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RL78/L12

1. OUTLINE

1.5.2 44-pin products

TIMER ARRAY
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SEG17 to SEG21, LCD
SEG25 to SEG34 CONTROLLER/
COMO to COM7 DRIVER |/
Vit to Vie RAM SPACE
CAPH ——| FOR LCD DATA
CAPL —
SERIAL ARRAY
UNITO (2ch)
RXDO/P11 ——f~]
TXDO/P12 ~— UARTO
SCKO00/P10
SI00/P11 Csloo -
S000/P12
SCKO1/P15
SI0L/P16 Csio1
S00L/P17
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DIVIDER,
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ACCUMULATOR
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ADJUSTMENT  [N]

A/D CONVERTER

ANI19/P14

AVrerp/P20
AVrern/P21

K Z 1 ANI0/P20, ANIL/P21

ANI17/P120, ANI18/P13,

K72 ] ANI20/P142, ANI2L/P143

K—]
RL78 CODE FLASH MEMORY
CPU
CORE <:
~| DATA FLASH MEMORY
{
RAM
Vobo  Vss TOOLRxD/P11,
TOOLTxD/P12
<:> DIRECT MEMORY
ACCESS CONTROL

CRC

<:> P10 to P17
<:> P20, P21
<:> P30 to P32
S

K4~ P120, P125 to P127
() PorT12  |M
P121 to P124
(| PorTiz |~ Pi37
| PorTia (&) P140t0P143

BUZZER OUTPUT

<:> _________

CLOCK OUTPUT
CONTROL

k"3 KRO/P12 to KR2/P10
| KevRETURN
KR3/P140

PCLBUZ0/P140,
PCLBUZ1/P141

POWER ON RESET/ PORILVD
VOLTAGE CONTROL
DETECTOR

RESET CONTROL

| on-cHiP DEBUG TOOLO/P40
SYSTEM [l«———RESET
CONTROL X1/P121

NIGH-SPEED X2/EXCLK/P122
ON-CHIP XT1/P123

OSCILLATOR XT2/EXCLKS/P124

VOLTAGE

REGULATOR REGC

~—— INTPO/P137
INTP1/P15(INTP1/P10),
<II INTP2/P16(INTP2/P11)

INTP3/P31,
INTP4/P32

INTERRUPT
CONTROL

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

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

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

This chapter describes the electrical specifications for the products "A: Consumer applications (Ta = -40 to +85°C)" and
"G: Industrial applications (with Ta = -40 to +85°C)".

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

2. With products not provided with an EVop, or EVss pin, replace EVob with Vop, or replace EVss with
Vss.
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta = -40 to +85°C)

2.4 AC Characteristics

2.4.1 Basic operation

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

Items Symbol Conditions MIN. TYP. MAX. Unit
Instruction cycle (minimum Tey Main HS (high-speed| 2.7 V<V <55V| 0.04167 1 us
instruction execution time) system main) mode 24V<Vn<27V| 0.0625 1
clock (fuan) 4V : : 43
operation | LV (low voltage| 1.6V<Vmn<55V| 0.25 1 us
main) mode
LS (low-speed | 1.8V<Vmn<55V| 0.125 1 us
main) mode
Subsystem clock (fsus) 18V<Vmm<55V| 285 30.5 31.3 us
operation
Inthe self | HS (high-speed| 2.7V <Vop<55V| 0.04167 1 us
pr°9r3mmi” main)mode 54\ <Vm<27V| 0.0625 1 s
mode
g LV (low voltage| 1.8V<Vmm<55V| 0.25 1 us
main) mode
LS (low-speed | 1.8V<Vmm<55V| 0.125 1 us
main) mode
External main system clock fex 27V<Vopb<55V 1.0 20.0 MHz
frequency 24V<Vop<27V 1.0 16.0 MHz
1.8V<Vop<24V 1.0 8.0 MHz
16V<Vop<18V 1.0 4.0 MHz
fexs 32 35 kHz
External main system clock input | texn, tex. | 2.7 V<Vop < 5.5V 24 ns
high-level width, low-level width 24V <Vop <27V 30 s
1.8V<Vop<24V 60 ns
16V<Vop<18V 120 ns
texHs, 13.7 us
texis
TIOO to TIO7 input high-level trm, 1/fmck+10 ns
width, low-level width tri
TOO00 to TOO7 output frequency | fro HS (high-speed 40V<EVop<55V 16 MHz
main) mode 27V<EVoo <40V MHz
24V <EVop <27V MHz
LS (low-speed 1.8V<EVoD <55V MHz
main) mode
LV (low voltage 16 V<EVop <55V 2 MHz
main) mode
PCLBUZ0, PCLBUZ1 output frcL HS (high-speed 40V<EVop <55V 16 MHz
frequency main) mode 27V<EVop<4.0V 8 MHz
24V<EVop <27V MHz
LS (low-speed 1.8V<EVop <55V 4 MHz
main) mode
LV (low-voltage 1.8V<EVop <55V 4 MHz
main) mode 16V<EVon<18V 2 MHz
Interrupt input high-level width, tINTH, INTPO 16V<Vop<55V 1 us
low-level width T INTP1to INTP7 | 1.6 V<EVoo <55V 1 s
Key interrupt input low-level width | tkr KRO to KR3 1.8V<EVD <55V 250 ns
1.6 V<EVop<18V 1 s
RESET low-level width trsL 10 s

Remark fuck: Timer array unit operation clock frequency
(Operation clock to be set by the CKSOn bit of timer mode register On (TMROnN). n: Channel number (n = 0 to 7))
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RL78/L12

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

TITO Timing

TIOO to TIO7

tH

1/fro

—
—

TOO0O0 to TOO7

Interrupt Request Input Timing

tINTH

tiNTL
INTPO to INTP7 \

Key Interrupt Input Timing

RESET Input Timing

trRsL

RESET

KRO to KR3 \L

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

UART mode connection diagram (during communication at same potential)

TxDq Rx
RL78 microcontroller User's device
RxDq Tx

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

1/Transfer rate

High-/Low-bit width

Baud rate error tolerance

TxDq
RxDq

Remarks 1. q: UART number (q = 0), g: PIM and POM number (g = 1)

2. fuck: Serial array unit operation clock frequency
(Operation clock to be set by the serial clock select register m (SPSm) and the CKSmn bit of serial mode

register mn (SMRmn). m: Unit number, n: Channel number (mn = 00, 01))
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta = -40 to +85°C)

(3) During communication at same potential (CSI mode) (slave mode, SCKp... external clock input) (2/2)
(Ta=-40 to +85°C, 1.6 V< EVbp =Vpp < 5.5V, Vss = EVss =0 V)
Parameter Symbol Conditions HS LS (low-|LV (low-| Unit Para | Symbol |Conditions
(high- | speed | voltage meter
speed | main) | main)
main) | Mode | Mode
Mode
Delay time from tksoz C=30pFN"* | 40V<EVop<55V 2/fwck 2/fmck 2/fmck ns
SCKp! to SOp +44 +110 +110
Note 3
output 27V<EVon <40V 2ffuck 2ffuck 2ffuck ns
+44 +110 +110
24V<EVop<27V 2/fmek 2/fmek 2/fmek ns
+75 +110 +110
1.8V<EVon<24V 2/fmeck 2/fmck ns
+110 +110
16V<EVop<18V 2/fuck ns
+ 220

Notes 1. 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.

2. 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.

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 SCKp and SOp output lines.

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

Caution Select the normal input buffer for the Slp 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: CSl number (p = 00, 01), m: Unit number (m = 0),
n: Channel number (n =0, 1), g: PIM number (g = 1)
2. fuck: Serial array unit operation clock frequency
(Operation clock to be set by the serial clock select register m (SPSm) and the CKSmn bit of serial mode
register mn (SMRmn). m: Unit number, n: Channel number (mn = 00, 01))
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta = -40 to +85°C)

(4) Communication at different potential (1.8 V, 2.5V, 3 V) (UART mode) (1/2)
(Ta=-40 to +85°C, 1.8 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.
Transfer rate Reception | 40V<EVop <55V, fuck/6 fvek/6 fuck/6 | bps
27V<Vb<40V Note 1 Note1 Note1
Theoretical value of the 4.0 1.3 0.6 | Mbps
maximum transfer rate
fiuck = foucNete?
27V<EVp<4.0V, fuc/6 fuck/6 fuck/®6 | bps
23V<Wh<27V Note 1 Note1 Note'
Theoretical value of the 4.0 1.3 0.6 | Mbps
maximum transfer rate
fiuck = foucNete3
24V<EVop <33V, fvek/6 fuek/6 fuck/®6 | bps
16V<Vb<20V Note 1 Note1 Note1
Theoretical value of the 4.0 1.3 06 | Mbps
maximum transfer rate
fiuck = fouk e
1.8V<EVoD <33V, fmek/6 fuck/6 | bps
16V<Ve<20V Notes1,2 Notes 1,2
Theoretical value of the 1.3 0.6 | Mbps
maximum transfer rate
fiuck = foucNete3

Notes 1. Transfer rate in the SNOOZE mode is 4800 bps only.
2. Use it with EVbb 2 Vb.
3. The maximum operating frequencies of the CPU/peripheral hardware clock (fcik) are:
HS (high-speed main) mode: 24 MHz (2.7 V <Vpp £ 5.5 V)
16 MHz (2.4 V <Vob <5.5V)
LS (low-speed main) mode: 8MHz (1.8V<Vob<5.5V)
LV (low-voltage main) mode: 4MHz (1.6 V<Vbop<5.5V)

Caution Select the TTL input buffer for the RxDq pin and the N-ch open drain output (Vop tolerance (32-pin to 52-
pin products)/EVop tolerance (64-pin products)) mode for the TxDq pin by using port input mode
register g (PIMg) and port output mode register g (POMg). For Vi1 and Vi, see the DC characteristics
with TTL input buffer selected.

Remarks 1. Vb[V]: Communication line voltage
2. q: UART number (q = 0), g: PIM and POM number (g = 1)
3. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the serial clock select register m (SPSm) and the CKSmn bit of serial mode
register mn (SMRmn). m: Unit number, n: Channel number (mn = 00, 01)

RO1DS0157EJ0210 Rev.2.10 R NS Page 45 of 131
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RL78/L12 2. ELECTRICAL SPECIFICATIONS (A, G: Ta = -40 to +85°C)

UART mode connection diagram (during communication at different potential)

Vb
% Ro
TxDq Rx
RL78 microcontroller User's device
RxDq Tx

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

1/Transfer rate
Low-bit width

High-bit width

Baud rate error tolerance

. " )(
\ /!

1/Transfer rate

High-/Low-bit width

Baud rate error tolerance

RxDq <

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

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)

2.6 Analog Characteristics

2.6.1 A/D converter characteristics
Classification of A/D converter characteristics

Input channel

Reference Voltage

Reference voltage (+) = AVREFP
Reference voltage () = AVREFM

Reference voltage (+) = VbD
Reference voltage (-) = Vss

Reference voltage (+) = VBGR
Reference voltage (-) = AVREFM

ANIO, ANI1

Refer to 2.6.1 (3).

ANI16 to ANI23

Refer to 2.6.1 (2).

Internal reference voltage

Temperature sensor output voltage

Refer to 2.6.1 (1).

Refer to 2.6.1 (4).

(1) When reference voltage (+) = AVrerr/ANIO0 (ADREFP1 = 0, ADREFPO = 1), reference voltage (-) = AVrerm/ANI1
(ADREFM = 1), target pin : internal reference voltage, and temperature sensor output voltage

(Ta=—-40 to +85°C, 2.4 V<EVob =Vop < 5.5V, 1.6 V< AVrerr < Vop < 5.5 V, Vss = EVss = 0 V, Reference voltage (+) =
AVrerr, Reference voltage (-) = AVrerm = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 8 10 bit
Overall error*®” AINL 10-bit resolution 1.8V <Vop<55V 1.2 +3.5 LSB

AVrerp = Voo "% 1.6V < Voo <5.5 Ve 12 70 | LsB
Conversion time tconv 10-bit resolution 36V<Vop<b55V 2.375 39 us

Target pin: Internal reference 27V <Von<55V 3.5625 39 s

voltage, and temperature

sensor output voltage (HS 24V<Voo <85V 7 39 Hs

(high-speed main) mode)
Zero-scale error"*** "2 Eg 10-bit resolution 1.8V <AVrerr < 5.5V 1025 | %FSR

AVrerp = Voo ' 1.6 V < AVrerp < 5.5 /N4 +0.50 | %FSR
Full-scale error**®* "2 | Erg 10-bit resoluti'?n 1.8V <AVrerp < 5.5V £0.25 | %FSR

AVaese = Voo ' 1.6 V < AVrerp < 5.5 /N4 +0.50 | %FSR
Integral linearity ILE 10-bit resolution 1.8V<Vop<55V 2.5 LSB
error"**" AVrerp = Voo "% 1.6V < Voo <5.5 Ve 150 | LSB
Differential linearity DLE 10-bit resolution 1.8V<Vop<55V 1.5 LSB
error**"! AVrerp = Voo "¢ 1.6V < Voo < 5.5 VM4 20 | LsB
Analog input voltage | Van Internal reference voltage Veer N ® \%

(2.4 V <Vop £5.5V, HS (high-speed main) mode)

Vaer Temperature sensor output voltage Vrupsas Nt 8 Y
(2.4 V <Vop £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 AVRerp < Vop, the MAX. values are as follows.
Overall error: Add +1.0 LSB to the MAX. value when AVReFp = Vbb.
Zero-scale error/Full-scale error: Add £0.05%FSR to the MAX. value when AVRrerp = Vob.
Integral linearity error/Differential linearity error: Add £0.5 LSB to the MAX. value when AVReFp = Vbb.
4. Values when the conversion time is set to 57 us (min.) and 95 us (max.).
5. Refer to 2.6.2 Temperature sensor/internal reference voltage characteristics.
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3. ELECTRICAL SPECIFICATIONS (G: Ta =-40to +105°C)

TITO Timing

tme

TIOO to TIO7

tH

1/fro

—
—

TOO0O0 to TOO7

Interrupt Request Input Timing

tiNH

tiNL
INTPO to INTP7 \

Key Interrupt Input Timing

KRO to KR3

RESET Input Timing

RESET

—
—

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

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

tkeyt,2

k.2 tkHt 2

/
SCKp \

\ .
tsii,2 tksit, 2
Slp Input data
tksot,2

SOp Output data ><

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

tkev1, 2
trt, 2 tkLt, 2
SCKp / \
tsik1, 2 tksit,2 |
Slp Input data
tkso1, 2

SOp Output data ><

Remarks 1. p: CSl number (p = 00, 01)
2.  m: Unit number, n: Channel number (mn = 00, 01)
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RL78/L12 3. ELECTRICAL SPECIFICATIONS (G: Ta =-40to +105°C)

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

tkey2
tkL2 tkH2
/
SCKp <
tsk2 tksi2
Slp Input data
tkso2
SOp Output data

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

tkey2
tkH2 tkL2
/ /
SCKp
/ \
tsik2 tksi2
Slp Input data
tkso2
SOp Output data

Remark p: CSI 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)

3.5.2 Serial interface IICA

(1) I°C standard mode
(Ta=-40 to +105°C, 2.4 V<EVpop =Vpp < 5.5V, Vss =EVss =0 V)

Parameter Symbol Conditions HS (high-speed main) Mode Unit
MIN. MAX.
SCLAO clock frequency fscL Standard mode: | 2.7V <EVop<5.5V 0 100 kHz
fouc 2 1 MHz 24V <EVop<55V 0 100 kHz
Setup time of restart condition tsu:sTA 27V<EVop<55V 4.7 us
24V<EVop<55V 4.7 us
Hold timeN°te" tHp:sTA 27V<EVop<55V 4.0 us
24V<EVop <55V 4.0 us
Hold time when SCLAO = “L” tLow 27V<EVop<55V 4.7 us
24V <EVop<55V 4.7 us
Hold time when SCLAQ = “H” tricH 27V<EVop <55V 4.0 us
24V <EVop<55V 4.0 us
Data setup time (reception) tsu:pAT 27V<EVop <55V 250 ns
24V <EVop<55V 250 ns
Data hold time (transmission)"¢2 tHD:DAT 27V<EVop<55V 0 345 us
24V<EVop <55V 0 345 us
Setup time of stop condition tsu:sto 27V<EVop<55V 4.0 us
24V<EVop <55V 4.0 us
Bus-free time tsur 27V<EVopb<55V 4.7 us
24V<EVp <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 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.

Standard mode: Cb =400 pF, Ro = 2.7 kQ
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RL78/L12 3. ELECTRICAL SPECIFICATIONS (G: Ta =-40to +105°C)

(2) When reference voltage (+) = AVrerr/ANIO (ADREFP1 = 0, ADREFPO = 1), reference voltage (-) = AVrerm/ANI1
(ADREFM = 1), target pin : ANI16 to ANI23

(Ta=-40 to +105°C, 2.4 V< EVopo=Vop < 5.5V, 2.4 V < AVrerr < Vop £ 5.5V, Vss = EVss = 0 V, Reference voltage (+)
= AVrerp, Reference voltage (-) = AVrerm = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 8 10 bit
Overall error*®" AINL 10-bit resolution 2.4V <AVrerp <55V 1.2 5.0 LSB

AVrerp = EVop = Vpp "3
Conversion time tconv 10-bit resolution 36V<Vop<55V 2.125 39 us
= — Note 3
AVrere = EVoo = Voo 27V<Voo<55V | 3.1875 39 s
24V <Vop<55V 17 39 us
Zero-scale error"** "2 Ezs 10-bit resolution 2.4V <AVrerp <55V +0.35 | %FSR
AVrerp = EVop = Vpp "3
Full-scale error°tes "2 Ers 10-bit resolution 24V <AVrerp <55V +0.35 | %FSR
AVrerp = EVop = Vop V3
Integral linearity error™® ! | ILE 10-bit resolution 24V <AVrerp <55V +3.5 LSB
AVrerp = EVop = Vpp V'3
Differential linearity error | DLE 10-bit resolution 24V <AVrerp <55V +2.0 LSB
Note 1 AVrerp = EVop = Voo "3
Analog input voltage Vain ANI16 to ANI23 0 AVRerp \Y
and EVop

Notes 1. Excludes quantization error (+1/2 LSB).
2. This value is indicated as a ratio (%FSR) to the full-scale value.
3. When AVRrerp < EVbp = Vop, the MAX. values are as follows.
Overall error: Add +4.0 LSB to the MAX. value when AVRerp = Vop.
Zero-scale error/Full-scale error: Add £0.20%FSR to the MAX. value when AVRrerr = Vbb.
Integral linearity error/ Differential linearity error: Add £2.0 LSB to the MAX. value when AVRrerp = Vbp.
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(4) When reference voltage (+) = Internal reference voltage (ADREFP1 = 1, ADREFPO = 0), reference voltage (-) =
AVrerv/ANI1 (ADREFM = 1), target pin : ANIO, ANI16 to ANI23

(TA = —40 to +105°C, 2.4 V < EVbp = Voo < 5.5 V, Vss = EVss = 0 V, Reference voltage (+) = Vser "*** ?, Reference
voltage (-) = AVrerm " *= 0 V, HS (high-speed main) mode)

Parameter Symbol Conditions MIN. ‘ TYP. ‘ MAX. Unit
Resolution RES 8 bit
Conversion time tcony 8-bit resolution 24V <Vpbp<55V 17 39 us
Zero-scale error*te "2 Ezs 8-bit resolution 24V<Vop<55V +0.60 | %FSR
Integral linearity error>®" ILE 8-bit resolution 24V<VbD<55V 2.0 LSB
Differential linearity error Note 1 DLE 8-bit resolution 24V <Vpbp<55V +1.0 LSB
Analog input voltage VAN 0 Veer"®3| v

Notes 1. Excludes quantization error (£1/2 LSB).

2. This value is indicated as a ratio (%FSR) to the full-scale value.

3. Refer to 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 MAX. value when reference voltage (—) = AVReFm.
Integral linearity error: Add £0.5 LSB to the MAX. value when reference voltage (-) = AVRerm.

Differential linearity error: Add 0.2 LSB to the MAX. value when reference voltage (-) = AVReFm.
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<R> 3.8 RAM Data Retention Characteristics

(Ta=-40to +105°C, Vss =0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit

Data retention supply voltage VbpbR 1.44N® 55 \%

<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.

I STOP mode Operation mode

<R> ‘ RAM Data retention mode —»‘

))

Voo T \ \/boDR

STOP instruction execution

/
Standby release signal
(interrupt request) N
0
3.9 Flash Memory Programming Characteristics
(TAa=-40 to +105°C, 2.4 V<EVop =Vbp < 5.5V, Vss = EVss = 0 V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
System clock frequency ferk 1.8V<Vbp<55V 1 24 MHz
<R> | Number of code flash rewrites Cerwr Retained for 20 years 1,000 Times
Notes 1, 2,3 TA - BSOCNote 4
<R> | Number of data flash rewrites Retained for 1 year 1,000,000
Notes 1, 2,3 TA - zsoCNote 4
<R> Retained for 5 years 100,000
Ta = 85°CN°*
<R> Retained for 20 years 10,000
Ta = 85°C"e*

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

[ d

This characteristic indicates the flash memory characteristic and based on Renesas Electronics reliability test.
<R> 4. This temperature is the average value at which data are retained.

3.10 Dedicated Flash Memory Programmer Communication (UART)

(Ta=-40 to +105°C, 2.4 V<EVpp = VDD < 5.5V, Vss = EVss = 0 V)

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

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products and application examples. You are fully responsible for
the incorporation of these circuits, software, and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by you or third parties arising from the
use of these circuits, software, or information.

2. Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics does not warrant that such information is error free. Renesas Electronics
assumes no liability whatsoever for any damages incurred by you resulting from errors in or omissions from the information included herein.

3. Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights of third parties by or arising from the use of Renesas Electronics products or
technical information described in this document. No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or
others.

4. You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part. Renesas Electronics assumes no responsibility for any losses incurred by you or
third parties arising from such alteration, modification, copy or otherwise misappropriation of Renesas Electronics product.

5. Renesas Electronics products are classified according to the following two quality grades: "Standard" and "High Quality". The recommended applications for each Renesas Electronics product depends on
the product's quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home electronic appliances; machine tools; personal electronic
equipment; and industrial robots etc.

"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-crime systems; and safety equipment etc.

Renesas Electronics products are neither intended nor authorized for use in products or systems that may pose a direct threat to human life or bodily injury (artificial life support devices or systems, surgical
implantations etc.), or may cause serious property damages (nuclear reactor control systems, military equipment etc.). You must check the quality grade of each Renesas Electronics product before using it
in a particular application. You may not use any Renesas Electronics product for any application for which it is not intended. Renesas Electronics shall not be in any way liable for any damages or losses
incurred by you or third parties arising from the use of any Renesas Electronics product for which the product is not intended by Renesas Electronics.

6. You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics, especially with respect to the maximum rating, operating supply voltage
range, movement power voltage range, heat radiation characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or damages arising out of the
use of Renesas Electronics products beyond such specified ranges.

7. Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have specific characteristics such as the occurrence of failure at a certain rate and
malfunctions under certain use conditions. Further, Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to guard them against the
possibility of physical injury, and injury or damage caused by fire in the event of the failure of a Renesas Electronics product, such as safety design for hardware and software including but not limited to
redundancy, fire control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult,
please evaluate the safety of the final products or systems manufactured by you.

8. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas Electronics product. Please use Renesas Electronics

products in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive. Renesas Electronics assumes

no liability for damages or losses occurring as a result of your iance with laws and ions.

9. Renesas Electronics products and technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited under any applicable domestic or foreign laws or
regulations. You should not use Renesas Electronics products or technology described in this document for any purpose relating to military applications or use by the military, including but not limited to the
development of weapons of mass destruction. When exporting the Renesas Electronics products or technology described in this document, you should comply with the applicable export control laws and
regulations and follow the procedures required by such laws and regulations.

10. Itis the responsibility of the buyer or distributor of Renesas Electronics products, who distributes, disposes of, or otherwise places the product with a third party, to notify such third party in advance of the
contents and conditions set forth in this document, Renesas Electronics assumes no responsibility for any losses incurred by you or third parties as a result of unauthorized use of Renesas Electronics
products.

1

. This document may not be reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products, or if you have any other inquiries.
(Note 1) "Renesas Electronics" as used in this document means Renesas Electronics Corporation and also includes its majority-owned subsidiaries.

(Note 2) "Renesas Electronics product(s)" means any product developed or manufactured by or for Renesas Electronics.
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