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RL78/G1D 2. ELECTRICAL SPECIFICATIONS

2.3 Oscillator Characteristics

2.3.1 X1, XT1, XRF oscillator characteristics

(Ta=-40 to +85°C, 1.6 V < Vop = Vbop_rF = AVbD_RF < 3.6 V, Vss = Vss_rRF = AVss_rF = 0 V)

Parameter Symbol Conditions MIN. | TYP. | MAX. [ Unit

X1 clock oscillation Ceramic resonator | fx 27V<Vops36V 1 20 MHz
frequency™™®" Crystal resonator 18V <Von <27V 1 8 MHz
1.6V<Vop=<18V 1 4 MHz

XT1 clock oscillation frequency™®*®’ fxr 32 |32.768| 35 kHz
RF base clock oscillation frequency™**®? fxrr 32 MHz
RF base clock oscillation frequency fxrFP -20 +20 ppm

accuracy™®*?

Notes 1. Indicates only permissible oscillator frequency ranges. Refer to AC Characteristics for instruction execution
time.
Request evaluation by the manufacturer of the oscillator circuit mounted on a board to check the oscillator
characteristics.
2. This Oscillator characteristics is base clock for RF Transceiver.

Caution Since the CPU is started by the high-speed on-chip oscillator clock after a reset release, check the X1
clock oscillation stabilization time using the oscillation stabilization time counter status register
(OSTC) by the user.
Determine the oscillation stabilization time of the OSTC register and the oscillation stabilization time
select register (OSTS) after sufficiently evaluating the oscillation stabilization time with the resonator
to be used.

2.3.2 On-chip oscillator characteristics

(Ta=-40 to +85°C, 1.6 V < Vbp = Vbp_rrF = AVbD_RF < 3.6 V, Vss = Vss_rRF = AVss_rr = 0 V)

Oscillators Symbol Conditions MIN. TYP. MAX. Unit
High-speed on-chip oscillator clock fin 1 32 MHz
frequency™°tes "2
High-speed on-chip oscillator clock fiHp -20to +85°C [1.8V <Vpp<3.6V -1.5 +1.5. %
frequency accuracy 1.6 V<Vpp <18V -5.0 +5.0 %
—40t0-20°C |1.8V<Vp<36V -2.5 +2.5. %
1.6 V<Vpp<1.8V -5.5 +5.5 %
Low-speed on-chip oscillator clock fiL 15 kHz
frequency "o
Low-speed on-chip oscillator clock fiLp -15 +15 %
frequency accuracy
On-chip oscillator clock frequency for the fiLrr 32.768 kHz
RF slow clock"**?
On-chip oscillator clock frequency accuracy | fiLrrp -0.025 0.025 %
for the RF slow clock

Notes 1. High-speed on-chip oscillator frequency is selected by bits 0 to 3 of option byte (000C2H/010C2H) and bits 0
to 2 of HOCODIV register.
2. This indicates the oscillator characteristics only. Refer to AC Characteristics for instruction execution time.
3. This indicates the oscillator characteristics only.
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RL78/G1D 2. ELECTRICAL SPECIFICATIONS

2.4 DC Characteristics

2.4.1 Output current

(TA=-40 to +85°C, 1.6 V < Vbp = Vbop_RrRF = AVbD_RF < 3.6 V, Vss = Vss_rRF = AVss_rRF = 0 V)

Items Symbol Conditions MIN. | TYP. MAX. Unit
Output current, | lont P00, P01, P02, P03, P10, P11, P12, Per pin 1.6V=<Vop<36V —10.0%*2 | mA
highM°t®* P13, P14, P15, P16, P30, P40, P120,

P130, P140, P147
P00, P01, P02, P03, P40, P120, P130, | Total™*®*| 2.7 V<Vop <3.6 V -10.0 mA
P140 1.8V<Vop<2.7V -5.0 mA
1.6V<Vop<1.8V 25 mA
P10, P11, P12, P13, P14, P15, P16, | TotalN*®*| 2.7V <Vop<3.6V -19.0 mA
P30, P147 1.8V <Vop<27V -10.0 | mA
16V<Vop<1.8V -5.0 mA
Total of all pins™*? 16V<Vop<3.6V -135.0%"* | mA
lorz P20, P21, P22, P23 Perpin |1.6V<Vop<3.6V —0.4%*%% | mA
TotalN*®*| 1.6 V<Vop<3.6V -1.5 mA
lowre | GPIOO, GPIO1, GPIO2, GPIO3 Perpin | 1.6V <Voorr<3.6V -2.0 mA
Output current, loLt P00, P01, P02, P03, P10, P11, P12, Per pin 1.6V<Vop<36V 20.0 N2 mA
lowMe" P13, P14, P15, P16, P30, P40, P120,
P130, P140, P147
P60, P61 Perpin |16V<Vop<3.6V 15.0M"°% | mA
P00, P01, P02, P03, P40, P120, P130, | Total™*®*| 2.7 V<Vop<3.6 V 15.0 mA
P140 1.8V <Vop<27V 9.0 mA
1.6V<Vop<1.8V 45 mA
P10, P11, P12, P13, P14, P15, P16, | TotalN*®*| 2.7V <Vop<3.6V 35.0 mA
P30, P60, P61, P147 1.8V <Vop<27V 20.0 mA
1.6V<Vop<1.8V 10.0 mA
Total of all pins™°*? 16V<Vop<3.6V 150.0 mA
loL2 P20, P21, P22, P23 Perpin |1.6V<Vop<3.6V 0.4%*2 | mA
TotalN*®*| 1.6 V<Vop<3.6V 5.0 mA
loirr | GPIOO, GPIO1, GPIO2, GPIO3 Perpin | 1.6V <Voorr<3.6V 2.0 mA

Notes 1. Value of current at which the device operation is guaranteed even if the current flows from the Voo pin to an
output pin.
2. However, do not exceed the total current value.
3. Specification under conditions where the duty factor < 70%.
The output current value that has changed to the duty factor > 70% the duty ratio can be calculated with the
following expression (when changing the duty factor from 70% to n%).
e Total output current of pins = (lon x 0.7)/(n x 0.01)
<Example> Where n = 50% and lon = -10.0 mA
Total output current of pins = (-10.0 x 0.7)/(50 x 0.01) = -14.0 mA
However, the current that is allowed to flow into one pin does not vary depending on the duty factor. A
current higher than the absolute maximum rating must not flow into one pin.
4. Product for industrial applications (R5F11AGGDNB, R5F11AGHDNB, R5F11AGJDNB) is —100.0 mA.

(Caution and Remark are listed on the next page.)
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RL78/G1D 2. ELECTRICAL SPECIFICATIONS

Notes 1. Current flowing into Vob, including the input leakage current flowing when the level of the input pin is fixed to
Vop or Vss. The values below the MAX. column include the peripheral operation current. However, not
including the current flowing into the A/D converter, LVD circuit, /0 port, and 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.

oo Dbd

When high-speed on-chip oscillator and high-speed system clock are stopped. When setting ultra-low current
consumption (AMPHS1 = 1). The current flowing into the RTC is included. However, not including the current
flowing into the 12-bit interval timer and watchdog timer.
Not including the current flowing into the RTC, 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 <Vop< 3.6 V@1 MHz to 32 MHz
24V <Vop<3.6 V@1 MHz to 16 MHz
LS (low-speed main) mode: 1.8V <Vop<3.6 V@1 MHz to 8 MHz
LV (low-voltage main) mode: 1.6V <Vbop<3.6 V@1 MHz to 4 MHz
8. If operation of the subsystem clock when STOP mode, same as when HALT mode of subsystem clock
operation.
9. The upper value is for square-wave input and the lower is with an oscillator connected.

Remarks 1. fux: High-speed system clock frequency (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 and STOP mode, temperature condition of the TYP. value is Ta = 25°C

R0O1DS0258EJ0120 Rev.1.20 Page 22 of 74
Dec 16, 201
ec 16,2016 RENESAS



RL78/G1D 2. ELECTRICAL SPECIFICATIONS

(3) Current for each peripheral circuit

(TA=—-40 to +85°C, 1.6 V < Vop = Vop_rF = AVop_rF < 3.6 V, Vss = Vss_rRF = AVss_rRF = 0 V)

Parameter Symbol Conditions MIN.| TYP. | MAX. | Unit
Low-speed on-chip oscillator | s """ 0.20 pA
operating current
Current when PCLBUZO and | Ipcex "t 1.0 pA

EXSLK_RF are connected
together and MCU supplies
RF slow clock to RF

RTC operating current [rrg Notes 123 0.02 pA
12-bit interval timer operating | lir Notes 24 0.02 pA
current
Watchdog timer operating lwor N 25 | fi is 15 kHz 0.22 pA
current
A/D converter operating laoc "¢ | When conversion | AVrere = Voo = 3.0 V 05| 07 |mA

current at maximum speed

A/D converter reference laprer VOt ! 75.0 pA

voltage current

Thermometer sensor Irwps Note ! 75.0 A

operating current

LVD operating current Joy Nete 7 0.08 pA

Flash self-programming lrsp Notes 9 2.50 | 12.20 | mA

operating current

BGO current lsco M -8 250 | 12.20 | mA

SNOOZE operating current Isnoz Note ! ADC operation The mode is performed N *° 0.50 | 0.60 | mA
The A/D conversion operations 120 | 144 | mA

are performed, Low voltage
mode, AVrerp = Vop = 3.0 V

CSI/UART operation 0.70 | 0.84 | mA

Notes 1.
2.
3.

8.
9.

Current flowing to Voo.

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

Current flowing only to the real-time clock (RTC) (excluding the operating current of the XT1 oscillator). The
value of the current value of the RL78 microcontroller is the sum of the values of either Ibb1 or lbp2, and Irtc,
when the real-time clock operates in operation mode or HALT mode. Also, add the value of IFIL in case of
selecting low-speed on-chip oscillator. Ipp2 subsystem clock operation includes the operational current of the
real-time clock.

Current flowing only to the 12 bit interval timer (including the operating current of the low-speed on-chip
oscillator). The current value of the MCU is the sum of Iop1 or Iop2 and it when fcik = fsus when the watchdog
timer operates in STOP mode. When using low-speed on-chip oscillator, add IFiL.

Current flowing only to the watchdog timer (including the operating current of the low-speed on-chip oscillator).
The current value of the MCU is the sum of lpp1, Ipp2 or Ipps and Iwpt when the watchdog timer is in operation.
Current flowing only to the A/D converter. The current value of MCU is the sum of Iop1 or Iop2 and labc when the
A/D converter operates in an operation mode or the HALT mode.

Current flowing only to the LVD circuit. The current value of MCU is the sum of lpbb1, Ibp2 or Iops and ILvi when
the LVD circuit is in operation.

Current flowing when operates rewriting to Data flash.

Current flowing when operates flash self-programming.

10. Shift time to the SNOOZE mode is referred User's Manual: Hardware.
(Remarks are listed on the next page.)
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RL78/G1D 2. ELECTRICAL SPECIFICATIONS

(TAa=-40 to +85°C, 1.6 V < Vpp = Vbp_RrRF = AVDD_RF < 3.6 V, Vss = Vss_rF = AVss_rr = 0 V) (2/2)

ltems Symbol Conditions MIN. TYP. | MAX. Unit
Interrupt input high-level width, | tinth, INTPO, INTP3, INTP5, INTP6 1 us
low-level width tinTL
External PA control output High-| trarrr TXSELH_RF 283 us
level width
External PA control output low- | teaLre TXSELL_RF 283 us
level width
RESET low-level width trsL RESET 10 us
RESET_RF internal pin low- tRSTLRF RESET_REF internal pin 31 us
level width

Minimum Instruction Execution Time during Main System Clock Operation

Tcy vs Vobp (HS (high-speed main) mode)

-
o

Al
i
I
i

—— When the high-speed on-chip oscillator clock is selected
— == During self programming
—-—- When high-speed system clock is selected

Cycle time Tcy [us]

0.1

N1} E—— -
0.05

T
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0.01
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Supply voltage Voo [V]
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RL78/G1D 2. ELECTRICAL SPECIFICATIONS

Tecvy vs Vob (LS (low-speed main) mode)
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f , ; —— When the high-speed on-chip oscillator clock is selected
E 4 K ——~ During self programming
E ] ! —-—- When high-speed system clock is selected
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Supply voltage Voo [V]
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Supply voltage Vop [V]
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RL78/G1D 2. ELECTRICAL SPECIFICATIONS

AC Timing Test Points

Viv/VoH ViH/Vor
Test points
>< Vi/Vo > P < Vi/Vou

External System Clock Timing

1/fex!
1/fexs

texc/ | texn/

texts texHs
EXCLK/EXCLKS \
N\ N~
TITO Timing

trie [ triH
TIO0 to TI07, TI10 to TI17 J/P

1/fro
TOO00 to TO07, TO10 to TO17 J / \
Interrupt Request Input Timing
tinTL J)/ tiNTH

trRsL
RESET l

INTPO, INTP3, INTP5, INTP6

RESET Input Timing
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RL78/G1D 2. ELECTRICAL SPECIFICATIONS

(2) During communication at same potential (CSI mode) (master mode, SCKp... internal clock output, supporting
CSI00 only)

(TA=—-40 to +85°C, 2.7 V < Vop = Vop_rRF = AVop_rF £ 3.6 V, Vss = Vss_rRF = AVss_rF = 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.
SCKop cycle time tkevi tkeyt = 2/ferk 83.3 250 500 ns
SCKp high-/low-level tkH1, tkev1/2 — tkev1/2 — tkev1/2 — ns
width tKLt 10 50 50
Slp setup time (to SCKpT) | tsis 33 110 110 ns
Note 1
Slp hold time (from SCKp?) | tksit 10 10 10 ns
Note 1
Delay time from SCKp| to | tksor C = 20 pF Noe? 10 10 10 ns
SOp output “°*2

Notes 1. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp 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 delay time to SOp output becomes
“from SCKp1” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.
3. Cis the load capacitance of the SCKp and SOp output lines.

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

Remarks 1. This specification is valid only when CSI00’s peripheral I/O redirect function is not used.
2. p: CSI number (p = 00), m: Unit number (m = 0), n: Channel number (n = 0),
g: PIM and POM numbers (g = 1)
3. fwuck: 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/G1D 2. ELECTRICAL SPECIFICATIONS

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, 20), m: Unit number (m =0, 1),
n: Channel number (n = 0), g: PIM and POM numbers (g = 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, 10))

CSI mode connection diagram (during communication at same potential)

SCKp SCK
RL78 Slp SO  User device
microcontroller

SOp Sl

R0O1DS0258EJ0120 Rev.1.20
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RL78/G1D 2. ELECTRICAL SPECIFICATIONS

(9) Communication at different potential (1.8 V, 2.5 V) (CSI mode: master mode, SCKp... internal clock output)

(Ta=-40 to +85°C, 1.8 V < Vbp = Vbp_rRF = AVbD_RF < 3.6 V, Vss = Vss_rRF = AVss_rrF = 0 V) (1/2)
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| tkcy1 tkevt 2 27V<Vop<36V 500 1150 1150 ns
Note 1 4fferx 23VsVbs27V
Cbv =30 pF, Ro = 2.7 kQ
24V<Vop<33V 1150 1150 1150 ns

16VsVh<20V
Cb =30 pF, Ro = 5.5 kQ

1.8V<Vop<3.3V - 1150 1150 ns
1.6V <Vo<2.0 VNt
Cb = 30 pF, Ro = 5.5 kQ

SCKp high-level | tkx1 27V=Vop<36V,23VsVp<27V tkey1/2- tkey1/2- tkey1/2- ns

width Nore ! Cb =30 pF, Ro = 2.7 kQ 170 170 170
24V<Vop<33V,16V=<Vp<20V tkev1/2- tkey1/2- tkey1/2- ns
Cb =30 pF, Ro = 5.5 kQ 458 458 458
1.8V<Vop<3.3V,1.6V<Vos20VNe - tkevi/2 — tkevi/2 — ns
s 458 458
Cb =30 pF, Ro = 5.5 kQ

SCKp low-level | txi1 27V<Vop<36V,23VVb<27V tkey1/2 — tkey1/2 — teev1/2 — ns

width Nete ! Cb =30 pF, Ro = 2.7 kQ 18 50 50
24V<Vop<33V,16V<Vp<20V tkev1/2 — tkev1/2 — tkev1/2 — ns
Cb =30 pF, Ro = 5.5 kQ 50 50 50
1.8V<Vop<33V,1.6VsVe<20VWey - tkovi/2 — tkovi/2 — ns
Cb =30 pF, Ro = 5.5 kQ 50 50

Slp setup timg1 tsikt 27V<Vop<36V,23VsVe<27V 177 479 479 ns

gto SCKpt1) Cb =30 pF, Ro = 2.7 kQ

24V<Vop<33V,16V<Ve<20V 479 479 479 ns
Cb =30 pF, Ro = 5.5 kQ

1.8V<Vop<3.3V,16V<sVo<s20VN*3 - 479 479 ns
Cb =30 pF, Ro = 5.5 kQ
Slp hold time | tksn 27VsVop<36V,23VsVb<s27V 19 19 19 ns
gfor'gTZSCKpT) Cb =30 pF, Ro = 2.7 kQ
24V<Vop<33V,16V<Ve<20V 19 19 19 ns

Cb =30 pF, Ro = 5.5 kQ

1.8V<Vop<33V,16VsVos20Vitey - 19 19 ns
Cbv =30 pF, Ro = 5.5kQ

Notes 1. Supporting CSI00 and CSI20.
2. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.
3. Use it with Vbp = Vb.

(Caution are listed on the next page.)
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RL78/G1D 2. ELECTRICAL SPECIFICATIONS

(Ta =-40 to +85°C, 1.8 V < Vbb = Vop_rF = AVbD_RF < 3.6 V, Vss = Vss_rr = AVss_rF = 0 V) (2/2)
Parameter Symbol Conditions HS (high-speed |LS (low-speed main)| LV (low-voltage Unit
main) Mode Mode main) Mode
MIN. MAX. MIN. MAX. MIN. MAX.
SCKp high-/low-level tkH2, 27V<Vop<36V tkev/2 — tkev2/2 — tkev2/2 — ns
width tki2 23V<sVb=<27V 18 50 50
24V <Vop<33V tkev2/2 — tkev2/2 — tkev2/2 — ns
1.6V=V<20V 50 50 50
1.8V <Vpp<3.3V - tkev2/2 — tkev2/2 — ns
1.6V <Vp<20V N2 50 50
Slp setup time tsikz 27V<Vop<36V 1/fmek + 1/fmek + 1/fmek + ns
(to SCKp1)Noe? 23VsVb<40V 20 30 30
24V<Vop<33V 1/fmek + 1/fmek + 1/fmek + ns
1.6V=Ve<20V 30 30 30
1.8V <Vop<3.3V - 1/fmck + 1/fmex + ns
1.6V <Vp<20VNee? 30 30
Slp hold time Note3 ticsi2 27V<Vop<3.6V 1/fuck + 31 ek + ek + ns
(from SCKp1) 23V<sVb<40V 31 31
24V<Vop<33V 1/fvcx + 31 1/fmex + 1/fmex + ns
1.6V=Vp<20V 31 31
1.8V <Vop<3.3V - 1/fmek + 1/fmek + ns
1.6V <Vpb<20V N2 31 31
Delay time from SCKp| | tkso2 27V<Vop<36V 2/fmex + 2/fvck + 2/fvck + ns
to SOp output V°te* 23VsVb<27V 214 573 573
Cb =30 pF, Ro = 2.7 kQ
24V<Vop<33V 2/fmek + 2/fmek + 2/fmek + ns
1.6V=Ve<20V 573 573 573
Cb =30 pF, Ro =5.5kQ
1.8V <Vop<33V - 2/fmek + 2/fmek + ns
1.6V <Vp<20VNee? 573 573

Cb =30 pF, Ro = 5.5 kQ

Notes 1. Transfer rate in the SNOOZE mode : MAX. 1 Mbps
2. Use it with Vpp = Vb.
3. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp time becomes “to 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 SCKp1” 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 ViH and Vi, see the DC characteristics with TTL input buffer selected.
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RL78/G1D 2. ELECTRICAL SPECIFICATIONS

(11) Communication at different potential (1.8 V, 2.5 V) (simplified I’c mode)

(Ta=-40 to +85°C, 1.8 V < Vbp = Vbp_rRF = AVbD_RF < 3.6 V, Vss = Vss_rRF = AVss_rrF = 0 V) (1/2)
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.
SCLr clock frequency | fscL 27V<Vob<36V 1000 300 300 kHz
Note 1 Note 5 Note 5

23VsVbs27V
Co =50 pF, Ro = 2.7 kQ

27V<sVopb<36V 400 300 300 kHz
Note 1 Note 5 Note 5

23V<sVb=s27V

Cb =100 pF, Ro = 2.7 kQ

24V<Vop<33V 300 300 300 kHz
Note 1 Note 1 Note 1

16VsVbs20V

Cb =100 pF, R = 5.5 kQ

1.8V=<Vop <33V - 300 300 kHz

Note 1 Note 1

1.6V <Vp<20 VN2
Cb = 100 pF, Ro = 5.5 kQ

Hold time when SCLr = | tLow 27V<Vob<36V 475 1550 1550 ns
L 23VSVbs27V

Cb =50 pF, Ro = 2.7 kQ
27V<Vop<3.6V 1150 1550 1550 ns
23VsWb<27V

Cb =100 pF, Ro = 2.7 kQ
24V <Vop<33V 1150 1550 1550 ns
1.6V<Vo<20V

Cb =100 pF, Ro = 5.5 kQ
1.8V <Vop <33V - 1550 1550 ns
1.6 V<Vb<2.0VNte?
Cb =100 pF, Ro = 5.5 kQ

Hold time when SCLr = | tricH 27V<Vob<3.6V 200 610 610 ns
“H’ 23VEVb<27V

Cb =50 pF, Ro = 2.7 kQ
27V<Von<36V 600 610 610 ns
23V<W<27V

Cb = 100 pF, Ro = 2.7 kQ
24V <Vop <33V 610 610 610 ns
1.6V<Vb<20V

Cb =100 pF, Ro = 5.5 kQ
1.8V<Vop<3.3V - 610 610 ns
1.6 V<Vp<2.0VNte?
Cb =100 pF, Ro = 5.5 kQ

(Note, Caution and Remarks are listed on the next page.)
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RL78/G1D 2. ELECTRICAL SPECIFICATIONS

Simplified I°C mode connection diagram (during communication at different potential)

SDAr . SDA

RL78

. User device
microcontroller

SCLr SCL

Simplified I°C mode serial transfer timing (during communication at different potential)

1/scL

trow tHiGH

SCLr \ f/

/_
SDAr

tHD:DAT tsu:paT

Remarks 1. Rb[Q]:Communication line (SDAr, SCLr) pull-up resistance, Co[F]: Communication line (SDAr, SCLr) load
capacitance, Vb[V]: Communication line voltage
2. r: lIC number (r =00, 10), g: PIM, 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/G1D 2. ELECTRICAL SPECIFICATIONS

2.7.2 Serial interface IICA

(1) I’C standard mode

(Ta=—-40 to +85°C, 1.6 V < Vbp = Vbp_rRF = AVbp_RrF < 3.6 V, Vss = Vss_ rRF = AVss_rr = 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.

SCLAO clock frequency | fsct Standard 27V<Vop<36V 0 100 0 100 0 100 | kHz

:id::1 MHz 24V <sVop<36V 0 100 0 100 0 100 kHz

1.8V=<Vop<36V - 0 100 0 100 kHz

16V=<Vop<36V - - 0 100 kHz

Setup time of restart tsu:stA 27V<Vop<36V 4.7 4.7 4.7 us

condition 24V <Voo<36V 4.7 4.7 4.7 us

1.8V=Vop=s3.6V - 4.7 4.7 us

1.6V=<Vop<3.6V - - 4.7 us

Hold time™°te " tip:sta | 27V <Vop <36V 4.0 4.0 4.0 us

24V <Vop<36V 4.0 4.0 4.0 us

1.8V=<Vop<36V - 4.0 4.0 us

16V=Vop<3.6V - - 4.0 us

Hold time when SCLAO = | tiow 27V<Vop<36V 4.7 4.7 4.7 us

v 24V<Vop<36V 47 4.7 4.7 us

1.8V=<Vop<36V — 4.7 4.7 us

1.6V=<Vop<36V - - 4.7 us

Hold time when SCLAO = | ticH 27V<Vop<36V 4.0 4.0 4.0 us

H 24V <Voo<36V 4.0 4.0 4.0 us

1.8V=Vop<3.6V - 4.0 4.0 us

16V=<Vop<3.6V - - 4.0 us

Data setup time tsu:AT 27V<Vop<36V 250 250 250 ns

(reception) 24V<Von<36V 250 250 250 ns

1.8V=<Vop<36V - 250 250 ns

16V=Vop<3.6V - - 250 ns

Data hold time tHD:DAT 27V<Vop<36V 0 3.45 0 3.45 0 3.45 us

(transmission)"***2 24V <Von<36V 0 | 345 | 0 | 345 | 0 | 345 | us

1.8V=<Vop<36V — 0 3.45 0 3.45 us

1.6V=<Vop<36V - - 0 3.45 us

Setup time of stop tsu:sTo 27V<sVop<36V 4.0 4.0 4.0 us

condition 24V <Voo<36V 4.0 4.0 4.0 us

1.8V=Vop<3.6V - 4.0 4.0 us

1.6V=<Vop<3.6V - - 4.0 us

Bus-free time tsur 27V<Vop<36V 4.7 4.7 4.7 us

24V <Vop<36V 4.7 4.7 4.7 us

1.8V=<Vop<36V - 4.7 4.7 us

16V=Vop<3.6V - - 4.7 us

(Notes, Caution and Remark are listed on the next page.)
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RL78/G1D 2. ELECTRICAL SPECIFICATIONS

(2) I°C fast mode

(Ta=—-40 to +85°C, 1.8 V < Vop = Vop_rF = AVop_rF £ 3.6 V, Vss = Vss_rRF = AVss_rr = 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.
SCLAO clock frequency | fscL Fast mode: 27V<Vop<36V 0 400 0 400 0 400 | kHz
fox235MHZ |5 4v<Vons36V 0 400 0 400 0 400 | kHz
1.8V<Von<3.6V - 0 400 0 400 | kHz
Setup time of restart tsusta | 27V<Vop<36V 0.6 0.6 0.6 us
condition 24V<Vop <36V 0.6 0.6 0.6 us
18V<Vop<36V - 0.6 0.6 us
Hold timeN°t®" tipstA | 27V <Vop<36V 0.6 0.6 0.6 us
24V<Vop<36V 0.6 0.6 0.6 us
18V<Vop<36V - 0.6 0.6 us
Hold time when SCLAO = | tow 27V<Von<36V 1.3 1.3 1.3 us
L 24V<Voo<36V 1.3 1.3 1.3 us
18V<Vop<36V - 1.3 1.3 us
Hold time when SCLAO = | thicH 27V<Von<36V 0.6 0.6 0.6 us
H 24V<Voo<36V 06 06 0.6 us
1.8V<Vop<3.6V - 0.6 0.6 us
Data setup time tsupar | 27V<Vop<3.6V 100 100 100 us
(reception) 24V<Vop <36V 100 100 100 us
18V<Vop<36V - 100 100 us
Data hold time tiopar | 27 V< Voo <36V 0 0.9 0 0.9 0 0.9 us
(transmission)"***? 24V<Von<36V 0 0.9 0 0.9 0 09 | ps
18V<Vop<36V - 0 0.9 0 0.9 us
Setup time of stop tsu:sto 27V<Vop<3.6V 0.6 0.6 0.6 us
condition 24V<Vop<36V 0.6 0.6 0.6 us
18V<Vop<36V - 0.6 0.6 us
Bus-free time tsur 27V<Vop<36V 1.3 1.3 1.3 us
24V<Vop<36V 13 13 13 us
1.8V<Vop<3.6V - 1.3 1.3 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.

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 (lon1, loL1, Von1, VoL1) must satisfy the values in
the redirect destination.

Remark The maximum value of Cb (communication line capacitance) and the value of Rb (communication line pull-up
resistor) at that time in each mode are as follows.
Fast mode: Cb = 320 pF, Ro = 1.1 kQ
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(3) I°C fast mode plus

(TAa = -40 to +85°C, 2.7 V < Vob = Vob_rr = AVbD _RF < 3.6 V, Vss = Vss rRF = AVss rr = 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.
SCLAO clock frequency | fscL Fast mode plus: | 2.7V <Vop<3.6V 0 1000 - - kHz
foik 2 10 MHz

Setup time of restart tsusta | 27V<Vop<36V 0.26 - - us
condition
Hold time™°te " tip:sta |27V <V <36V 0.26 - - us
Hold time when SCLAO = | tiow 27V<Vop<36V 0.5 - - us
“r
Hold time when SCLAO = | ticH 27V<Vop<3.6V 0.26 - - us
“r
Data setup time tsupar | 27V<Vop<3.6V 50 - - us
(reception)
Data hold time tHD:DAT 27V<Vop<36V 0 0.45 — - us
(transmission)“°t2
Setup time of stop tsu:sto 27V<Vop<3.6V 0.26 - - us
condition
Bus-free time tsur 27V<Vop<36V 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 tHp:paT 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 1/O redirection
register (PIOR) is 1. At this time, the pin characteristics (lon1, loL1, VoH1, VoL1) must satisfy the values in
the redirect destination.

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

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

IICA serial transfer timing

tow &
scLan 5 X( /
b E |
v i tien tsu:sTa
E E : tHD:sTA tsu:paT f—
oSN/ ! AN RN
Stop  Start Restart Stop
condition condition condition condition
Remark n=0
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2.8.2 Temperature sensor and internal reference voltage characteristics

(TaA=—-40 to +85°C, 2.4 V < Vop = Vop_rRF = AVop_RrF £ 3.6 V, Vss = Vss_rr = AVss_rF = 0 V, HS (high-speed main) mode)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Temperature sensor output voltage | Vives2s | 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 Fvrves | Temperature sensor output voltage that -3.6 mV/°C

depends on the temperature
Operation stabilization wait time tamp 5 us

2.8.3 POR circuit characteristics

(Ta =-40 to +85°C, Vss = Vss_rRF = AVss_rr = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection voltage VPoR Rise time 1.47 1.51 1.55 \%
Veor Fall time 1.46 1.50 1.54 \Y
Minimum pulse width°* Tew Other than STOP/SUB_RUN/SUB_HALT 300 us

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

Tew

Supply voltage (Vob)

Veor or 0.7 V

R0O1DS0258EJ0120 Rev.1.20 Page 62 of 74
Dec 16, 2016
ec o, RENESANAS



RL78/G1D 2. ELECTRICAL SPECIFICATIONS

29.2 RF reception characteristics
Unless specified otherwise, the measurement is performed by our evaluation board.

(Ta = +25°C, Vobp = Vob_rF = AVbp_rF = 3.0 V, f = 2440 MHz, Vss = Vss_rr = AVss_rr = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
RF input frequency RFRrxFRIN 2402 2480 MHz
Maximum input level RFLev. PER =< 30.8% RF low power mode -10 0 - dBm
RF input pin RF normal mode -10 1 - dBm
RF high performance mode -10 1 - dBm
Receiver sensitivity RFsty PER < 30.8% RF low power mode - -60 -50 dBm
RF normal mode - -90 -70 dBm
RF high performance mode - -92 -70 dBm
Secondary radiation RFrxsp 30 MHz to 1 GHz - -72 -57 dBm/
100 kHz
1 GHz to 12 GHz - -57 -54 dBm/
100 kHz
Common channel RFccr PER <30.8%, Prf =-67dBm -21 -12 - dB
rejection ratio
Adjacent channel RFAbcr PER <30.8% +1 MHz -15 -5 - dB
rejection ratio Prf =—-67 dBm +2 MHz 17 29 _ dB
+3 MHz 27 34 - dB
Blocking RFeLk PER <30.8% 30 MHz - 2000 MHz -30 -13 - dB
Pr=—67dBm | 2000 MHz to 2399 MHz -35 -30 - dBm
2484 MHz to 3000 MHz -35 -30 - dBm
> 3000 MHz -30 -17 - dBm
Frequency tolerance RFrxrerr | PER <30.8% -250 +250 kHz
RSSI accuracy RFrssis Ta=+25°C, =70 dBm < Prf < —10 dBm -4 0 4 dB
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:u; Typical Characteristics of Voltage for RL78/G1D
ererence RF Reception at Peak Current
10
Ta = +25°C
]
8
7
T 6
.E. 5 —
n X
a 4 ——
3
2
1
0
15 18 2 22 24 26 23 3 32 34 35
Voltage [V]

3.8

(3) RF Output Power during Transmission
Unless specified otherwise, the measurement is performed by our evaluation board.
Current consumption is not including MCU unit.

For
Reference

Typical Temperature Characteristics of the
Output Power during RF Transmission

——RL78/G1D

3

VDD_RF = 3.0V, f=2402 MHz
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2.13 Timing of Entry to Flash Memory Programming Modes

(Ta=-40 to +85°C, 1.8 V < Vbp = Vbp_rRF = AVbD_RF < 3.6 V, Vss = Vss_rRF = AVss_rrF = 0 V)

Parameter Symbol Conditions MIN. MAX. Unit
Time to complete the communication for the initial | tsunir POR and LVD reset must be released 100 ms
setting after the external reset is released before the external reset is released.
Time to release the external reset after the TOOLO | tsu POR and LVD reset must be released 10 us
pin is set to the low level before the external reset is released.
Time to hold the TOOLO pin at the low level after | tip POR and LVD reset must be released 1 ms

the external reset is released before the external reset is released.
(excluding the processing time of the firmware to
control the flash memory)

\
A

RESET /

1 723 ms + trp
1 processing
! time .
~——— 1-byte data for setting mode

] YA
[ R —— N

TOOLO

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 complete 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
tHD: Time to hold the TOOLDO 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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