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Welcome to E-XFL.COM

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.

Applications of "Embedded -
Microcontrollers"

Obsolete

RL78

16-Bit

32MHz

CSl, I2C, LINbus, UART/USART
DMA, LVD, POR, PWM, WDT
28

48KB (48K x 8)

FLASH

4K x 8

3Kx 8

1.6V ~ 5.5V

A/D 9x8/10b

Internal

-40°C ~ 85°C (TA)

Surface Mount

40-WFQFN Exposed Pad
40-HWQFN (6x6)

https://www.e-xfl.com/product-detail/renesas-electronics-america/r5f100eddna-u0
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RL78/G13 1. OUTLINE

Table 1-1. List of Ordering Part Numbers

(2/12)

Pin Package Data Fields of Ordering Part Number
count flash Application

Note

25 pins | 25-pin plastic Mounted | A R5F 1008AALA#UO, R5F1008CALA#UO, R5F1008DALA#UO,
WFLGA (3 x 3 mm, R5F1008EALA#UO

R5F 1008AALA#WO, R5F1008CALA#WO0, R5F1008DALA#WO,
R5F 1008EALA#WO

G R5F 1008AGLA#UO, R5F1008CGLA#UO, R5F1008DGLA#UO,
R5F1008EGLA#UO

R5F 1008AGLA#WO, R5F 1008 CGLA#WO0, R5F1008DGLA#WO,
R5F 1008EGLA#WO

Not A R5F1018AALA#UO, R5F1018CALA#UO, R5F1018DALA#UO,
R5F1018EALA#UO

R5F1018AALA#WO, R5F1018CALA#WO0, R5F1018DALA#WO,
R5F1018EALA#W0

30 pins | 30-pin plastic LSSOP | Mounted | A R5F100AAASP#V0, R5F100ACASP#V0, R5F100ADASP#V0,
(7.62 mm (300), 0.65 R5F100AEASP#V0, R5F100AFASP#V0, R5F100AGASP#V0
R5F 100AAASP#X0, R5F100ACASP#X0, R5F100ADASP#X0
R5F 100AEASP#X0, R5F100AFASP#X0, R5F100AGASP#X0

D R5F100AADSP#V0, R5F100ACDSP#V0, R5F100ADDSP#VO0,
R5F100AEDSP#V0, R5F100AFDSP#V0, R5F100AGDSP#V0
R5F 100AADSP#X0, R5F100ACDSP#X0, R5F100ADDSP#XO0,
R5F 100AEDSP#X0, R5F100AFDSP#X0, R5F100AGDSP#X0
G R5F100AAGSP#V0, R5F100ACGSP#VO0,

R5F 100ADGSP#V0,R5F100AEGSP#VO0,

R5F 100AFGSP#V0, R5F100AGGSP#V0

R5F 100AAGSP#X0, R5F100ACGSP#XO0,

R5F 100ADGSP#X0,R5F100AEGSP#XO0,

R5F 100AFGSP#X0, R5F100AGGSP#X0

Not A R5F101AAASP#V0, R5F101ACASP#V0, R5F101ADASP#VO0,
R5F101AEASP#V0, R5F101AFASP#V0, R5F101AGASP#V0
R5F101AAASP#X0, R5F101ACASP#X0, R5F101ADASP#XO0,
R5F101AEASP#X0, R5F101AFASP#X0, R5F101AGASP#X0

D R5F101AADSP#V0, R5F101ACDSP#V0, R5F101ADDSP#VO0,
R5F101AEDSP#V0, R5F101AFDSP#V0, R5F101AGDSP#V0
R5F101AADSP#X0, R5F101ACDSP#X0, R5F101ADDSP#X0,
R5F101AEDSP#X0, R5F101AFDSP#X0, R5F101AGDSP#X0
32 pins | 32-pin plastic Mounted | A R5F 100BAANA#UO, R5F100BCANA#UO, R5F100BDANA#UO,
HWQFN (5 x 5 mm, R5F100BEANA#UO, R5F100BFANA#UO, R5F100BGANA#UO
R5F 100BAANA#WO0, R5F100BCANA#WO0, R5F100BDANA#WO,
R5F 100BEANA#WO0, R5F100BFANA#WO0, RSF100BGANA#WO0
D R5F 100BADNA#UO, R5F100BCDNA#UO, R5F100BDDNA#UO,
R5F 100BEDNA#UO, R5F100BFDNA#UO, R5F100BGDNA#UO
R5F 100BADNA#WO, R5F 100BCDNA#W0, R5F100BDDNA#WO,
R5F100BEDNA#WO0, R5F100BFDNA#WO0, R5F100BGDNA#WO0
G R5F100BAGNA#UO, R5F100BCGNA#UO, R5F100BDGNA#UO,
R5F 100BEGNA#UO, R5F100BFGNA#UO, R5F100BGGNA#UO
R5F100BAGNA#WO0, R5F100BCGNA#WO0, R5F 100BDGNA#WO,
R5F 100BEGNA#W0, R5F100BFGNA#WO0, R5F100BGGNA#W0
Not A R5F101BAANA#UO, R5F101BCANA#UO, R5F101BDANA#UO,
R5F101BEANA#UO, R5F101BFANA#UO, R5SF101BGANA#UO
R5F101BAANA#WO0, R5F101BCANA#WO0, R5F101BDANA#WO,
R5F101BEANA#WO0, R5F101BFANA#WO0, R5F101BGANA#WO0
D R5F101BADNA#UO, R5F101BCDNA#UO, R5F101BDDNA#UO,
R5F101BEDNA#UO, R5F101BFDNA#UO, R5F101BGDNA#UO
R5F101BADNA#WO, R5F101BCDNA#WO0, R5F101BDDNA#WO,
R5F101BEDNA#WO0, R5F101BFDNA#WO0, R5F101BGDNA#WO0

0.5 mm pitch)

mounted

mm pitch)

mounted

0.5 mm pitch)

mounted

Note For the fields of application, refer to Figure 1-1 Part Number, Memory Size, and Package of RL78/G13.

Caution The ordering part numbers represent the numbers at the time of publication. For the latest ordering

part numbers, refer to the target product page of the Renesas Electronics website.
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RL78/G13 1. OUTLINE

1.3.2 24-pin products

e 24-pin plastic HWQFN (4 x 4 mm, 0.5 mm pitch)

~—O P11/SI00/RxD0/TOOLRxD/SDA0CO
=~ [0 P12/SO00/TxDO/TOOLTXD

~——>0O P10/SCKO00/SCL00
<—0O P16/TI01/TO01/INTP5

~—( P22/ANI2
——»( P147/ANI18

exposed die pad

—_
[oe]
—_
~
—_
]
—_
[¢)]
—_

—_ A AW

N0 ©Oo =N

~—(0 P17/T102/TO02/SO11

~—0O P50/INTP1/SI11/SDA11
~—O P30/INTP3/SCK11/SCL11
~——O P31/TI03/TO03/INTP4/PCLBUZ0
-—0O P61/SDAAO

~——0O P60/SCLAO

P21/ANI1/AVrerm O=—{19
P20/ANIO/AVrerr O=—{20 !
P01/ANI16/TO00/RxD1 O 21 : RL78/G13
1
1

POO/ANI17/TI00/TxD1 O (Top View) |
P40/TOOLO O=~—=[23 L !
RESET O—»{24@

123456
INDEXMARKJiLiiii
oOX QO 9 2
E359%>
e
o q
o
o

Caution Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF).

Remarks 1. For pin identification, see 1.4 Pin Identification.
2. Itis recommended to connect an exposed die pad to Vss.

R01DS0131EJ0330 Rev.3.30 .zENESAS Page 17 of 196
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RL78/G13 1. OUTLINE
1.3.3 25-pin products
e 25-pin plastic WFLGA (3 x 3 mm, 0.50 mm pitch)
Top View Bottom View
<R>
Toood| s [Boood
SSRGS 5 © OO
Y Ty Y Ty Ty 4 O O O O O
~/ 7/ 7 ~ ~/
_RL78/GY3 "
u(',\',\.u)a,‘ 3 O ONONONG)
- (lop vView) _
gl O 0 2 ONONONONG)
. o
P GGG 1 @ O OO @‘\
\ _‘l’ ‘L’/
A B\NC D E E D C B A
INDEX MARK INDEX MARK
A B C D E
P40/TOOLO RESET PO1/ANI16/ P22/ANI2 P147/ANI18
TO00/RxD1 5
P122/X2/ P137/INTPO POO/ANI17/ P21/ANI1/ P10/SCKO00/
EXCLK TI00/TxD1 AVRrerm SCLO00 4
P121/X1 Vob P20/ANIO/ P12/S000/ P11/S100/
AVRerp TxDO/ RxDO0/ 3
TOOLTxD TOOLRXD/
SDAO0O
REGC Vss P30/INTP3/ P17/T102/ P50/INTP1/
SCK11/SCL11 TO02/SO11 SI111/SDA11 2
P60/SCLAO P61/SDAAO P31/TI03/ P16/TI01/ P130
TOO03/INTP4/ TOO01/INTP5 1
PCLBUZO
A B C D E

Caution Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF).

Remark For pin identification, see 1.4 Pin Identification.

R01DS0131EJ0330 Rev.3.30
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RL78/G13

1. OUTLINE

100-pin plastic LQFP (14 x 20 mm, 0.65 mm pitch)

1/AVrerm

2
3

0/AVrerp
4

6

0
1
2
3
4

Sf=———=0 P03/ANI16/SI10/RxD1/SDA10

3l——0 Po4/sCK10/SCL10
@l~—~0 P102/TI06/TO06

S——0OP130

Jp—=O P143/SI30/RxD3/SDA30
S[+—=O P144/S030/TxD3

Sf+——=O P145/T107/TO07

Ff—=0 P00/TI00

@f[+—=O P140/PCLBUZ0/INTP6
IO P141/PCLBUZ1/INTP7
a—0 P142/SCK30/SCL30

Nf=—=0 P02/ANI17/SO10/TxD1

Ql+——=0 P20/AN
@f«——0 P21/AN
Q=—0 P22/AN
@|+——0 P23/AN

Sf~——0Pot1/T000

P120/ANI19 O
P47/INTP2 O
P46/INTP1/T105/TO05 O=~—>
P45/S001 O=—
P44/S101/SDA01 O
P43/SCK01/SCLO1 O
P42/TI104/TO04 O
P41 O

P40/TOOLO O=—
RESET O—=
P124/XT2/EXCLKS O—+
P123/XT1 O——
P137/INTPO O—=
P122/X2/EXCLK O—
P121/X1 O——~

REGC O—

Vss O——

EVsso O—

Voo O——

EVooo O——

RL78/G13
(Top View)

ro
oo
IS
o
o

Q[+~——=0O P24/AN
Sf+—O P27/AN
@f~—=0O P150/AN
Sf+~—0P151/AN

Gf+——0O P152/AN

g« P153/AN
Gl~—=OP154/AN
Ll+~—OP155/AN
Bf«——=0OP156/AN

Bf«~——0P100/AN
Ale——~0P147/AN

ENENEC
© © O

47

0 P146/(INTP4)
O P111/(INTP11)

[«~—=O P110/(INTP10)

|~ P101

~——~0O P10/SCK00/SCLO0/(TI07)/(TO07)

«——=0O P11/SI100/RXxDO/TOOLRXD/SDAC0/(TI0B)/(TO06)
«~——=0O P12/S000/TxDO/TOOLTXD/(INTP5)/(TI05)/(TOO5)
[«~——~0O P13/TxD2/S020/(SDAAO)/(TI04)/(TO04)

O P14/RxD2/SI20/SDA20/(SCLAO)/(TI03)/(TO03)
O P15/SCK20/SCL20/(TI02)/(TO02)

O P16/TI01/TO01/INTP5/(SI00)/(RXDO0)

O P17/TI02/TO02/(SO00)/(TXDO)

l~—0 P57/(INTP3)

O P56/(INTP1)

O P55/(PCLBUZ1)/(SCK00)

l«—=0O P54/SCK31/SCL31

l~—=0O P53/SI31/SDA31

[~—=0 P52/S031

[0 P51/5011

[=—=0 P50/SI11/SDA11

P73/KR3 O
P72/KR2/S021 O
P71/KR1/SI21/SDA21 O

P63/SDAA1 O
P70/KR0/SCK21/SCL21 O

P60/SCLAO O

P61/SDAAO O

P62/SCLA1 O

P31/T103/TO03/INTP4/(PCLBUZ0) O
P64/TIH0/TO10 O=~—>
P65/TI11/TO11 O=—N

P66/TI12/TO12 O

P67/TI13/TO13 O

P75/KR5/INTP9 O

P74/KR4/INTP8 O

P77/KR7/INTP11/(TXD2) O
P76/KR6/INTP10/(RXD2) O

Cautions 1.
2.
3.

Remarks 1.
2.

For pin identification, see 1.4 Pin Identification.
When using the microcontroller for an application where the noise generated inside the

Make EVsso, EVss1 pins the same potential as Vss pin.
Make Voo pin the potential that is higher than EVboo, EVop1 pins (EVbbo = EVbb1).
Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF).

P30/INTP3/RTC1HZ/SCK11/SCL1

microcontroller must be reduced, it is recommended to supply separate powers to the Vop, EVbpo
and EVop1 pins and connect the Vss, EVssoand EVss1 pins to separate ground lines.

. Functions in parentheses in the above figure can be assigned via settings in the peripheral /O

redirection register (PIOR). Refer to Figure 4-8 Format of Peripheral /O Redirection Register

(PIOR) in the RL78/G13 User’'s Manual.
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RL78/G13

1. OUTLINE

1.5.10 52-pin products

TIMER ARRAY
UNIT (8ch)
TI00/P00 — 1~
TO00/PO1 ~— cho
TIO1/TO01/P16 <= ch
TI02/TO02/P17 o
(TI02/TO02/P15)
TI03/TO03/P31 "
(TI03/TO03/P14)
(TI04/TO04/P13) ~— chd
(TI05/TO05/P12) =—}=! chs
(TI06/TO06/P11) ~—}=! ché
TI07/TO07/P41
(TI07/TO07/P10) =~ o
RxD2/P14 — =
(RxD2/P76)
WINDOW
WATCHDOG
TIMER
Lo SPEED 12-BIT INTERVAL
OSCILLATOR TIMER
REAL-TIME
RTC1HZ/P30 CLOCK
SERIAL ARRAY
UNITO (4ch)
RxDO/P11(RxDO/P16) — _
TXDO/P12(TXDO/P17) ~—] UARTO
RxD1/P03 —{~]
TXD1/P02 ~—]| UART
SCKOO0/P10
SI100/P11 Csl00
S000/P12
SCKO1/P75
SI01/P74 cslot
S001/P73
SCK11/P30
SI111/P50 Csli1
SO11/P51 ~—

SCLO0/P10 ~—
SDA0O/P11 ~—
SCLO1/P75 -—
SDA01/P74 -
SCL11/P30 =—
SDA11/P50 «—

1IC00

1ico1

lic11

SERIAL ARRAY
UNIT1 (2ch)
RxD2/P14(RxD2/P76)
UART2
TxD2/P13(TxD2/P77)
SCK20/P15
SI20/P14 Csi20
S020/P13
SCK21/P70
SI21/P71 C8si21
S021/P72
SCL20/P15 ~—— 1020
SDA20/P14 ~—

SCL21/P70 =—
SDA21/P71 «—]

lic21

— CODE FLASH MEMORY
RL78 | —
CPU
CorRe [K—]
DATA FLASH MEMORY
—

<:> P00 to P03
<:> P10 to P17
<:> P20 to P27
<:> P30, P31
<:> P40, P41
<:> P50, P51
<:> P60 to P63
<:> P70 to P77

o o]

=

~—P120

K21 P121to P124

P130
P137

P140,
()| PoRT14 (= P146, P147

=)

A/D CONVERTER

“ ANIO/P20 to

ANI7/P27
ANI16/P03, ANI17/P02,
ANI18/P147, ANI19/P120

AVrerp/P20
AVrern/P21

Voo

I

TOOLRxD/P11,
TOOLTxD/P12

Vss

SERIAL
INTERFACE IICAO

[~— SDAA0/P61(SDAA0/P13)

[*— SCLAO0/P60(SCLA0/P14)

BUZZER OUTPUT

CLOCK OUTPUT

PCLBUZ0/P140
(PCLBUZ0/P31),
PCLBUZ1/P15

CONTROL

MULTIPLIER&
DIVIDER,
MULITIPLY-
ACCUMULATOR

DIRECT MEMORY
ACCESS CONTROL

-

BCD
ADJUSTMENT

(Z>| KEYRETURN isgjg;gto

POWER ON RESET/
VOLTAGE
DETECTOR

POR/LVD
CONTROL

RESET CONTROL

I“

{_>| ON-CHIP DEBUG |-~——=TOOLO/P40

SYSTEM
CONTROL

HIGH-SPEED
ON-CHIP
OSCILLATOR

RESET

X1/P121
X2/EXCLK/P122
XT1/P123
[~—=XT2/EXCLKS/P124

VOLTAGE
REGULATOR

REGC

<=

INTERRUPT
CONTROL

RxD2/P14 (RxD2/P76)
INTPO/P137

INTP1/P50,
INTP2/P51

INTP3/P30,
INTP4/P31

~—— INTP5/P16

INTP6/P140

INTP8/P74 to
INTP11/P77

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

redirection register (PIOR).

(PIOR) in the RL78/G13 User’'s Manual.

Refer to Figure 4-8 Format of Peripheral I/O Redirection Register

R01DS0131EJ0330 Rev.3.30
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RL78/G13 1. OUTLINE

1.5.12 80-pin products

TIMER ARRAY — TIMER ARRAY -
UNITO (8ch) UNIT1 (4ch)
TIOO/POO ——= - PORT 0 K7 > P00 to P06
TOO00/PO1 - ch0 I TIoTO10/PE4
TIO1/TO01/P16 ~—1f= cht cht = TI11/TO11/P65 <:> P10 to P17
TI02/TO02/P17 || che ch2 ~t—= TI12/TO12/P66
(TI02/T002/P15) <> PorT2  KBD>P20toP27
TIO3/TO03/P31 ch3 <= TI3/TO13/P67
(TI03/TO03/P14) - (| Ports (2> P30, P31
TIO4TO04/P42 | | o -
TI04/TO04/P13
( ) (|  PorTa (6> P40 to P45
TIOSTO05/PO5 | | "
(TI05/TO05/P12)
TIOB/TO06/P06 . - PORT 5 K 6> P50 to P55
(TIOBITO06/P11) ché
TI07/TO07/P41
(TI07/TO07/P10) =1~ - < PORT 6 K 8 > P60 to P67
RxD2/P14 —=
o _porrr K
PORT 7 P70 to P77
SERIAL ARRAY
UNITO (4ch) KT8] ANIO/P20 to ANI7/P27
RxDO/P11(RxD0/P16) —— ANI8/P150 to ANI11/P153
TxDO/P12(TxDO/P17) ~—j UARTO ANI16/P03, ANI17/P02,
D 1/P03 ANI18/P147, ANI19/P120,
X ] ANI20/P100
ART A/D CONVERTER
ety I R DR
SCKO0O/P10(SCKOO/P55) =] - - P100
SI00/P11(SI00/P16) —= csloo
S000/P12(S000/P17) =~ AVrerp/P20
SCKO1/P43 ~—] AVrer/P21 (M porT11 KZZ P10, P11
SI01/P44 —= cslot
PORT 12
SCK10/P04 =—t=] a2 ] P121to P124
SI10/P03 csio k—
CODE FLASH MEMORY
S010/P02~—1 Fé'gj — (| PorTis [ Egg
SCK11/P30 ~—~] core K—
DATA FLASH MEMORY
SI11/P50 Csit — (| porT 1 (7 P140 10 P14d,
SO11/P51 @ P146, P147
icoo PORT 15 o
somoori L' ] 75
pentrivvomm i I
KRO/P70 to
(> KEYRETURN K78
oo e
SCL11/P30~— POWER ON RESET/
SDA11/P50 ~— em VOLTAGE &?ﬁ#ﬁ
1 DETECTOR
SERIAL ARRAY Voo, Vss, TOOLRxD/P11, ‘
UNIT1 (4ch) EVooo EVsso TOOLTxD/P12 AESET CONTROL
UART2 SERIAL SDAAO0/P61(SDAAO/P13)
RxD2/P14(RxD2/P76) —— | Ko INTERFACE 1ICAQ
SCLAO/P60(SCLAO/P14)
TXD2IP13(TXD2/PT7) =—| SoAA1IPES (| on-cHIP DEBUG TOOLOP40
RxD3/P143 —{+] K| SERIAL
TXD3/P144 UART3 INTERFACE IICA1 SCLA1/P62
<:> SYSTEM |~ RESET
SCK20/P15 ~—{~] CONTROL XUP121
S120/P14 cs120 BUZZER OUTPUT PCLBUZ0/P140
S020/P13 <:> _________ |I>(pc|_|3uzo/p31), HIGH-SPEED [~—= X2/EXCLK/P122
SCK21/P70 —+] CLOCK OUTPUT (PP%LBBUUZ;{/PFJ;‘;) OS%TI;E:"IE,OR [ XT1/P123
SI21/P71 csi21 CONTROL XT2/EXCLKS/P124
S021/P72 MULTIPLIER& CRG VOLTAGE
1 DIVIDER,
SCK30/P142 K> MULITIPLY- REGULATOR e
SI30/P143 CsI30
SO30/P144=""171 S RxD2/P14 (RxD2/P76)
SCK31/P54 =] | +~| DIRECT MEMORY INTPO/P137
S131/P53 csi3t N—] ACCESS CONTROL INTP1/P50,
S031/P52 INTP2/P51
SCL20/P15~— (= BCD INTP3/P30,
SDA20/P14 —— ADJUSTMENT INTP4/P31
WINDOW INTERRUPT  |=—— INTP5/P16(INTP5/P12)
SCL21/P70~— o1 watcroos K| K| "ControL
SDA21/P71 ~—| TIMER INTP6/P140,
INTP7/P141
SCL30/P142 ~— _ LOW-SPEED INTP8/P74
11C30 - :
SDA30/P143 ——- ONLf:#P I 12 B'TTI'QEERVAL <> INTP9/P75
SCL31/P54 =— OSChATO INTP10/P76(INTP10/P110),
SDA31/P53 ~— \—, REAL-TIME INTP11/P77(INTP11/P111)
— RTC1HZ/P30 ~— CLOCK <L

Remark Functions in parentheses in the above figure can be assigned via settings in the peripheral /O
redirection register (PIOR). Refer to Figure 4-8 Format of Peripheral I/O Redirection Register
(PIOR) in the RL78/G13 User’'s Manual.
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RL78/G13 2. ELECTRICAL SPECIFICATIONS (Ta = -40 to +85°C)

Notes 1. Total current flowing into Vop, EVbpo, and EVbb1, including the input leakage current flowing when the
level of the input pin is fixed to Vop, EVbpo, and EVbb1, or Vss, EVsso, and EVssi. The values below the
MAX. column include the peripheral operation current. However, not including the current flowing into the
A/D converter, LVD circuit, 1/0 port, and on-chip pull-up/pull-down resistors and the current flowing during
data flash rewrite.

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

3. 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 AMPHS1 =1
(Ultra-low power consumption oscillation). However, not including the current flowing into the 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: 2.7 V < Vbp < 5.5 V@1 MHz to 32 MHz
24V <Vop<55V@1 MHz to 16 MHz

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

LV (low-voltage main) mode: 1.6 V <Vpp <5.5V@1 MHz to 4 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. fsu: 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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2. ELECTRICAL SPECIFICATIONS (Ta = -40 to +85°C)

Notes 1.

oA e

Total current flowing into Vop, EVbpo, and EVop1, including the input leakage current flowing when the
level of the input pin is fixed to Vop, EVbpo, and EVbb1, or Vss, EVsso, and EVssi. The values below the
MAX. column include the peripheral operation current . However, not including the current flowing into
the A/D converter, LVD circuit, I/O 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.

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 RTC is included.
However, not including the current flowing into the 12-bit interval timer and watchdog timer.

6. Not including the current flowing into the RTC, 12-bit interval timer, and watchdog timer.

Remarks

Relationship between operation voltage width, operation frequency of CPU and operation mode is as
below.
HS (high-speed main) mode: 2.7 V <Vop < 5.5 V@1 MHz to 32 MHz
24V <Vop<55V@1 MHz to 16 MHz
LS (low-speed main) mode: 1.8V <Vbob<5.5V@1 MHz to 8 MHz
LV (low-voltage main) mode: 1.6V <Vpp <5.5V@1 MHz to 4 MHz

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

mode.

1. fux: High-speed system clock frequency (X1 clock oscillation frequency or external main system
clock frequency)
2. fii:  High-speed on-chip oscillator clock frequency
3. fsue: 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
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Tey vs Vob (LS (low-speed main) mode)
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RL78/G13 2. ELECTRICAL SPECIFICATIONS (Ta = -40 to +85°C)

2.5 Peripheral Functions Characteristics

AC Timing Test Points

Vit/Von Vit/Von
Test points
>< Viv/Vou > < Vi/Vou

2.5.1 Serial array unit

(1) During communication at same potential (UART mode)
(Ta =—-40 to +85°C, 1.6 V < EVppo = EVpp1 < Vbp < 5.5V, Vss = EVsso = EVss1 = 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™™’ 2.4 V<EVboo<5.5V fmck/6 fmck/6 fmck/6 | bps
Note 2
Theoretical value of the 5.3 1.3 0.6 Mbps
maximum transfer rate
fmek = fork*°°
1.8V <EVopo <55V fmck/6 fmek/6 fvck/6 bps
Note 2
Theoretical value of the 5.3 1.3 0.6 Mbps
maximum transfer rate
fmek = fork*°°
1.7V <EVooo <55V fvck/6 fmok/6 fmex/6 bps
Note 2 Note 2
Theoretical value of the 5.3 1.3 0.6 Mbps
maximum transfer rate
fmek = fouk*°®
1.6 V<EVopo<55V — fmek/6 fmck/6 bps
Note 2
Theoretical value of the — 1.3 0.6 Mbps

maximum transfer rate

Note 3

fmek = fork

Notes 1. Transfer rate in the SNOOZE mode is 4800 bps only.
2. The following conditions are required for low voltage interface when Evopo < Vop.
2.4V <EVbpo < 2.7 V : MAX. 2.6 Mbps
1.8V <EVboo < 2.4V : MAX. 1.3 Mbps
1.6 V<EVbpo < 1.8 V : MAX. 0.6 Mbps
3. The maximum operating frequencies of the CPU/peripheral hardware clock (fck) are:

HS (high-speed main) mode: 32 MHz (2.7 V <Vbop <5.5V)
16 MHz (2.4 V < Vop < 5.5 V)

LS (low-speed main) mode: 8 MHz (1.8 V<Vbpb<55YV)

LV (low-voltage main) mode: 4MHz (1.6 V<Vbp<55YV)

Caution Select the normal input buffer for the RxDq 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).
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RL78/G13 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 < EVbpo = EVbp1 < Vb < 5.5 V, Vss = EVsso = EVss1 = 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 tkey1 tkevt > 4ffck| 2.7 V< EVooo <55 | 125 500 1000 ns
\Y
24V <EVooo<55| 250 500 1000 ns
\Y
1.8V <EVooo<55| 500 500 1000 ns
Y
1.7V <EVooo<5.5| 1000 1000 1000 ns
Y
1.6 V<EVooo<5.5 — 1000 1000 ns
\Y
SCKp high-/low-level| tkH1, 40V<EVooo<55V tkev1/2 — tkev1/2 — tkev1/2 — ns
width it 12 50 50
2.7V <EVbo<5.5V tkev/2 — tkevi/2 — tkev/2 — ns
18 50 50
24V <EVopbo<55V tkey1/2 — tkev1/2 — tkey1/2 — ns
38 50 50
1.8V <EVooo<55V tkev1/2 — tkevi/2 — tkey/2 — ns
50 50 50
1.7V <EVopo <55V tkev/2 — tkevi/2 — tkev1/2 — ns
100 100 100
1.6 V<EVooo<55V — tkevi/2 — tkey1/2 — ns
100 100
Slp setup time tsik1 40V <EVopo<55V 44 110 110 ns
f“?‘SCKpT) 2.7V <EVoo <55V 44 110 110 ns
24V <EVooo<55V 75 110 110 ns
1.8V <EVopo<55V 110 110 110 ns
1.7V <EVooo <55V 220 220 220 ns
1.6 V<EVopo <55V — 220 220 ns
Slp hold time tKsi 1.7V <EVooo <55V 19 19 19 ns
Note 2
(from SCKpT) 1.6V <EVono <5.5V — 19 19 ns
Delay time from tkso1 1.7V <EVooo <55V 25 25 25 ns
SCKpJ to SOp C =30 pF"**
Note
output **** 16V <EVooo <55V — 25 25 | ns
C - 30 pFNcle4

Notes 1. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp setup time becomes “to
SCKpl” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.
2. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp hold time becomes “from
SCKp{” when DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.
3. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The delay time to SOp output
becomes “from SCKp?” 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.

Caution Select the normal input buffer for the Sip pin and the normal output mode for the SOp pin and
SCKp pin by using port input mode register g (PIMg) and port output mode register g (POMg).
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2. ELECTRICAL SPECIFICATIONS (Ta = -40 to +85°C)

(6) Communication at different potential (1.8 V, 2.5 V, 3 V) (UART mode) (1/2)
(Ta =—-40 to +85°C, 1.8 V < EVbpo = EVbp1 < Vb < 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter | Symbol Conditions HS (high- [LS (low-speed| LV (low- Unit
speed main) | main) Mode |voltage main)
Mode Mode
MIN. | MAX. | MIN. | MAX. | MIN. | MAX.
Transfer Recep- [4.0V <EVbooo<5.5V, fmek/6 fmck/6 fuck/6 | bps
I’ate tIOI"I 27 V S Vb g 40 V Note 1 Note 1 Note 1
Theoretical value 5.3 1.3 0.6 | Mbps
of the maximum
transfer rate
fmek = fouk**
2.7V <EVopo<4.0V, fmek/6 fmek/6 fuck/6 | bps
23 V S Vb g 27 V Note 1 Note 1 Note 1
Theoretical value 5.3 1.3 0.6 | Mbps
of the maximum
transfer rate
fmek = fouk"*
1.8V <EVboo<33V, fmek/6 fmek/6 fuck/6 | bps
16 V S Vb S 20 V Notes 1to 3 Notes 1,2 Notes 1,2
Theoretical value 5.3 1.3 0.6 | Mbps
of the maximum
transfer rate
fmek = fok°*
Notes 1. Transfer rate in the SNOOZE mode is 4800 bps only.
2. Use it with EVbpo>Vb.
3. The following conditions are required for low voltage interface when Evbpbo < Vob.
2.4V <EVopo < 2.7 V : MAX. 2.6 Mbps
1.8 V<EVbpo < 2.4V :MAX. 1.3 Mbps
4. The maximum operating frequencies of the CPU/peripheral hardware clock (fcLk) are:
HS (high-speed main) mode: 32 MHz (2.7 V <Vop <5.5V)
16 MHz (2.4 V <Vbp < 5.5 V)
LS (low-speed main) mode: 8MHz (1.8V <Vbp<5.5YV)
LV (low-voltage main) mode: 4MHz (1.6 V<Vbp<5.5YV)
Caution Select the TTL input buffer for the RxDq pin and the N-ch open drain output (Vop tolerance (When
20- to 52-pin products)/EVob tolerance (When 64- to 128-pin products)) mode for the TxDq 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. Vu[V]: Communication line voltage
2. qg: UART number (q = 0 to 3), g: PIM and POM number (g =0, 1, 8, 14)
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 to 03, 10 to 13)
4. UART2 cannot communicate at different potential when bit 1 (PIOR1) of peripheral I/O redirection

register (PIOR) is 1.
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RL78/G13 2. ELECTRICAL SPECIFICATIONS (Ta = -40 to +85°C)

(8) Communication at different potential (1.8 V, 2.5 V, 3 V) (CSI mode) (master mode, SCKp... internal clock output)
(33)
(Ta =—-40 to +85°C, 1.8 V < EVppo = EVpp1 < Vbb < 5.5V, Vss = EVsso = EVss1 = 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.

Slp setup time tsikt 40V<EVbpo<55YV, 44 110 110
(to SCKpJ) "’ 27V<Vb<4.0V,

Co = 30 pF, Ro = 1.4 kQ

2.7V <EVopo < 4.0 V, 44 110 110
23V<Ve<27V,

Cb =30 pF, Ro = 2.7 kQ

1.8V <EVbpoo < 3.3V, 110 110 110
1.6V<Vb<2.0V™?

Cb =30 pF, Ro = 5.5 kQ

Slp hold time tisi 40V <EVooo<5.5V, 19 19 19
(from SCKp{) "’ 27V<Voh<4.0V,

Co = 30 pF, Ro = 1.4 kQ

2.7V <EVbpo<4.0V, 19 19 19
23V<Vb<27V,

Co = 30 pF, Ro = 2.7 kQ

1.8 V<EVboo< 3.3V, 19 19 19
1.6V <Vb<2.0V"?,

Cb =30 pF, Ro = 5.5 kQ

Delay time from SCKpT | t«sor 40V <EVopo<5.5V, 25 25 25
to 2.7V<Vb<4.0V,

Note 1

SOp output Cb =30 pF, Ro = 1.4 kQ

27V <EVooo<4.0V, 25 25 25
23V<Vh<27V,

Cb =30 pF, Ro = 2.7 kQ

1.8V <EVboo< 3.3V, 25 25 25
1.6 V<Vb<2.0VNe?

Co = 30 pF, Ro = 5.5 kQ

Notes 1. When DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.
2. Use it with EVbpo > Vb.

ns

ns

ns

ns

ns

ns

ns

ns

ns

Caution Select the TTL input buffer for the Sip pin and the N-ch open drain output (Voo tolerance (When
20- to 52-pin products)/EVop tolerance (When 64- to 128-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 are listed on the next page.)
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RL78/G13 2. ELECTRICAL SPECIFICATIONS (Ta = -40 to +85°C)

Notes 1. The first clock pulse is generated after this period when the start/restart condition is detected.

<R> 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 (loH1, 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.

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

(3) I°C fast mode plus

(Ta =—-40 to +85°C, 1.6 V < EVpbpo = EVpp1 < Vob < 5.5 V, Vss = EVsso = EVss1 = 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 Fastmode plus: |27V <EVooo<55V | 0 1000 — — kHz
foik> 10 MHz

Setup time of restart tsusta  [2.7V<EVoo <55V 0.26 — — S
condition
Hold time"**®" tho:sta (2.7 V<EVDoo<55V 0.26 — — s
Hold time when SCLAO = | tlow 27V <EVoo <55V 0.5 — — s
“r
Hold time when SCLAOQ = | tricn 2.7V <EVooo <55V 0.26 — — us
o
Data setup time tsupar  [2.7 V<EVooo <55V 50 — — )7
(reception)
Data hold time tio:oar  [2.7 V<EVoo< 5.5V 0 0.45 — — us
(transmission)"**?
Setup time of stop tsusto [2.7V<EVooo<55V 0.26 — — S
condition
Bus-free time tBuF 2.7V<EVoo <55V 0.5 — — s

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 (loH1, loL1, Von1, VoL1) must satisfy the
values in the redirect destination.

Remark

pull-up resistor) at that time in each mode are as follows.

Fast mode plus:

SCLANn

Cb=

120 pF, Ro = 1.1 kQ

lICA serial transfer timing

tHiGH  tF

The maximum value of Cb (communication line capacitance) and the value of Rb (communication line

Mar 31, 2016

tHD:sTA tsu:paT
SDAAN / \S ﬂ( X \ /
Stop  Start Restart Stop
condition condition condition condition
Remark n=0,1
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RL78/G13 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = -40 to +105°C)

TI/TO Timing

tric
TIOO to TIO7, TI10to TIH7 J
1/fro
TOO00 to TO07, TO10 to TO17 J

Interrupt Request Input Timing

tinTL
INTPO to INTP11 \

Key Interrupt Input Timing

trH

tiNTH

KRO to KR7

tkr
RESET Input Timing
trRsL
RESET l L
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RL78/G13 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = -40 to +105°C)

(2) During communication at same potential (CSI mode) (master mode, SCKp... internal clock output)
(Ta =—-40 to +105°C, 2.4 V < EVppo = EVpp1 < Vop < 5.5 V, Vss = EVsso = EVss1 = 0 V)

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

SCKop cycle time tkey1 tkeyt > 4ffck | 2.7 V < EVopo < 5.5V 250 ns

2.4V <EVopo<55V 500 ns

SCKp high-/low-level width tKH1, 40V <EVooo<55V tkevi/2 — 24 ns

i 2.7V <EVoo <55V tkevi/2 — 36 ns

24V <EVbpo<5.5V tkey1/2 — 76 ns

Slp setup time (to SCKpT)™*" | tsis 4.0V <EVooo<5.5V 66 ns

2.7V <EVopo<55V 66 ns

24V <EVoo<55V 113 ns

Slp hold time (from SCKpT) "*** | tksit 38 ns

Delay time from SCKp{ to tksot C =30 pF "** 50 ns
SOp output ***

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

Caution Select the normal input buffer for the Slp 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).

Remarks 1. p: CSI number (p = 00, 01, 10, 11, 20, 21, 30, 31), m: Unit number (m =0, 1), n: Channel number (n =0
to 3),
g: PIM and POM numbers (g =0, 1, 4, 5, 8, 14)
2. 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 to 03, 10 to 13))
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3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = -40 to +105°C)

(4) During communication at same potential (simplified I°C mode)
(Ta =—-40 to +105°C, 2.4 V < EVppo = EVpp1 < Vop < 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions HS (high-speed main) Unit
Mode
MIN. MAX.
SCLr clock frequency fscL 2.7V <EVooo<5.5V, 400" kHz
Cb =50 pF, Ro =2.7 kQ
2.4V <EVooo<5.5V, 100" kHz
Cb = 100 pF, Ro = 3kQ
Hold time when SCLr = “L” tow 2.7V <EVboo<55V, 1200 ns
Cb =50 pF, Ro =2.7 kQ
24V <EVoo<55V, 4600 ns
Cb =100 pF, Ro = 3 kQ
Hold time when SCLr = “H” tHiGgH 2.7V <EVoo<55V, 1200 ns
Cb =50 pF, Ro =2.7 kQ
24V <EVoo<55V, 4600 ns
Cb =100 pF, Ro = 3 kQ
Data setup time (reception) tsu:pAT 2.7V <EVoo<55V, 1/fmck + 220 ns
Co = 50 pF, R = 2.7 kQ o
24V<EVop<55V, 1/fmck + 580 ns
Cb = 100 pF, Ro = 3 kQ o
Data hold time (transmission) tHD:DAT 2.7V <EVboo<5.5V, 0 770 ns
Cb =50 pF, R = 2.7 kQ
2.4V <EVooo<5.5V, 0 1420 ns
Cb = 100 pF, Ro = 3 kQ

Notes 1. The value must also be equal to or less than fuck/4.

2. Set the fmck value to keep the hold time of SCLr = "L" and SCLr = "H".

Caution Select the normal input buffer and the N-ch open drain output (Voo tolerance (for the 20- to 52-pin
products)/EVoo tolerance (for the 64- to 100-pin products)) mode for the SDAr pin and the normal
output mode for the SCLr pin by using port input mode register g (PIMg) and port output mode

register h (POMh).

(Remarks are listed on the next page.)
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RL78/G13 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.)

tkev2

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

tkev2

tkH2 tke2

SCKp /
\

tsik2 tksi2

Slp Input data

tkso2

SOp Output data

Remarks 1. p: CSI number (p = 00, 01, 10, 20, 30, 31), m: Unit number,
n: Channel number (mn = 00, 01, 02, 10, 12. 13), g: PIM and POM number (g =0, 1, 4, 5, 8, 14)
2. CSI01 of 48-, 52-, 64-pin products, and CSI11 and CSI21 cannot communicate at different potential.
Use other CSI for communication at different potential.
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RL78/G13 4. PACKAGE DRAWINGS

4.7 40-pin Products

R5F100EAANA, R5F100ECANA, R5F100EDANA, R5F100EEANA, R5F100EFANA, R5F100EGANA, R5F100EHANA
R5F101EAANA, R5F101ECANA, R5F101EDANA, R5F101EEANA, R5F101EFANA, R5F101EGANA, R5F101EHANA
R5F100EADNA, R5F100ECDNA, R5F100EDDNA, R5F100EEDNA, R5F100EFDNA, R5F100EGDNA,
R5F100EHDNA

R5F101EADNA, R5F101ECDNA, R5F101EDDNA, R5F101EEDNA, R5F101EFDNA, R5F101EGDNA,
R5F101EHDNA

R5F100EAGNA, R5F100ECGNA, R5F100EDGNA, R5F100EEGNA, R5F100EFGNA, R5F100EGGNA,
R5F100EHGNA

JEITA Package code RENESAS code Previous code MASS (TYP) [g]
P-HWQFN40-6x6-0.50 PWQNO0040KC-A P40K8-50-4B4-5 0.09
D
30 21
31 20 DETAIL OF (A PART
A+ E A
| -
40 11 —Aq —C»
£
1 10
INDEX AREA

Referance| Dimension in Millimeters
Symbol | Min | Nom | Max
Do D 5.95 6.00 6.05
E 5.95 6.00 6.05
—Lp EXPOSED DIE PAD A — T — 1 o80
+ 10 / A1 000 | — | —
0D UUUUUUUUU»{:” b 0.18 0.25 0.30
= - (¢] — | os0 | —
3 E Lp 0.30 0.40 0.50
g + g Es X — | — | 005
») d y i — 0.05
-] d Zp - 0.75 —
] ?} = Ze — | 075 | —
*Tannnndnnana 17 ca 015 | 020 | 025
% 21 D2 — | 450 | —
Zp @ E, — 450 | —
b
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