKpl to | tksoz C = 30 pFNote4 27V<Vop<55V 2/fvck+66 ns

SOp output™'*® 24V<Von<55V uek+113 ns

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

when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

2. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp hold time becomes “from SCKpl”
when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

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

4. C is the load capacitance of the SOp output lines.

5. Transfer rate in SNOOZE mode: MAX. 1 Mbps

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

Remarks 1. p: CSI number (p = 00, 10), m: Unit number (m = 0), n: Channel number (n =0, 2),
g: PIM number (g =0, 1)
2. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn). m: Unit number,
n: Channel number (mn = 00, 02))
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RL78/L13 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

CSI mode connection diagram (during communication at same potential)

SCKp SCK
. RL78 Slp SO User device
microcontroller
SOp Sl

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

tkevi, 2

ki, 2 tkHL, 2

.

SCKp \

tsik1, 2 tksi2

Sip Input data

]

tkso1, 2

SOp

<

Output data ><

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

tkevi, 2

tkH1, 2 tki, 2

|

SCKp /

tsiky, 2 tksi2

Sip Input data

]

tkso1, 2

SOp Output data ><

Remarks 1. p: CSI number (p = 00, 10)
2. m: Unit number, n: Channel number (mn = 00, 02)
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RL78/L13 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

(4) During communication at same potential (simplified 1°C mode)

(TA=-40t0 +105°C, 24V <Vop<5.5V, Vss =0V)

Parameter Symbol Conditions HS (high-speed main) Mode Unit
MIN. MAX.
SCLr clock frequency fsoL 27V<Vop<55V, 400QNote 1 kHz
Cb =50 pF, Ro = 2.7 kQ
24V <Vop<55V, 10QNete kHz
Cb =100 pF, Ro = 3 kQ
Hold time when SCLr = “L” trow 27V<Vop<55V, 1200 ns
Cb =50 pF, Ro = 2.7 kQ
24V <Vop<55V, 4600 ns
Cb =100 pF, Ro = 3 kQ
Hold time when SCLr = “H” tHiGH 27V<Vop<55YV, 1200 ns
Cb =50 pF, Ro = 2.7 kQ
24V <Vop<55V, 4600 ns
Cb =100 pF, Ro = 3 kQ
Data setup time (reception) tsu:pAT 27V<Vop<55V, 1/fmck + 220N°te 2 ns
Cb =50 pF, Ro = 2.7 kQ
24V<Vop<55V, 1/fmck + 580Note 2 ns
Cb =100 pF, Ro = 3 kQ
Data hold time (transmission) tHD:DAT 27V<Vop<55Y, 0 770 ns
Cb =50 pF, Ro = 2.7 kQ
24V <Vop<55V, 0 1420 ns
Cb =100 pF, Ro = 3 kQ

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

Caution Select the normal input buffer and the N-ch open drain output (Vop tolerance) mode for the SDAr pin
and the normal output mode for the SCLr 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/L13 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

Notes 5. The smaller maximum transfer rate derived by using fmck/12 or the following expression is the valid maximum
transfer rate.
Expression for calculating the transfer rate when 24V <Vop<3.3Vand 1.6 V<Vb<2.0V

Maximum transfer rate = 1 15 [bps]

{~Cox RoxIn (1 - Vo N} %3

1 1.5
Transferrate x 2 {-=CoxRoxIn (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.

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

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

TxDqg pin by using port input mode register g (PIMg) and port output mode register g (POMg). For Vi1
and Vi, see the DC characteristics with TTL input buffer selected.

UART mode connection diagram (during communication at different potential)

Vb
i
TxDq RX
RL78 )
microcontroller User device
RxDq T
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RL78/L13 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

(6) Communication at different potential (1.8 V, 2.5V, 3 V) (CSI mode) (master mode, SCKp... internal clock output) (1/2)
(TA=-40to +105°C, 2.4V <Vop <55V, Vss=0V)

Parameter Symbol Conditions HS (high-speed main) Mode Unit
MIN. MAX.
SCKp cycle time tkey1 tkcy1 2 4/fck | 4.0V <Vop<5.5V, 600 ns

27V<Vb<4.0V,
Cb =30 pF, Ro = 1.4 kQ

27V<Vop<4.0V, 1000 ns
23V<Vb<27V,
Cb =30 pF, Ro = 2.7 kQ

24V <Vop<33V, 2300 ns
16V<Vb<18Y,
Cb =30 pF, Ro = 5.5 kQ

SCKp high-level width tkH1 40V<Vop<55V,27V<Ve<4.0V, tkev1/2 — 150 ns
Cb =30 pF, Ro = 1.4 kQ
27V<Vop<40V,23V<Vp<27V, tkev1/2 — 340 ns

Co =30 pF, Ro = 2.7 kQ

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

SCKp low-level width tiLs 40V<Vop<55V,27V<Vo<40V, tovil2 — 24 ns
Cb =30 pF, Ro = 1.4 kQ

27V<Vop<40V,23V<V<27YV, tkey1/2 — 36 ns
Cb =30 pF, Ro = 2.7 kQ

24V<Vop<33V,16V<Ve<20V, tkev1/2 — 100 ns
Cb =30 pF, Ro = 5.5 kQ

Slp setup time tsiki 40V<Vop<55V,27V<Vb<4.0V, 162 ns
(to SCKpT)Nete 1 Cb=30pF, Ro = 1.4 kQ
27V<Vop<4.0V,23V<Vb<27V, 354 ns

Cb =30 pF, Ro = 2.7 kQ

24V <Vop<33V,1.6V<Ve<20V, 958 ns
Cb =30 pF, Ro = 5.5 kQ

Slp hold time tksi1 40V<Vop<55V,27V<Vb<40V, 38 ns
(from SCKpT)Nete Cb =30 pF, Ro = 1.4 kQ
27V<Vop<40V,23V<Ve<27V, 38 ns
Cb =30 pF, Ro = 2.7 kQ
24V <Vop<33V,16VVe<20V, 38 ns
Cb =30 pF, Ro = 5.5 kQ
Delay time from SCKpJ to tkso1 40V<Vop<55V,27V<Vb<4.0V, 200 ns
SOp outputhote! Cb =30 pF, Rb = 1.4 kQ
27V<Vop<40V,23VVpe<27V, 390 ns
Cb =30 pF, Ro = 2.7 kQ
24V <Vop<33V,16VVb<20V, 966 ns

Co =30 pF, Ro = 5.5 kQ

(Note, Caution and Remark are listed on the next page.)
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RL78/L13

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

3.6 Analog Characteristics

3.6.1 A/D converter characteristics

Classification of A/D converter characteristics

eference Voltage
Input channel

Reference voltage (+) = AVrerp
Reference voltage () = AVrerm

Reference voltage (+) = Voo
Reference voltage () = Vss

Reference voltage (+) = Vaer
Reference voltage (—) = AVREFM

See 3.6.1 (2).

See 3.6.1 (3).

ANIO, ANI1 -
ANI16 to ANI25 See 3.6.1 (1).
Internal reference voltage See 3.6.1 (1).

Temperature sensor output

voltage

(1) When reference voltage (+) = AVrerr/ANIO (ADREFP1 = 0, ADREFPO = 1), reference voltage (-) = AVrerm/ANI1
(ADREFM = 1), target pins: ANI16 to ANI25, internal reference voltage, and temperature sensor output voltage

(Ta=-40to +105°C, 2.4V <Vop <55V, Vss = 0V, Reference voltage (+) = AVrerr, Reference voltage (=) = AVRerm =

ov)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 8 10 bit
Overall erroriote AINL 10-bit resolution 24V <Vop<55V 1.2 5.0 LSB
AVRerp = Vpp'ote 3

Conversion time tcony 10-bit resolution 36V<Vop<55V | 2125 39 us
Target pin: ANI16 to ANI25 27V<Vop<55V| 31875 39 s

24V <Vop<55V 17 39 us
10-bit resolution 36V<Vop<55V | 2375 39 us
Target pin: Internal reference | 2 7 v <Vpp<5.5V 3.5625 39 s
voltage, and temperature
24V <Vop<55V 17 39 us

sensor output voltage
(HS (high-speed main) mode)

Zero-scale errorietes 1.2 Ezs 10-bit resolution 24V <Vop<55V +0.35 %FSR
AVRerp = Vpp'ote 3

Full-scale errorhotes 1.2 Ers 10-bit resolution 24V<Vop<55V +0.35 %FSR
AVrerp = VppNote 2

Integral linearity errorot® ILE 10-bit resolution 24V <Vop<55V +3.5 LSB
AVRerp = VppNote 3

Differential linearity errorN°®* | DLE 10-bit resolution 24V<Vop<55V 2.0 LSB
AVRerp = Vpphote 3

Analog input voltage VaiN ANI16 to ANI25 0 AVRerp
Internal reference voltage Vagrlote 4
(2.4 V <Vop £5.5V, HS (high-speed main) mode))
Temperature sensor output voltage Vrmpsashote 4 \Y
(2.4 V < Vop £5.5V, HS (high-speed main) mode))

(Notes are listed on the next page.)
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RL78/L13 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

(3) When reference voltage (+) = internal reference voltage (ADREFP1 = 1, ADREFPO = 0), reference voltage (-) =
AVREFM/ANI1 (ADREFM = 1), target pins: ANIO, ANI16 to ANI25

(Ta=-401to0 +105°C, 2.4 V<Vop < 5.5V, Vss = 0V, Reference voltage (+) = VeerN® 3,
Reference voltage (-) = AVrermN4 =0 V, HS (high-speed main) mode)

Parameter Symbol Conditions MIN. | TYP. ‘ MAX. Unit
Resolution RES 8 bit
Conversion time tconv 8-bit resolution 24V<Vpbp<55V 17 39 us
Zero-scale errortes 1.2 Ezs 8-bit resolution 24V <Vpop<55V +0.60 %FSR
Integral linearity errorote? ILE 8-bit resolution 24V<Vpb<55V 2.0 LSB
Differential linearity errorot® DLE 8-bit resolution 24V <VpbD<55V +1.0 LSB
Analog input voltage VAN 0 Vagrlote 3 \%
Notes 1. Excludes quantization error (+1/2 LSB).
2. This value is indicated as a ratio (%FSR) to the full-scale value.
3. See 3.6.2 Temperature sensor/internal reference voltage characteristics.
4. When reference voltage (-) = Vss, the MAX. values are as follows.
Zero-scale error: Add £0.35%FSR to the AVrerm MAX. value.
Integral linearity error: Add +0.5 LSB to the AVrerm MAX. value.
Differential linearity error: Add +0.2 LSB to the AVrern MAX. value.
3.6.2 Temperature sensor/internal reference voltage characteristics
(TA=-40to +105°C, 2.4V <Vop <5.5V, Vss =0V, HS (high-speed main) mode)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Temperature sensor output voltage | Vimes2s | ADS register = 80H, Ta = +25°C 1.05 \%
Internal reference output voltage V8GR ADS register = 81H 1.38 1.45 15 \%
Temperature coefficient Fvrmes Temperature sensor that depends on the -3.6 mV/°C
temperature
Operation stabilization wait time tamp 5 us
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RL78/L13 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

3.6.5 LVD circuit characteristics

LVD Detection Voltage of Reset Mode and Interrupt Mode
(TA=-40t0 +105°C, Vpor £ VDD £ 5.5V, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection Supply voltage level Vivoo When power supply rises 3.90 4.06 4.22
voltage When power supply falls 3.83 3.98 4.13 \Y
Vivp1 When power supply rises 3.60 3.75 3.90 \%
When power supply falls 3.53 3.67 3.81 \
Vivp2 When power supply rises 3.01 3.13 3.25 \%
When power supply falls 2.94 3.06 3.18 \%
AV/RVX] When power supply rises 2.90 3.02 3.14 \
When power supply falls 2.85 2.96 3.07 \%
Vivp4 When power supply rises 2.81 2.92 3.03 \
When power supply falls 2.75 2.86 297 \%
VLvbs When power supply rises 2.71 2.81 2.92 \
When power supply falls 2.64 2.75 2.86 \Y
VLvps When power supply rises 2.61 2.71 2.81 \%
When power supply falls 2.55 2.65 2.75 \Y
Vivor When power supply rises 2.51 2.61 2.71 \%
When power supply falls 2.45 2.55 2.65 \
Minimum pulse width tw 300 us
Detection delay time 300 us

LVD Detection Voltage of Interrupt & Reset Mode
(TA=-40to +105°C, Vpor < VDD £ 5.5V, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Interrupt and reset | Vivos Vpocz, Veoct, Vroco = 0, 1, 1, falling reset voltage 2.64 2.75 2.86
mode Vivbs LVIS1, LVISO =1, 0 |Rising release reset voltage | 2.81 2.92 3.03

Falling interrupt voltage 2.75 2.86 2.97 \%

Vivps LVIS1,LVISO =0, 1 [Rising release reset voltage 2.90 3.02 3.14 \

Falling interrupt voltage 2.85 2.96 3.07 \%

VLvoo LVIS1, LVISO =0, 0 [Rising release reset voltage 3.90 4.06 4.22 \

Falling interrupt voltage 3.83 3.98 4.13 \%

3.6.6 Supply voltage rise time

(Ta =-40to +105°C, Vss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Voo rise slope SVop 54 V/ms

Caution Make sure to keep the internal reset state by the LVD circuit or an external reset until Voo reaches the
operating voltage range shown in 3.4 AC Characteristics.
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RL78/L13 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

3.11 Timing Specifications for Switching Flash Memory Programming Modes

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

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

after the external reset is released

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

level

Time to hold the TOOLO pin at the | tvp 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)

AN
\%
A
\%
A
\

<4>

i

RESET

L

P VR ———— )
iy N 1

723 us + tro
processing 0O0H reception
time (TOOLRXD, TOOLTxD mode)

[ —————————e]

TOOLO

;

tsuiniT

—
0
c

<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 TOOLO pin is set to the high level.

<4> Setting of the flash memory programming mode by UART reception and completion 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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4. PACKAGE DRAWINGS

RL78/L13
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R5F10WLAGFB, R5F10WLCGFB, R5F10WLDGFB, R5F10WLEGFB, R5F10WLFGFB, R5F10WLGGFB
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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 I/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.




