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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.
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RL78/G1A 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

<R> Notes 1. Current flowing to Vob.

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

3. Current flowing only to the real-time clock (RTC) (excluding the operating current of the low-speed
on-chip ocsillator and the XT1 oscillator). The supply current of the RL78 microcontrollers is the sum of
the values of either Iop1 or Ibp2, and IrTc, when the real-time clock operates in operation mode or HALT
mode. When the low-speed on-chip oscillator is selected, IFiL should be added. Ipp2 subsystem clock
operation includes the operational current of the real-time clock.

4. Current flowing only to the 12-bit interval timer (excluding the operating current of the low-speed on-chip
ocsillator and the XT1 oscillator). The supply current of the RL78 microcontrollers is the sum of the
values of either lop1 or lop2, and Iit, when the 12-bit interval timer operates in operation mode or HALT
mode. When the low-speed on-chip oscillator is selected, IFiL should be added.

5. Current flowing only to the watchdog timer (including the operating current of the low-speed on-chip
oscillator). The supply current of the RL78 microcontrollers is the sum of Ibp1, lop2, or Iops and Iwpt
when the watchdog timer is in operation.

o

Current flowing only to the A/D converter. The supply current of the RL78 microcontrollers is the sum of

Iop1 or Iop2 and labc, lavrer, labrer when the A/D converter operates in an operation mode or the HALT

mode.

7. Current flowing to the AVop.

8. Current flowing from the reference voltage source of A/D converter.

9. Operation current flowing to the internal reference voltage.

10. Current flowing to the AVReFp.

11. Current flowing only to the LVD circuit. The supply current of the RL78 microcontrollers is the sum of
Ipp1, Ibp2 or Ipp3 and ILvp when the LVD circuit is in operation.

12. Current flowing only during data flash rewrite.

13. Current flowing only during self programming.

Remarks 1. fi.: Low-speed on-chip oscillator clock frequency
2. fsus: Subsystem clock frequency (XT1 clock oscillation frequency)
3. fck: CPU/peripheral hardware clock frequency
4. Temperature condition of the TYP. value is Ta = 25°C
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RL78/G1A 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

2.4 AC Characteristics

(TA=-40 to +85°C, AVob < Vpp < 3.6 V, 1.6 V < EVppo < Vbbp < 3.6 V, Vss = EVsso = 0 V)

ltems Symbol Conditions MIN. TYP. MAX. Unit
Instruction cycle (minimum | Tey Main system | HS (high-speed 2.7 V < Vbp < 3.6 V| 0.03125 1 us
instruction execution time) clock (fwan) | main) mode 24V <Voo<27V| 0.0625 1 s
operation SR - :
LS (low-speed |1.8V <Voo<3.6V| 0.125 1 us
main) mode
LV (low-voltage |1.6 V<Voo <3.6 V| 0.25 1 us
main) mode
Subsystem clock (fsus) 1.8V<Vop<36V| 285 30.5 31.3 us
operation
In the self HS (high-speed 2.7 V < Voo < 3.6 V| 0.03125 1 us
programming | main) mode 2 4 < Vpp < 2.7 V| 0.0625 1 s
mode
LS (low-speed |1.8V <Voo<3.6V| 0.125 1 us
main) mode
LV (low-voltage |1.6 V<Voo <3.6 V| 0.25 1 us
main) mode
External system clock fex 27V<Vop<36V 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| text, tex. | 2.7 V<Vop < 3.6 V 24 ns
high-level width, low-level 24V <Vop<27V 30 ns
width — -
1.8V<Vm<24V 60 ns
16V<Vopb<18V 120 ns
texns, texts 13.7 us
TIOO, TIO1, TIO3 to TIO7 trin, tri 1/fmck+10] nghete

input high-level width,
low-level width

TOO00, TO01, TOO3 to fro HS (high-speed main) | 2.7 V<EVopo<3.6V 8 MHz
TOO7 output frequency mode 1.8V <EVooo < 2.7 V 4 | MHz
1.6 V<EVooo <18V 2 MHz
LS (low-speed main) 1.8V <EVbpo<3.6V 4 MHz
mode 1.6 V<EVooo < 1.8V 2 MHz
LV (low-voltage main) 1.6 V<EVooo<3.6V 2 MHz
mode
PCLBUZO, PCLBUZ1 frcL HS (high-speed main) 2.7V<EVooo<3.6V 8 MHz
output frequency mode 1.8V <EVooo <27V 4 MHz
1.6 V<EVbpo<1.8V 2 MHz
LS (low-speed main) 1.8 V<EVoo0<3.6V 4 MHz
mode 1.6 V<EVooo < 1.8 V 2 | MHz
LV (low-voltage main) 1.8 V<EVooo<3.6V 4 MHz
mode 1.6 V<EVooo < 1.8 V 2 | MHz
Interrupt input high-level tint, tintL | INTPO 16V<Vop<36V 1 us
width, low-level width INTP1 to INTP11 1.6V <EVoro<3.6V 1 s
Key interrupt input tkr KRO to KR9 1.8V <EVooo<3.6V, 250 ns
high-level width, low-level 1.8V <AVooo<3.6V
width 1.6V<EVoro <18V, 1 s
1.6 V<AVooo <18V
RESET low-level width trsL 10 us
(Note and Remark are listed on the next page.)
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RL78/G1A 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

<R> Tcy vs Vop (LS (low-speed main) mode)
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RL78/G1A

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

(3) During communication at same potential (CSI mode) (master mode, SCKp... internal clock output)
(TA=—-40 to +85°C, 1.6 V< EVppo < Vop £ 3.6 V, Vss = EVsso = 0 V)

Parameter Symbol Conditions HSNote 1 [ GNote 2 L\/Note 3 Unit
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
SCKp cycle time tkevz 2.7V <EVopo < 3.6 V| tkev1 2 4ffex | 125 500 1000 ns
2.4V <EVopo<3.6V|tky1=4/fax | 250 500 1000 ns
1.8V <EVopo<3.6V | tkev1 > 4/fax | 500 500 1000 ns
1.7 V< EVopo < 3.6 V | tkev1 > 4/ffck | 1000 1000 1000 ns
1.6 V<EVbopo < 3.6V | tkevt > 4ffcik - 1000 1000 ns
SCKp high-/low-level tKH2, 27V <EVooo<3.6V tkeva/2 tkey2/2 tkeva/2 ns
width tkL2 -18 -50 -50
24V <EVopo<36V tkey2/2 tkeyz2/2 tkey2/2 ns
-38 -50 -50

1.8V <EVopo<3.6V tkeya/2 tkey2/2 tkev2/2 ns
-50 -50 -50

1.7V <EVooo < 3.6V tkey2/2 tkeyz2/2 tkey2/2 ns
-100 -100 -100

1.6 V<EVopo<3.6V - tkey2/2 trev2/2 ns
-100 -100

Slp setup time tsikz 2.7V <EVoo<3.6V 44 110 110 ns

(to SCKpT)Nere 2.4V <EVooo < 3.6 V 75 110 110 ns
1.8V <EVboo<3.6V 110 110 110 ns
1.7V <EVopo £ 3.6 V 220 220 220 ns
1.6 V<EVbooo<3.6V - 220 220 ns

Slp hold time tsi2 1.7V<EVop<3.6V 19 19 19 ns

(from SCKpT)Nete 16V <EVoo<3.6V - 19 19 ns

Delay time from SCKp! | tksoz 1.7V <EVop<3.6V | C=30pFht 25 25 25 ns

to SOp output™e'e* 1.6V <EVoo < 3.6V | C=30pFhees - 25 25 | ns

Notes 1. HS is condition of HS (high-speed main) mode.
2. LS is condition of LS (low-speed main) mode.
3. LV is condition of LV (low-voltage main) mode.
4. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp setup time or Slp hold time
becomes “from SCKpl” 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 delay time to SOp output
becomes “from SCKpT” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.
6. C is 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
SCKbp pin by using port input mode register g (PIMg) and port output mode register g (POMg).
Remark p: CSI number (p = 00, 01, 10, 11, 20, 21), m: Unit number (m = 0, 1), n: Channel number (n =0 to 3),
g: PIM and POM numbers (g =0, 1)
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RL78/G1A 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

Notes 1. HS is condition of HS (high-speed main) mode.

2. LS is condition of LS (low-speed main) mode.

3. LV is condition of LV (low-voltage main) mode.

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

5. When DAPmn = 0 and CKPmn = 0, or DAPmn =1 and CKPmn = 1. The Slp setup time or 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.

7. C s the load capacitance of the SOp output lines.

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, 10, 11, 20, 21), m: Unit number (m = 0, 1), n: Channel number (n = 0 to
3),
g: PIM number (g =0, 1)
2. fwvck: 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, 11))
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RL78/G1A

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

CSI mode connection diagram (during communication at same potential)

SCKp SCK
RL78 )
microcontroller P SO User device
SOp S

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

tkevi, 2

kL, 2 tHL, 2

e e

tsikt, 2 tksin2

tkso1, 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.)

tkeva, 2

tKH1, 2 kL 2

SCKp
4/ N

tsiki, 2 tksi1, 2

tkso1, 2

SOp Output data ><

p: CSI number (p = 00, 01, 10, 11, 20, 21)
2.  m: Unit number, n: Channel number (mn = 00 to 03, 10, 11)

Remarks 1.

R01DS0151EJ0210 Rev.2.10
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RL78/G1A 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

(7) Communication at different potential (2.5 V) (CSI mode) (master mode, SCKp... internal clock output,
corresponding CSI00 only)
(Ta=-40 to +85°C, 2.7 V < EVbbo < Vob < 3.6 V, Vss = EVsso = 0 V)

Parameter Symbol Conditions HSNote 1 L GNote 2 L\Note3 Unit
MIN. [ MAX. | MIN. | MAX. | MIN. [MAX.

SCKp cycle time tkey 2.7V <EVoo<3.6V, tkev1 > 2/fok | 300 1150 1150 ns
23V<Ve<27V,
Cb =20 pF, Ro = 2.7 kQ

SCKp high-level width k1 27V<EVom<3.6V,23V<Vb<27V, |tkev1/2 — tkey1/2 — tkey1/2 — ns
Cb=20pF, Ro=2.7 kQ 120 120 120

SCKp low-level width kL1 27V<EVoo0<3.6V,23V<VW<27V, |tkevi/2 — tkey1/2 — tkey1/2 — ns
Cb =20 pF, Ro=2.7 kQ 10 50 50

Slp setup time tsik1 27V<EVow<36V,23VIWw<27V, 121 479 479 ns

(to SCKpT)Nete 4 Cb=20 pF, Ro=2.7 kQ

Slp hold time tksit 27V<EVoo<36V,23V<Wb<27V, 10 10 10 ns

(from SCKpT)Nete 4 Cb=20 pF, Ro=2.7 kQ

Delay time from SCKp! to | tksor 27V<EVow<36V,23V<Wh<27V, 130 130 130 ns

SOp outputNote 4 Co=20pF, Ro=2.7kQ

Slp setup time tsik1 27V<EVoo<36V,23V<Vh<27V, 33 110 110 ns

(to SCKpl)Netes Cb=20 pF, Ro=2.7 kQ

Slp hold time tksi1 27V<EVow<36V,23V<Wh<27V, 10 10 10 ns

(from SCKplNete s Cb =20 pF, Ro=2.7 kQ

Delay time from SCKpT to | tksor 27V<EVo<3.6V,23V<Vh<27V, 10 10 10 ns

SOp outputNote s Co=20pF, Ro=2.7kQ

Notes 1. HSis condition of HS (high-speed main) mode.

LS is condition of LS (low-speed main) mode.

LV is condition of LV (low-voltage main) mode.

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

I

Caution Select the TTL input buffer for the Slp pin and the N-ch open drain output (Voo tolerance (When

25- to 48-pin products)/EVob tolerance (When 64-pin products)) mode for the SOp pin and SCKp

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

Remarks 1. Ro[Q2]: 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), m: Unit number (m = 0), n: Channel number (n = 0),
g: PIM and POM number (g = 1)
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RL78/G1A 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

(8) Communication at different potential (1.8V, 2.5 V) (CSI mode) (master mode, SCKp... internal clock output)
(1/2)
(Ta=-40 to +85°C, 1.8 V< EVbbo < Vob < 3.6 V, Vss = EVsso = 0 V)

Parameter Symbol Conditions HSNote 1 L GNote 2 L\Note 3 Unit

MIN. | MAX.| MIN. | MAX. | MIN. [ MAX.

SCKp cycle time tkey 2.7V <EVoo<3.6V, tkey1 > 4/fek 500 1150 1150 ns
23V<Ve<27V,
Cb =30 pF, Ro = 2.7 kQ

1.8 V<EVopo<3.3V, tkeyt = 4/fcik 1150 1150 1150 ns
1.6V <Vp<2.0 VNoted
Cb =30 pF, Ro = 5.5 kQ

SCKp high-level width | tkx1 27V<EVopo<36V,23V<Vb<27V, tkev1/2 — tkev1/2 — tkev1/2 — ns
Cb =30 pF, Ro = 2.7 kQ 170 170 170
1.8V <EVop0<3.3V,1.6V<Vb<2.0VNte |teev1/2 — tkev1/2 — tkev1/2 — ns
4 458 458 458
Cb =30 pF, Ro = 5.5 kQ

SCKp low-level width | tki1 27V <EVopo<36V,23V<WV<27V, tkev1/2 — tkev1/2 — tkey1/2 — ns
Cb = 30 pF, Ro = 2.7 kQ 18 50 50
1.8V <EVooo<3.3V, 1.6V <Vb<2.0VNote |teeyr/2 — tkey1/2 — tkey1/2 — ns
4 50 50 50

Cb =30 pF, Rb = 5.5 kQ

Notes 1. HS is condition of HS (high-speed main) mode.
2. LS is condition of LS (low-speed main) mode.
3. LV is condition of LV (low-voltage main) mode.
4. Use it with EVbbo > Vb.

Caution Select the TTL input buffer for the Slp pin and the N-ch open drain output (Vop tolerance (When
25- to 48-pin products)/EVop tolerance (When 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 Vi1
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, 10, 20), m: Unit number , n: Channel number (mn = 00, 02, 10),
g: PIM and POM number (g =0, 1)
3. CSI01, CSI11, and CSI21 cannot communicate at different potential. Use other CSI for
communication at different potential.
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2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

RL78/G1A
CSI mode serial transfer timing (slave mode) (during communication at different potential)
(When DAPmn = 0 and CKPmn =0, or DAPmn =1 and CKPmn =1.)
tkevz
tkL2 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 DAPmn = 0 and CKPmn =1, or DAPmn =1 and CKPmn =0.)
tkevz
tkH2 tkL2
/ /
SCKp /
\
tsik2 tksi2
Slp Input data
tkso2
SOp Output data
Remarks 1. p: CSl number (p = 00, 10, 20), m: Unit number, n: Channel number (mn = 00, 02, 10),

g: PIM and POM number (g =0, 1)

CSI01, CSI11, and CSI21 cannot communicate at different potential. Use other CSI for

communication at different potential.
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RL78/G1A 2. ELECTRICAL SPECIFICATIONS (Ta = —40 to +85°C)

2.5.2 Serial interface IICA

(1) I?C standard mode
(Ta=-40 to +85°C, 1.6 V < EVbbo < Vbop < 3.6 V, Vss = EVsso = 0 V)

Parameter Symbol Conditions Standard ModeN°te ! Unit
HSNoteZ LSNote3 LvNote4
MIN. | MAX. | MIN. | MIN. | MAX. | MIN.
SCLAO clock frequency fscL 27V<EVboo<3.6V 0 100 0 100 0 100 | kHz
1.8V<EVooo<36V 0 100 0 100 0 100
1.7V<EVooo<36V 0 100 0 100 0 100
1.6 V<EVooo<36V - 0 100 0 100
Setup time of restart condition tsusta | 27 V<EVoD0<3.6 V 4.7 4.7 4.7 s
1.8V <EVooo<36V 4.7 4.7 47
1.7V<EVooo<36V 4.7 4.7 47
1.6 V<EVooo<36V - 4.7 47
Hold timeNete s tio:sta | 2.7 V<EVoo < 3.6 V 4.0 4.0 4.0 us
1.8V <EVooo<36V 4.0 4.0 4.0
1.7V<EVooo<36V 4.0 4.0 4.0
16 V<EVooo<36V - 4.0 4.0
Hold time when SCLAQ = “L” trow 27V<EVb<36V 4.7 4.7 47 us
1.8V<EVooo<36V 4.7 4.7 47
1.7V<EVooo<36V 4.7 4.7 47
1.6 V<EVooo<36V - 4.7 47
Hold time when SCLAQ = “H” tHiGH 27V<EVooo<36V 4.0 4.0 4.0 s
1.8V <EVooo<36V 4.0 4.0 4.0
1.7V<EVooo<36V 4.0 4.0 4.0
16 V<EVooo<36V - 4.0 4.0
Data setup time (reception) tsu:DAT 27V<EVooo<3.6V 250 250 250 ns
1.8V<EVoo<36V 250 250 250
1.7V<EVooo<36V 250 250 250
16 V<EVooo<36V - 250 250
Data hold time (transmission)N°®® | tuppar | 2.7 V< EVooo < 3.6 V 0 3.45 0 3.45 0 345 | us
1.8V<EVooo<36V 0 3.45 0 3.45 0 3.45
1.7V<EVooo<36V 0 3.45 0 3.45 0 3.45
1.6 V<EVooo<36V - - 0 3.45 0 345
Setup time of stop condition tsu:sto 27V <EVom<3.6V 4.0 4.0 4.0 us
1.8V <EVooo<36V 4.0 4.0 4.0
1.7V<EVooo<36V 4.0 4.0 4.0
16 V<EVooo<36V - 4.0 4.0
Bus-free time tBur 27V<EVo<3.6V 4.7 4.7 4.7 us
1.8V <EVooo<36V 4.7 4.7 47
1.7V<EVooo<36V 4.7 4.7 47
16 V<EVooo<36V - 4.7 47
(Note and Remark are listed on the next page.)
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RL78/G1A

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

<R>

(5) When reference voltage (+) = AVoo (ADREFP1 = 0, ADREFPO = 0), reference voltage (-) = AVss (ADREFM
= 0), target for conversion: ANI16 to ANI30, interanal reference voltage, temperature sensor output
voltage

(Ta = -40 to +85°C, 1.6 V < EVpbpo < Vbpo < 3.6 V,1.6 V< AVbb < Vop < 3.6 V, Vss = EVsso =0V, AVss =0 V,

Reference voltage (+) = AVbp, Reference voltage (-) = AVss=0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution Res 24V <AV <36V 8 12 bit
1.8V<AVmp <36V 8 1(QNote 1
16 V<AV <36V gNote 2
Overall errorNete 3 AINL 12-bit resolution 24V<AVD<36V +8.5 LSB
10-bit resolution 1.8V<AVoD <36V 6.0
8-bit resolution 16V<AVop<36V +3.5
Conversion time tcony ADTYP =0, 24V<AVD <36V 4125 us
12-bit resolution
ADTYP =0, 1.8V<AVp <36V 9.5
10-bit resolutionN°te !
ADTYP =0, 16 V<AV <36V 57.5
8-bit resolutionNte 2
ADTYP =1, 24V<AVp <36V 3.3125 us
8-bit resolution 18V<AVoD <36V 7.875
16 V<AVop <36V 54.25
Zero-scale errorNote3 Ezs 12-bit resolution 24V <AVop<36V 18.0 LSB
10-bit resolution 1.8V<AVoD <36V +5.5
8-bit resolution 16V<AVop<36V +3.0
Full-scale errorNete3 Ers 12-bit resolution 24V <AVop<36V +8.0 LSB
10-bit resolution 1.8V<AVoD <36V 55
8-bit resolution 16V<AVop<36V +3.0
Integral linearity errorNete3 ILE 12-bit resolution 24V<AVop<36V +3.5 LSB
10-bit resolution 1.8V<AVop <36V 2.5
8-bit resolution 16V<AVop<36V +1.5
Differential linearity errorN°t3 | DLE 12-bit resolution 24V<AVD <36V 25 LSB
10-bit resolution 1.8V<AVoD<36V +2.5
8-bit resolution 16V<AVop <36V +2.0
Analog input voltage Vain 0 AVop and \%
EVooo
Interanal reference voltage VeerNote 4 \Yj
(2.4 'V <Vop £3.6 V, HS (high-speed main) mode)
Temperature sensor output voltage VrmpszsNote 4 Vv

(2.4 V <Vop £3.6 V, HS (high-speed main) mode)

Notes 1.

Cannot be used for lower 2 bit of ADCR register

2. Cannot be used for lower 4 bit of ADCR register
3. Excludes quantization error (+1/2 LSB).
4. See 2.6.2 Temperature sensor, internal reference voltage output characteristics.
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3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS TA = —40 to +105°C)

3.3.2 Supply current characteristics

(TA=-40 to +105°C, 2.4 V< EVbpo < Vbop < 3.6 V, Vss = EVsso = 0 V) (1/3)
Parameter | Symbol Conditions MIN. | TYP. | MAX. | Unit
Supply IopiNete ! | Operating | HS (high-speed | fin = 32 MHzNote3 Basic Vop=3.0V 2.1 mA
current mode main) modeN°te 8 operation

Normal Voo =3.0V 4.6 7.5 mA
operation
fin = 24 MHZNote 3 Normal Voo =3.0V 3.7 5.8 mA
operation
fin = 16 MHZNote 3 Normal Voo =3.0V 2.7 4.2 mA
operation
HS (high-speed | fux = 20 MHzN* 2, Normal Square 3.0 4.9 mA
main) modeN°te5 | Vop =3.0 V operation | wave input
Resonator 3.2 5.0
connection
fux = 10 MHzNte 2, Normal Square 1.9 2.9 mA
Voo =3.0V operation | wave input
Resonator 1.9 29
connection
Subsystem fsus = 32.768 kHzN*** 4 | Normal Square 4.1 4.9 LA
clock mode Ta=-40°C operation | wave input
Resonator 4.2 5.0
connection
fsus = 32.768 kHzN*** 4 | Normal Square 4.2 4.9 LA
Ta=+25°C operation | wave input
Resonator 4.3 5.0
connection
fsus = 32.768 kHzN°** 4 | Normal Square 4.3 5.5 LA
Ta=+50°C operation | wave input
Resonator 4.4 5.6
connection
fsus = 32.768 kHzN*** 4 | Normal Square 45 6.3 LA
Ta=+70°C operation | wave input
Resonator 4.6 6.4
connection
fsus = 32.768 kHzN*** 4 | Normal Square 4.8 7.7 LA
Ta = +85°C operation | wave input
Resonator 4.9 7.8
connection
fsus = 32.768 kHzV*** 4 | Normal Square 6.9 19.7 LA
Ta=+105°C operation | wave input
Resonator 7.0 19.8
connection

(Notes and Remarks are listed on the next page.)
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RL78/G1A 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS TA = —40 to +105°C)

Notes 1. Total current flowing into Vop and EVbpo, including the input leakage current flowing when the level of the
input pin is fixed to Voo, EVooo or Vss, EVsso. The values below the MAX. column include the
peripheral operation current. However, not including the current flowing into the A/D converter, LVD
circuit, /0O port, on-chip pull-up/pull-down resistors, and data flash rewriting.
2. When high-speed on-chip oscillator and subsystem clock are stopped.

d

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

4. When high-speed on-chip oscillator and high-speed system clock are stopped. When setting ultra-low
power consumption oscillation (AMPHS1 = 1). Not including the current flowing into the RTC, 12-bit
interval timer and watchdog timer

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

below.

HS (high-speed main) mode: Vbbb =2.7 V to 3.6 V@1 MHz to 32 MHz

Vop =2.4Vto 3.6 V@1 MHz to 16 MHz

Remarks 1. fux: High-speed system clock frequency (X1 clock oscillation frequency or external main system
clock frequency)
2. fin:  High-speed on-chip oscillator clock frequency
3. fsus: Subsystem clock frequency (XT1 clock oscillation frequency)
4. Except subsystem clock operation, temperature condition of the TYP. value is Ta = 25°C
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3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS TA = —40 to +105°C)

CSI mode connection diagram (during communication at same potential)

SCKp SCK
RL78 .
microcontroller P SO User device
SOp S

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

tkevi, 2

tki, 2 tkH1, 2

e

tsika, 2 tksi, 2

tkso1, 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.)

tkevi, 2

tkh1, 2 tkL1, 2

SCKp
4/ N

tsiki, 2 tksi1, 2

tkso1, 2

SOp Output data ><

Remarks 1. p: CSl number (p = 00, 01, 10, 11, 20, 21)
2.  m: Unit number, n: Channel number (mn = 00 to 03, 10, 11)
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RL78/G1A 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS TA = —40 to +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

tke2 tkH2

/
SCKp
\ N

tsik2 tksi2

Sip 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.)

tkevz

tkH2 tkL2

SCKp
/ \

tsik2 tksi2

Sip Input data

tkso2

SOp Output data

Remarks 1. p: CSI number (p = 00, 10, 20), m: Unit number, n: Channel number (mn = 00, 02, 10),

g: PIM and POM number (g =0, 1)

2. CSI01, CSI11, and CSI21 cannot communicate at different potential. Use other CSI for

communication at different potential.
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RL78/G1A 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS TA = —40 to +105°C)

(8) Communication at different potential (1.8 V, 2.5 V) (simplified I2°C mode) (1/2)
(Ta=-40 to +105°C, 2.4 V < EVppo < Voo < 3.6 V, Vss = EVsso = 0 V)

Parameter Symbol Conditions MIN. MAX. Unit

SCLr clock frequency fsoL 27V<EVooo <36V, 400Note 1 kHz
23V<Vb<27V,
Cb =50 pF, Ro = 2.7 kQ

2.7V <EVooo <36V, 10QNete ! kHz
23V<Vh<27V,
Cb = 100 pF, Ro = 2.7 kQ

24V <EVono<3.3V, 10QNete ! kHz
1.6V<Vb<20V,
Cb =100 pF, Ro = 5.5 kQ

Hold time when SCLr = “L” tLow 27V <EVbpo<3.6YV, 1200 ns
23V<Vb<27YV,

Cb =50 pF, Ro = 2.7 kQ
27V <EVopo<3.6V, 4600 ns
23V<Vb<27V,

Cb =100 pF, Ro = 2.7 kQ

2.4V <EVopo< 3.3V, 4650 ns
1.6V<Vb<20V,
Cb =100 pF, Ro = 5.5 kQ

Hold time when SCLr = “H” tHiGH 27V<EVooo<36V, 500 ns
23V<Vb<27V,
Cb =50 pF, Ro = 2.7 kQ

2.7V <EVopo<36V, 2400 ns
23V<Vb<27V,
Cbo =100 pF, Ro = 2.7 kQ

24V <EVooo<33V, 1830 ns
1.6V<Vb<20V,
Cb =100 pF, Ro = 5.5 kQ

(Notes, Caution and Remarks are listed on the next page.)
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RL78/G1A 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS TA = —40 to +105°C)

<R> (3) When reference voltage (+) = AVrerr/ANIO (ADREFP1 = 0, ADREFPO = 1), reference voltage (-) =
AVrerm/ANI1 (ADREFM = 1), target for conversion: ANI16 to ANI30, interanal reference voltage,
temperature sensor output voltage

(TA=-40 to +105°C, 2.4 V< EVopo<Vop < 3.6 V, 2.4V < AVrerr < AVDD < VDD < 3.6 V, Vss = EVsso =0 V, AVss =
0 V, Reference voltage (+) = AVRrerpr, Reference voltage (-) = AVrerm= 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution Res 24V <AVrerr <AVDD L 3.6 V 8 12 bit
Overall errorhete ! AINL 12-bit resolution 24V <AVrerr <AVDD 3.6 V +7.0 LSB
Conversion time tconv ADTYP =0, 24V <AVRerr <AVoD < 3.6 V 4125 Us

12-bit resolution
Zero-scale errorNete ! Ezs 12-bit resolution 24V <AVRerP <AVoD < 3.6 V 5.0 LSB
Full-scale errorNete! Ers 12-bit resolution 24V <AVrerp <AVOD 3.6 V 5.0 LSB
Integral linearity errorNete ! ILE 12-bit resolution 24V <AVRerr<AVD< 3.6 V +3.0 LSB
Differential linearity errorte** | DLE 12-bit resolution 24V <AVrerp <AVOD 3.6 V +2.0 LSB
Analog input voltage VAN 0. AVRerp \%
and EVooo
Interanal reference voltage Vagrote 2 \Y
(2.4 V <Vop £3.6 V, HS (high-speed main) mode)
Temperature sensor output voltage Vrmpszsiote 2 Y,
(2.4 V <Vop <£3.6 V, HS (high-speed main) mode)

Notes 1. Excludes quantization error (£1/2 LSB).
2. See 3.6.2 Temperature sensor, internal reference voltage output characteristics.
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RL78/G1A 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS TA = —40 to +105°C)

<R> (4) When reference voltage (+) = AVoo (ADREFP1 = 0, ADREFPO = 0), reference voltage (-) = AVss (ADREFM
= 0), target for conversion: ANI16 to ANI30, interanal reference voltage, temperature sensor output
voltage

(TA = —-40 to +105°C, 2.4 V < EVbpo < Vbpo < 3.6 V,24 V< AVoD < Vb <3.6 V,Vss =EVsso=0V, AVss =0V,
Reference voltage (+) = AVbb, Reference voltage (—) = AVss= 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution Res 24V <AV <36V 8 12 bit
Overall errorNete ! AINL 12-bit resolution 24V<AVD <36V +8.5 LSB
Conversion time tconv ADTYP =0, 24V<AVD<36V 4.125 Us

12-bit resolution
Zero-scale errorNete! Ezs 12-bit resolution 24V <AVop<36V +8.0 LSB
Full-scale errorhete! Ers 12-bit resolution 24V <AV <36V +8.0 LSB
Integral linearity errorNete ! ILE 12-bit resolution 24V<AVD<36V +3.5 LSB
Differential linearity errorN°! | DLE 12-bit resolution 24V<AVop<36V 2.5 LSB
Analog input voltage Vain 0 AVop and \%

EVboo
Interanal reference voltage VagrNote 2 \Y;

(2.4 V <Vop £3.6 V, HS (high-speed main) mode)

Temperature sensor output voltage V1mpszsNote 2 \Y;
(2.4 V <Vop £3.6 V, HS (high-speed main) mode)

Notes 1. Excludes quantization error (£1/2 LSB).
2. See 3.6.2 Temperature sensor, internal reference voltage output characteristics.
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RL78/G1A 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS TA = —40 to +105°C)

<R> (5) When reference voltage (+) = Internal reference voltage (1.45 V) (ADREFP1 = 1, ADREFPO = 0), reference
voltage (-) = AVss (ADREFM = 0), target for conversion: ANI0 to ANI12, ANI16 to ANI30

(Ta = —40 to +105°C, 24 V< Vop <3.6 V, 2.4 V < EVbp < Vbp, 2.4 V < AVpbp < VoD, Vss = EVsso = 0 V, AVss = 0 V,
Reference voltage (+) = Internal reference voltage, Reference voltage (-) = AVss= 0 V, HS (high-speed main) mode)

Parameter Symbol Conditions MIN. ‘ TYP. | MAX. Unit
Resolution Res 8 bit
Conversion time tconv 8-bit resolution 16.0 us
Zero-scale errorN°t Ezs 8-bit resolution +4.0 LSB
Integral linearity errorNete ILE 8-bit resolution +2.0 LSB
Differential linearity errorN°te DLE 8-bit resolution +2.5 LSB
Reference voltage (+) AVrer+) | = Internal reference voltage (Vscr) 1.38 1.45 1.50 \%
Analog input voltage VAN 0 V8GR \%

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

3.6.2 Temperature sensor, internal reference voltage output characteristics

(Ta=-40to +105°C, 2.4V <Vop < 3.6 V, Vss = 0 V, HS (high-speed main) mode)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Temperature sensor output voltage | Vtwmes2s | Setting ADS register = 80H, Ta = +25°C 1.05 \%
Internal reference voltage V8GR Setting ADS register = 81H 1.38 1.45 1.5 \%
Temperature coefficient Fyvtmps Temperature sensor output voltage that -3.6 mV/°C

depends on the temperature
Operation stabilization wait time tamp 10 us

3.6.3 POR circuit characteristics

(Ta = 40 to +105°C, Vss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection voltage VPoR Power supply rise time 1.45 1.51 1.57 \%
VPDR Power supply fall time 1.44 1.50 1.56 \%
Minimum pulse widthNete Tew 300 us

Note This is the time required for the POR circuit to execute a reset when Vop falls below Vror. When the
microcontroller enters STOP mode or if 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 before Vo rises to Vror after having fallen below 0.7 V.

Trw
Power supply voltage (Vop)
VPoOR
Vpor or 0.7V
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<R> 3.7 RAM Data Retention Characteristics

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

Data retention supply voltage \/DbDR 1.44Note 3.6 \Y]

<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.
N STOP mode Operation mode
<R> RAM data retention ——»
))
((
Veo T VbDDR
STOP instruction execution
/
Standby release signal
(interrupt request) N
3
3.8 Flash Memory Programming Characteristics
(Ta=-40to +105°C,2.4V<Vop<3.6 V,Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
CPU/peripheral hardware clock ferk 24V <Vop<3.6V 1 32 MHz
frequency
Number of code flash rewritesNotes .23 | Cerur Retained for 20 years 1,000 Times

Ta=85°C
Number of data flash rewritesNotes 1. 2.3 Retained for 1 years 1,000,000
Ta=25°C
Retained for 5 years 100,000
Ta=85°C
Retained for 20 years 10,000
Ta=85°C
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. These are the characteristics of the flash memory and the results obtained from reliability testing by
Renesas Electronics Corporation.
<R> 4. This temperature is the average value at which data are retained.
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