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within electronic devices to control various functions,
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range of applications.
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RL78/L13

1. OUTLINE

1.6 Outline of Functions

(1/2)
Item 64-pin 80-pin
R5F10WLx (x = A, C-G) R5F10WMx (x = A, C-G)
Code flash memory (KB) 16 to 128 16 to 128
Data flash memory (KB) 4 4
RAM (KB) 1 to gNotel 1 to 8Notel

Address space

1MB

Main system
clock

High-speed system clock

X1 (crystal/ceramic) oscillation, external main system clock input (EXCLK)
HS (High-speed main) mode: 1 to 20 MHz (Vob= 2.7 to 5.5 V),

HS (High-speed main) mode: 1 to 16 MHz (Vopo= 2.4 t0 5.5 V),

LS (Low-speed main) mode: 1 to 8 MHz (Voo = 1.8 to 5.5 V),

LV (Low-voltage main) mode: 1 to 4 MHz (Voo= 1.6 to 5.5 V)

High-speed on-chip
oscillator

HS (High-speed main) mode: 1 to 24 MHz (Voo = 2.7 t0 5.5 V),
HS (High-speed main) mode: 1 to 16 MHz (Voo = 2.4 to 5.5 V),
LS (Low-speed main) mode: 1 to 8 MHz (Voo = 1.8 to 5.5V),
LV (Low-voltage main) mode: 1 to 4 MHz (Voo = 1.6 to 5.5 V)

Clock for 16-bit timer KB20

48 MHz (TYP.): Voo =2.7t0 5.5V

Subsystem clock

XT1 (crystal) oscillation, external subsystem clock input (EXCLKS)
32.768 kHz (TYP.): Voo = 1.6 t0 5.5V

Low-speed on-chip oscillator

15 kHz (TYP.)

General-purpose register

(8-bit register x 8) x 4 banks

Minimum instruction execution time

0.04167 us (High-speed on-chip oscillator: fit = 24 MHz operation)

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

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

Instruction set

o Data transfer (8/16 bits)

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

* Multiplication (8 bits x 8 bits)

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

I/O port Total 49 65
CMOS I/0 42 58
(N-ch O.D. I/O [Vop withstand voltage]: 12) (N-ch O.D. I/O [Vop withstand voltage]: 18)
CMOS input 5 5
CMOS output - -
N-ch O.D I/O 2 2
(withstand voltage: 6 V)
Timer 16-bit timer TAU 8 channels
16-bit timer KB20 1 channel
Watchdog timer 1 channel
12-bit interval timer (IT) 1 channel
Real-time clock 2 1 channel
RTC2 output 1
e 1 Hz (subsystem clock: fsus = 32.768 kHz)
Timer output 8 channels (PWM outputs: 7N°t¢2) (TAU used)
1 channel (timer KB20 used)
Remote control output 1 (TAU used)
function
Notes 1. In the case of the 8 KB, this is about 7 KB when the self-programming function and data flash function are

used.

2. The number of outputs varies depending on the setting of the channels in use and the number of master

channels (see 6.9.3 Operation as multiple PWM output function in the RL78/L13 User's Manual.).
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RL78/L13

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

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

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input leakage ILiH1 P00 to P07, P10 to P17, Vi = Vop 1 HA
current, high P22 to P27, P30 to P35,

P40 to P47, P50 to P57,
P70 to P77, P125 to P127,
P130, P137
ILiH2 P20 and P21, RESET Vi = Voo 1 LA
luHs P121 to P124 Vi = Vop In input port mode 1 LA
(X1, X2, XT1, XT2, EXCLK, and when external
EXCLKS) clock is input
Resonator 10
connected
Input leakage It P00 to P07, P10 to P17, Vi =Vss -1
current, low P22 to P27, P30 to P35,
P40 to P47, P50 to P57,
P70 to P77, P125 to P127,
P130, P137
lLiz P20 and P21, RESET Vi = Vss -1 HA
IuiLs P121 to P124 Vi = Vss In input port mode -1 LA
(X1, X2, XT1, XT2, EXCLK, and when external
EXCLKS) clock is input
Resonator -10 HA
connected
On-chip pull-up Rut P00 to P07, P10 to P17, Vi=Vss |24V<Voo<55V 10 20 100 kQ
resistance P22 to P27, P30 to P35, 16V <Vop <24V 10 30 100 kQ
P45 to P47, P50 to P57,
P70 to P77, P125 to P127,
P130
Ruz2 P40 to P44 Vi = Vss 10 20 100 kQ

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)

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

During HALT instruction execution by flash memory.

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

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

o s~ w DN

When high-speed on-chip oscillator and high-speed system clock are stopped.
When RTCLPC = 1 and setting ultra-low current consumption (AMPHS1 = 1). The current flowing into the real-
time clock 2 is included. However, not including the current flowing into the clock output/buzzer output, 12-bit
interval timer, and watchdog timer.
6. Not including the current flowing into the real-time clock 2, clock output/buzzer output, 12-bit interval timer, and
watchdog timer.

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

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

24V <Vop<55V@1 MHz to 16 MHz

LS (low-speed main) mode: 1.8V <Vbp <5.5V@1 MHz to 8 MHz

LV (low-voltage main) mode: 1.6 V<Vob <5.5 V@1 MHz to 4 MHz
8. Regarding the value for current to operate the subsystem clock in STOP mode, refer to that in HALT mode.

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

fHoco: High-speed on-chip oscillator clock frequency (48 MHz max.)

fiH: High-speed on-chip oscillator clock frequency (24 MHz max.)

fsu:  Subsystem clock frequency (XT1 clock oscillation frequency)

Al

Except subsystem clock operation and STOP mode, temperature condition of the TYP. value is Ta = 25°C
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta = —-40 to +85°C)

Notes 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 (2.4 VN°t¢8) <\/pp<3.3Vand 1.6 V<Vb<2.0V

Maximum transfer rate = ! 15 [bps]

{~Co*x Ro % In (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.
7. This value as an example is calculated when the conditions described in the “Conditions” column are met.
Refer to Note 6 above to calculate the maximum transfer rate under conditions of the customer.
8. Condition in the HS (high-speed main) mode

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
%
TxDq Rx
RL78 )
microcontroller User device
RxDq TX
R01DS0168EJ0210 Rev.2.10 Page 42 of 123
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RL78/L13

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

(7) Communication at different potential (1.8 V, 2.5V, 3 V) (CSI mode) (master mode, SCKp... internal clock output) (2/2)
(TA=-40to +85°C, 1.8V <Vop <55V, Vss=0V)

Parameter

Symbol

Conditions

HS (high-speed
main) Mode

LS (low-speed
main) Mode

LV (low-voltage
main) Mode

MIN. MAX.

MIN.

MAX.

MIN. MAX.

Unit

Slp setup time
(to SCKpJ)Note 4

tsiki

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

44

110

110

ns

27V<Vop<4.0V,23V<Ve<27V,
Cb =30 pF, Rb = 2.7 kQ

44

110

110

ns

1.8V (2.4 Ve 1) < \Vpp < 3.3V,
1.6V <V <2.0VNoe2
Cb = 30 pF, R = 5.5 kQ

110

110

110

ns

Slp hold time
(from SCKp)Note

4

tksi1

40V<Vop<55V,27V<Vb<40V,
Cb =30 pF, R = 1.4 kQ

19

19

ns

27V<Vop<4.0V,23V<Ve<27V,
Cb =30 pF, Ro = 2.7 kQ

19

19

ns

1.8V (24 Ve < Vpp < 3.3V,
1.6V <Vb<2.0VNote2,
Cb = 30 pF, Ro = 5.5 kQ

19

19

ns

Delay time from
SCKpT to
SOp outputote4

tkso1

40V<Vop<55V,27V<Vb<4.0V,
Cb =30 pF, Ro = 1.4 kQ

25

25

25

ns

27V<Vop<4.0V,23V<Ve<27V,
Cb =30 pF, Ro = 2.7 kQ

25

25

25

ns

1.8V (24 Vel <Vpp < 3.3V,
1.6V <Vb<2.0VNote2,
Cb = 30 pF, Ro = 5.5 kQ

25

25

25

ns

Notes 1.

Condition in HS (high-speed main) mode

2. Use it with Vbobp > Vb.
3. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.
4. 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) mode for the

SOp pin and SCKp 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.

CSI mode connection diagram (during communication at different potential)

<Master> Vb

SCKp . SCK
RL78
microcontroller Slp SO
SOp Sl

User device

R0O1DS0168EJ0210 Rev.2.10
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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. Transfer rate in SNOOZE mode: MAX. 1 Mbps

2. Condition in HS (high-speed main) mode

3. Use it with Vbp > Vb.

4. 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.

5. 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.

6. 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.

Caution Select the TTL input buffer for the Slp pin and SCKp pin and the N-ch open drain output (Voo tolerance)
mode for the SOp pin by using port input mode register g (PIMg) and port output mode register g
(POMg). For Vi1 and Vi, see the DC characteristics with TTL input buffer selected.

CSI mode connection diagram (during communication at different potential)

<Slave> Vb
e
SCKp SCK
RL78 _
microcontroller ~ SIP SO  User device
Sop s
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta = —-40 to +85°C)

(1) I1?C standard mode (2/2)
(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.
Data setup time tsu:DAT 27V<Vop<55V 250 250 250 ns
(reception) 1.8V (2.4 VN3 <Vpp <55V | 250 250 250 ns
16V<Vop<55V - - - - 250 ns
Data hold time tHD:DAT 27V<Vop<55V 0 3.45 0 3.45 0 3.45 us
(transmission)"ete? 18V (2.4 VN3 <\Vpp <55V | 0 3.45 0 3.45 0 345 | us
1.6V<Vop<55V - - - - 0 3.45 us
Setup time of stop tsu:sto 27V<Vmm<55V 4.0 4.0 4.0 us
condition 1.8V (24 VN3 <Vpp <55V | 4.0 4.0 4.0 s
1.6V<Vop<b55V - - - - 4.0 us
Bus-free time tBur 27V<Vop<b5V 4.7 4.7 4.7 us
1.8V (24 VN3 <Vpp <55V 4.7 4.7 4.7 us
1.6V<Vop<55V - - - - 4.7 us

Notes 1. The first clock pulse is generated after this period when the start/restart condition is detected.
2. The maximum value (MAX.) of tHppaT is during normal transfer and a wait state is inserted in the ACK
(acknowledge) timing.
3. Condition in HS (high-speed main) mode

Caution The values in the above table are applied even when bit 2 (PIOR2) in the peripheral I/O redirection
register (PIOR) is 1. At this time, the pin characteristics (loHs, loL1, Vori, Vor1) must satisfy the values in
the redirect destination.

Remark The maximum value of Cb (communication line capacitance) and the value of Ro (communication line pull-up
resistor) at that time in each mode are as follows.

Standard mode: Cb = 400 pF, Rb = 2.7 kQ
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta = —-40 to +85°C)

(3) I?C fast mode plus
(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.
SCLAO clock fscL Fast mode | 2.7 V<Vop< 0 1000 - - kHz
frequency plus: fek> | 5.5V
10 MHz
Setup time of restart | tsussta 27V<Vo <55V 0.26 - - us
condition
Hold time™ete tio:sta |27 V<Vop<5.5V 0.26 - - HS
Hold time when tow 27V<Vop <55V 0.5 - - us
SCLAO =L"
Hold time when tHiGH 27V<Vop <55V 0.26 - - us
SCLAO ="H"
Data setup time tsu:DAT 27V<Vop<55V 50 - - ns
(reception)
Data hold time tHD:DAT 27V<Vo <55V 0 0.45 - - us
(transmission )Note 2
Setup time of stop tsu:sTo 27V<Vop <55V 0.26 - - us
condition
Bus-free time taur 27V<Vo <55V 0.5 - - us

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

Caution The values in the above table are applied even when bit 2 (PIOR2) in the peripheral I/O redirection
register (PIOR) is 1. At this time, the pin characteristics (loHi, loL1, Voni, Vor1) must satisfy the values in
the redirect destination.

Remark The maximum value of Cb (communication line capacitance) and the value of Ro (communication line pull-up
resistor) at that time in each mode are as follows.

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

IICA serial transfer timing

SCLAO

thicn tsuisTa

tHDISTA tsu:pAT -

S

R R R Rt B

SDAAO / | / \S ﬂ) >< \ i/
| tBuF .
Sto-p- ) -ét-a;rt Restart St(-JE)- )
condition condition condition condition
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta = —-40 to +85°C)

2.6.3 Comparator characteristics

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

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input voltage range Ivref 0 Vob— \%
1.4
lvemp -0.3 Voo + \%
0.3
Output delay td Voo =3.0V Comparator high-speed mode, 1.2 us

Input slew rate > 50 mV/us | standard mode

Comparator high-speed mode, 2.0 Uus
window mode

Comparator low-speed mode, 3.0 5.0 Us
standard mode

High-electric-potential | VTW+ | Comparator high-speed mode, 0.66Voo | 0.76Vop | 0.86Vop \%
reference voltage window mode

Low-electric-potential | VTW- | Comparator high-speed mode, 0.14Vop | 0.24Vop | 0.34Vop |V
reference voltage window mode

Operation stabilization | tcwe 100 us
wait time

Internal reference Veer 2.4V < Voo £5.5V, HS (high-speed main) mode 1.38 1.45 1.50 \%

output voltageN°t®

Note Cannot be used in LS (low-speed main) mode, LV (low-voltage main) mode, subsystem clock operation, and
STOP mode.

2.6.4 POR circuit characteristics

(TA=-401t0 +85°C, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection voltage Vpor When power supply rises 1.47 1.51 1.55 \%
VPDR When power supply falls 1.46 1.50 1.54 \Y
Minimum pulse widthN°te Tew 300 us

Note This is the time required for the POR circuit to execute a reset operation when Voo falls below Vror. When the
microcontroller enters STOP mode and when the main system clock (fwain) has been stopped by setting bit 0
(HIOSTOP) and bit 7 (MSTOP) of the clock operation status control register (CSC), this is the time required for
the POR circuit to execute a reset operation between when Voo falls below 0.7 V and when Vob rises to Vror or

higher.
Trw
|
Supply voltage (Vob)
i VPoR
VPDR OF 0.7V -=------------ '
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RL78/L13 2. ELECTRICAL SPECIFICATIONS (Ta = —-40 to +85°C)

2.7 LCD Characteristics

2.7.1 External resistance division method

(1) Static display mode
(Ta=-40to +85°C, VL4 (MIN.) VoD <55V, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

LCD drive voltage Via 2.0 Vob \%

(2) 1/2 bias method, 1/4 bias method
(Ta=-40to +85°C, VL4 (MIN.) VoD <55V, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

LCD drive voltage Via 2.7 Vob \%

(3) 1/3 bias method
(Ta=-40t0 +85°C, VL4 (MIN.) VoD <55V, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
LCD drive voltage Via 2.5 Vob \%
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RL78/L13 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

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

This chapter describes the following electrical specifications.

Target products G: Industrial applications Ta=—-40 to +105°C
R5F10WLAGFB, R5F10WLCGFB, R5F10WLDGFB,
R5F10WLEGFB, R5F10WLFGFB, R5F10WLGGFB
R5F10WMAGFB, R5F10WMCGFB, R5F10WMDGFB,
R5F10WMEGFB, R5F10WMFGFB, R5F10WMGGFB

Cautions 1. The RL78/L13 microcontrollers have an on-chip debug function, which is provided for
development and evaluation. Do not use the on-chip debug function in products designated for
mass production, because the guaranteed number of rewritable times of the flash memory may
be exceeded when this function is used, and product reliability therefore cannot be guaranteed.
Renesas Electronics is not liable for problems occurring when the on-chip debug function is
used.

2. The pins mounted depend on the product. See 2.1 Port Function to 2.2.1 With functions for
each product in the RL78/L13 User’s Manual.

3. Consult Renesas salesperson and distributor for derating when the product is used at Ta = +85°C
to +105°C. Note that derating means “systematically lowering the load from the rated value to
improve reliability”.

Remark When RL78/L13 is used in the range of Ta = -40 to +85°C, see CHAPTER 2 ELECTRICAL
SPECIFICATIONS (Ta = -40 to +85°C).
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RL78/L13 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

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

During HALT instruction execution by flash memory.

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

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

o s~ w DN

When high-speed on-chip oscillator and high-speed system clock are stopped.
When RTCLPC = 1 and setting ultra-low current consumption (AMPHS1 = 1). The current flowing into the real-
time clock 2 is included. The current flowing into the clock output/buzzer output, 12-bit interval timer, and
watchdog timer is not included.
6. The current flowing into the real-time clock 2, clock output/buzzer output, 12-bit interval timer, and watchdog
timer is not included.

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

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

24V <Vop<55V@1 MHz to 16 MHz

8. Regarding the value for current to operate the subsystem clock in STOP mode, refer to that in HALT mode.

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

fHoco: High-speed on-chip oscillator clock frequency (48 MHz max.)

fiH: High-speed on-chip oscillator clock frequency (24 MHz max.)

fsus:  Subsystem clock frequency (XT1 clock oscillation frequency)

a s b

Except subsystem clock operation and STOP mode, temperature condition of the TYP. value is Ta = 25°C
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RL78/L13 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

tri
TIOO to TIO7 J
1/fro
TOO0O0 to TOO07, TKBOOO, J
TKBOO01-0, TKBOO0O1-1,

TKBOO01-2

TITO Timing

trH

Interrupt Request Input Timing

tinTL
INTPO to INTP7 \

Key Interrupt Input Timing

UNTH

RESET Input Timing

trsL

RESET

tkrR
KRO to KR7 l
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RL78/L13 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

3.5 Peripheral Functions Characteristics

AC Timing Test Points

ViH/VoH . Vin/Vor
Test points
Vil/Vou > <: Vi/Vou

3.5.1 Serial array unit

(1) During communication at same potential (UART mode)
(TA=-40t0 +105°C, 24V <Vop <55V, Vss =0 V)

Parameter Symbol Conditions HS (high-speed main) Mode Unit
MIN. MAX.
Transfer rateNot® fmck/12 bps
Theoretical value of the maximum transfer rate 2.0 Mbps
fcik = 24 MHz, fmek = fork

Note Transfer rate in the SNOOZE mode is 4800 bps only.

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

UART mode connection diagram (during communication at same potential)

TxDq Rx

RL78 User device
microcontroller

RxDq TX

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

1/Transfer rate

High-/Low-bit width

Baud rate error tolerance

TxDq
RxDq

A\

Remarks 1. q: UART number (q = 0 to 3), g: PIM and POM number (g =0, 1, 3)
2. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn). m: Unit number,
n: Channel number (mn = 00 to 03, 10 to 13))
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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)

(7) Communication at different potential (1.8 V, 2.5V, 3V) (CSI mode) (slave mode, SCKp... external clock input)
(TA=-40to +105°C, 2.4V <Vop <55V, Vss=0V)

Parameter Symbol Conditions HS (high-speed main) Mode Unit
MIN. MAX.
SCKp cycle time Notel tkev2 40V<V<55V, | 20 MHz < fuck 24/fuck ns
27VsVes40V | g MHz < fuck <20 MHz 20/fuick ns
4 MHz < fuck <8 MHz 16/fmck ns
fuek < 4 MHz 12/fmek ns
27V<Vop<4.0V, | 20 MHz < fuck 32/fmek ns
23VsWs27V | 46 MHz < fuck <20 MHz 28/fuck ns
8 MHz < fuck <16 MHz 24/fmck ns
4 MHz < fueck <8 MHz 16/fmck ns
fuck <4 MHz 12/fmek ns
24V <Vop<33V, |20 MHz < fuck 72/fmek ns
16VSVes20V | 16 MHz < fuck <20 MHz 64/fuck ns
8 MHz < fuck <16 MHz 52/fmck ns
4 MHz < fueck <8 MHz 32/fuek ns
fuek < 4 MHz 20/fmck ns
SCKp high-/low-level width | tkHz, tki2 40V<Vop<55V,27V<Vb<4.0V tkev2/2 — 24 ns
27V<Vop<40V,23V<Ve<27V tkev2/2 — 36 ns
24V<Vop<33V,16V<Vb<20V tkev2/2 — 100 ns
Slp setup time tsikz 40V<Vop<55V,27V<Vr<4.0V 1/fmek + 40 ns
(to SCKpT)tere? 27V<Von<4.0V,23V<Ve<27V 1/fuck + 40 ns
24V <Vop<33V,16V<Ve<20V 1/fmck + 60 ns
Slp hold time tksi2 40V<Vop<55V,27V<Vb<4.0V 1wk + 62 ns
(from SCKpT)*ere 27V<Von<4.0V,23VEVe<2.7V vk + 62 ns
24V <Vop<33V,16V<Vpb<20V 1wk + 62 ns
Delay time from SCKpl to | tksoz 40V<Vp<55V,27V<Vb<4.0V, 2/fuck + 240 ns
SOp outputhote 4 Cb =30 pF, Rb = 1.4 kQ
27V<Vop<40V,23V<Ve<27V, 2/fmck + 428 ns
Cb = 30 pF, Ro = 2.7 kQ
24V<Vop<33V,16V<VW<20V, 2/fuek + 1146 ns
Cb =30 pF, Ro = 5.5 kQ

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

R01DS0168EJ0210 Rev.2.10 Page 103 of 123
Aug 12, 2016 IKENESAS
]



RL78/L13 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = —40 to +105°C)

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

tkeyz

kL2 tkH2

\ /
SCKp
N

tsik2 tksi2

Slp Input data

tkso2

SOp Output data

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

tkeyz

tkH2 kL2

SCKp /
\

tsik2 tksi2

Slp Input data

tkso2

SOp Output data

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

3.6.3 Comparator

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

Parameter Symbol Conditions MIN. TYP. | MAX. Unit
Input voltage range Ivref 0 Vop— Vv
14
lvemp -0.3 Voo + Vv
0.3
Output delay td Vobb=3.0V Comparator high-speed mode, 1.2 us
Input slew rate > 50 mV/us standard mode
Comparator high-speed mode, 2.0 us
window mode
Comparator low-speed mode, 3.0 5.0 us
standard mode
High-electric-potential | VTW+ | Comparator high-speed mode, 0.66Vop | 0.76Vop | 0.86Vop |V
reference voltage window mode
Low-electric-potential | VTW— | Comparator high-speed mode, 0.14Vop | 0.24Vop | 0.34Vop | V
reference voltage window mode
Operation stabilization | tcwe 100 us
wait time
Internal reference Vaer 2.4V <Vop £5.5V, HS (high-speed main) mode 1.38 1.45 1.50 \%

output voltageN°t®

Note Cannot be used in subsystem clock operation and STOP mode.

3.6.4 POR circuit characteristics

(TA=-40t0 +105°C, Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection voltage VPoR When power supply rises 1.45 1.51 1.57 \%
VeDR When power supply falls 1.44 1.50 1.56 \%
Minimum pulse widthN°te Tew 300 us

Note This is the time required for the POR circuit to execute a reset operation when Vop falls below Vrbr. When the
microcontroller enters STOP mode and when the main system clock (fwain) has been stopped by setting bit 0
(HIOSTOP) and bit 7 (MSTOP) of the clock operation status control register (CSC), this is the time required for
the POR circuit to execute a reset operation between when Voo falls below 0.7 V and when Vop rises to Vror or

higher.
Tprw
Supply voltage (Vob)
VPOR
VeoroOr0.7V-------------- -
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3.8 RAM Data Retention Characteristics

<R>

(Ta = =40 to +105°C)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Data retention supply voltage VbbpR 1.44Ncte 5.5 \%

<R> Note This depends on the POR detection voltage. For a falling voltage, data in RAM are retained until the voltage
reaches the level that triggers a POR reset but not once it reaches the level at which a POR reset is generated.

ol STOP mode Operation mode
<R>
RAM data retention mode —
)
1
Veo T \/opbrR
STOP instruction execution
. /
Standby release signal
(interrupt request) N
0
3.9 Flash Memory Programming Characteristics
(TA=-40t0 +105°C, 2.4V <Vop <55V, Vss=0V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
System clock frequency ferk 24V <Vpbp<55V 1 24 MHz
Number of code flash rewritesN°® %23 | Cemwr Retained for 20 years 1,000 Times
Ta =85°C Note 4
Number of data flash rewritesNote 1. 2.3 Retained for 1 year 1,000,000
Ta =25°C
Retained for 5 years 100,000
Ta = 85°C Note 4
Retained for 20 years 10,000
Ta = 85°C Note 4

Notes 1. 1 erase + 1 write after the erase is regarded as 1 rewrite. The retaining years are until next rewrite after the
rewrite.
2. When using flash memory programmer and Renesas Electronics self programming library
3. This characteristic indicates the flash memory characteristic and based on Renesas Electronics reliability test.

4. This temperature is the average value at which data are retained.

Remark When updating data multiple times, use the flash memory as one for updating data.

3.10 Dedicated Flash Memory Programmer Communication (UART)

(TA = —40 to +105°C, 2.4 V < Vop £ 5.5 V, Vss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate During serial programming 115,200 1,000,000 bps
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