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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"

Active

RL78

16-Bit

32MHz

CSl, I2C, LINbus, UART/USART
DMA, LVD, POR, PWM, WDT
26

64KB (64K x 8)

FLASH

4K x 8

1.6V ~ 5.5V

A/D 8x8/10b

Internal

-40°C ~ 85°C (TA)

Surface Mount

36-WFLGA

36-WFLGA (4x4)
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RL78/G13 1. OUTLINE

Table 1-1. List of Ordering Part Numbers

(3/12)
Pin Package Data flash Fields of Ordering Part Number
count Application
Note
36 pins | 36-pin plastic WFLGA | Mounted A R5F100CAALA#UO, R5F100CCALA#UO, R5F100CDALA#UO,
(4 x4 mm, 0.5 mm R5F100CEALA#UO, R5F100CFALA#UO, R5F100CGALA#UO
pitch) R5F100CAALA#WO0, R5F100CCALA#WO0, R5F100CDALA#WO,
R5F100CEALA#WO0, R5F100CFALA#WO, R5F100CGALA#WO0
G R5F100CAGLA#UO, R5F100CCGLA#UO, R5F100CDGLA#UO,

R5F100CEGLA#UO, R5F100CFGLA#UO, R5F100CGGLA#UO
R5F100CAGLA#WO0, R5F100CCGLA#WO0, R5F100CDGLA#WO,
R5F100CEGLA#WO0, R5F100CFGLA#WO0, R5SF100CGGLA#WO0
Not A R5F101CAALA#UO, R5F101CCALA#UO, R5F101CDALA#UO,
mounted R5F101CEALA#UO, RSF101CFALA#UO, R5F101CGALA#UO
R5F101CAALA#WO0, R5F101CCALA#WO, R5F101CDALA#WO,
R5F101CEALA#WO0, R5F101CFALA#WO0, R5F101CGALA#WO

40 pins | 40-pin plastic HWQFN | Mounted A R5F100EAANA#UO, R5F100ECANA#UO, R5F100EDANA#UO,
(6 x 6 mm, 0.5 mm R5F100EEANA#UO, R5F100EFANA#UO, R5F100EGANA#UO,
pitch) R5F100EHANA#UO

R5F100EAANA#WO, R5F100ECANA#WO0, RSF100EDANA#WO,
R5F100EEANA#WO0, R5F100EFANA#WO0, RSF100EGANA#WO,
R5F100EHANA#WO

D R5F100EADNA#UO, R5F100ECDNA#UO, R5F100EDDNA#UO,
R5F100EEDNA#UO, R5F100EFDNA#UO, R5F100EGDNA#UO,
R5F100EHDNA#UO

R5F100EADNA#WO0, R5F100ECDNA#WO,
R5F100EDDNA#WO0, R5F 100EEDNA#WO0, R5F100EFDNA#WO,
R5F100EGDNA#WO0, R5F100EHDNA#WO0

G R5F100EAGNA#UO, R5F100ECGNA#UO, R5F100EDGNA#UO,
R5F100EEGNA#UO, R5F 100EFGNA#UO, R5F100EGGNA#UO,
R5F100EHGNA#UO

R5F100EAGNA#WO0, R5F100ECGNA#WO,
R5F100EDGNA#WO0, RSF100EEGNA#WO,
R5F100EFGNA#WO0, R5F100EGGNA#WO0, R5F100EHGNA#W0

Not A R5F101EAANA#UO, R5F101ECANA#UO, RSF101EDANA#UO,
mounted R5F101EEANA#UO, R5F101EFANA#UO, R5F101EGANA#UO,
R5F101EHANA#UO

R5F101EAANA#WO, R5F101ECANA#WO0, RSF101EDANA#WO,
R5F101EEANA#WO0, R5F101EFANA#WO0, RSF101EGANA#WO,
R5F101EHANA#WO

D R5F101EADNA#UO, R5F101ECDNA#UO, RSF101EDDNA#UO,
R5F101EEDNA#UO, R5F101EFDNA#UO, R5F101EGDNA#UO,
R5F101EHDNA#UO

R5F101EADNA#WO0, R5F101ECDNA#WO,
R5F101EDDNA#WO0, R5F101EEDNA#WO0, R5F101EFDNA#WO,
R5F101EGDNA#WO0, R5F101EHDNA#WO0

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

1.3.9 48-pin products

e 48-pin plastic LFQFP (7 x 7 mm, 0.5 mm pitch)
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P120/ANI19 O=—»{37 24|«——=0OP147/ANI18
P41/T107/TO07 O 38 23|=——=OP146
P40/TOOLO O 39 22| «——=(OP10/SCK00/SCLO0/(TI07)/(TO07)
RESET O—~{40 21 [«——~OP11/S100/RxD0O/TOOLRXD/SDA0O/(TI06)/(TO06)
P124/XT2/EXCLKS O——~|41 RL78/G13 20 [«——~0OP12/SO00/TxDO/TOOLTXD/(TI05)/(TO05)
P123/XT1 O——~{42 (Top View) 19 [«——=0OP13/TxD2/S020/(SDAAO)/(TI04)/(TO04)
P137/INTPO O——~|43 P 18 [«——=0OP14/RxD2/S120/SDA20/(SCLAO)/(TI03)/(TO03)
P122/X2/EXCLK O——=144 17|«——~OP15/PCLBUZ1/SCK20/SCL20/(T102)/(TO02)
P121/X1 O——]45 16 [«——=~OP16/TI01/TO01/INTP5/(RXDO)
REGCO—|46 15 [+——=0OP17/TI102/TO02/(TXDO)
Vss O——147 14l«——=0OP51/INTP2/SO11
Voo O——|48 13|«——~OP50/INTP1/S111/SDA11
12 345678 9101112
O0O000O0O0O0OOOO
22PERIEE8TT
20 O O
28 22355299
S = oS = -4 =
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TR~ =HH
EofltibrsSy
za> fcoI
SZ3 oo
Cwly oo
ST >
Qx X a
S 6 E
= z

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. Functions in parentheses in the above figure can be assigned via settings in the peripheral 1/0
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 Block

Diagram

1.5.1 20-pin products

TIMER ARRAY
UNIT (8ch)
T000P01 cho
TI01/TO01/P16 ~—1~ ch1
TI02/TO02/P17 ~—1= ch2
ch3
ch4

ch5

ch6

ch7

CODE FLASH MEMORY

<:>P10to P12, P16, P17

S I =
S I
o Jon

RL78 ANIO/P20 to
WINDOW cru ANI2/P22
core K—] ANI16/P01, ANI17/P0O0,
WATT|<“:A!EDROG ~| DATAFLASH MEMORY <:> A/D CONVERTER ANI18/P147
—1
@ AVrerp/P20
LOW-SPEED 12-BIT INTERVAL AVrerm/P21
ON-CHIP = TIMER
OSCILLATOR POWERONRESET/| oo o
VOLTAGE CONTROL
REAL-TIME DETECTOR
CcLOCK
RAM
SERIAL ARRAY RESET CONTROL
UNITO (4ch)
RxDO/P11 —— [ {—>| ON-CHIP DEBUG TOOLO/P40
TXDO/P12 — UARTO
Vob Vss TOOLRxD/P11, SYSTEM
TOOLTXD/P12 _
RxD1/P01 — UARTI CONTROL RESET
TXD1/PO0 ~—
HIGH-SPEED X1/P121
ON-CHIP
SCKO00/P10 MULTIPLIER& CRC OSCILLATOR X2/EXCLK/P122
SI00/P11 Csioo <:> DIVIDER,
S000/P12 MULITIPLY-
ACCUMULATOR VOLTAGE REGEC
SCK11/P30 REGULATOR
SI1/P17 csin DIRECT MEMORY
SO11/P16 <:> ACCESS CONTROL ~—— INTPO/P137
SCLOO/P10 =— _ INTERRUPT
1Ico0 <:>
SDA0O/P11 e- - BCD CONTROL INTP3/P30
ADJUSTMENT
SCL11/P30 =— o INTP5/P16
SDA11/P17 =—
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RL78/G13

1. OUTLINE

1.5.4 30-pin products

TIMER ARRAY
UNIT (8ch)
TI00/PO0 ——1{~]
TO00/POT = cho
TI01/TO01/P16 ~—t= cht
TI02/TO02/P17 =
(TI02/TO02/P15)

TI03/TO03/P31 __ | | -
(TI03/TO03/P14)
(TI04/TO04/P13) ~—{+] chd
(TI05/TO05/P12) == ch5
(TIO7/TO07/P10) =—{+] o

RxD2/P14 — =)

WINDOW
WATCHDOG
TIMER
LOW-SPEED
i-SPEE 12—BI'!I'_IIU'IIE'ERVAL
OSCILLATOR

REAL-TIME
CLOCK

SERIAL ARRAY
UNITO (4ch)
RxDO/P11(RxDO/P16) —| _
TXDO/P12(TXDO/P17) ~—| UARTO
RxD1/POT — =]
TXD1/PO0 ~—| UART
SCKO0/P10
SI00/P11 Csl00
SO00/P12
SCK11/P30
SI11/P50 csi1
SO11/P51
SCLOO/P10~—

1IC00

lic11

SDA00/P11 ~—

SCL11/P30 =—
SDA11/P50 «—

SERIAL ARRAY
UNIT1 (2ch)

RxD2/P14
TxD2/P13 UART2
LINSEL

SCK20/P15
SI20/P14 CsI20

S020/P13

SCL20/P15 -— 11C20
SDA20/P14 =—]

RL78
CPU
CORE

CODE FLASH MEMORY

|~ DATAFLASH MEMORY
—

K=

-

K=

<=

RAM
Voo Vss TOOLRxXD/P11,
TOOLTXD/P12
[+ SDAAO/PE1(SDAAD/P13)
SERIAL
INTERFACE lICA0 SCLAO/PBO(SCLAO/P14)
BUZZER OUTPUT
_________ PCLBUZO/P31,
PCLBUZ1/P1
CLOCK OUTPUT CLBUZ1/P15
CONTROL
MULTIPLIER&
DIVIDER, CRC
MULITIPLY-
ACCUMULATOR
DIRECT MEMORY
ACCESS CONTROL
BCD
ADJUSTMENT

<:> P00, PO1
<:> P10 to P17
<:> P20 to P23
<:> P30, P31
=]
<:> P50, P51
<:> P60, P61
=3
= Tl
e ]

P40

ANIO/P20 to
ANI3/P23
ANI16/P01, ANI17/P0O,
K| AID CONVERTER ANI18/P147, ANI9/P120
AVRrere/P20
AVRrerm/P21
POWER ON RESET/ PORILVD
VOLTAGE CONTROL
DETECTOR
RESET CONTROL
{—>| ON-CHIP DEBUG [=——=TOOLO/P40
SYSTEM
CONTROL  |~——RESET
HIGH-SPEED| [+ X1/P121
ON-CHIP
oot oR X2/EXCLK/P122
VOLTAGE
REGULATOR REGC
RxD2/P14
INTPO/P137
INTP1/P50,
(= INTERRUPT INTP2/P51
CONTROL INTP3/P30,
INTP4/P31
-~ INTP5/P16

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

redirection register (PIOR).

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

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

R01DS0131EJ0330 Rev.3.30
Mar 31, 2016
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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
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RL78/G13

1. OUTLINE

1.5.14 128-pin products
TIMER ARRAY
UNITO (8ch)
TIOO/PO0 ——~|
TO00/POT =— cho
TIO1/T001/P16 ~—}+] cht
TI02/TO02/P17 "
(TI02/TO02/P15)
TI03/TO03/P31 -
(TI03/TO03/P14)
Roarooapry ~ L™ |
(TI04/TO04/P13)
TIO5/TO05/P46 e
(TI05/TO05/P12)
TI06/TO06/P102 ___|_| e
(TI06/TO0B/P11)
TI07/TO07/P145 |
(TI07/T007/P10) ™| e
RxD2/P14 —
(RXD2/P76)
SERIAL ARRAY
UNITO (4ch)

RxD0/P11(RxD0/P16) —
TxDO/P12(TxDO/P17) ~—{

RxD1/PO3(RxD1/P81) —
TxD1/P02(TxD1/P82) ~—

SCK00/P10(SCKO00/P55) —=—
S100/P11(S100/P16)

UARTO

UART1

*II

Csloo

SO00/P12(SO00/P17) =—
SCK01/P43 -—]

1

csilo1

SI01/P44
S001/P45

SCK10/P04(SCK10/P80) —=—
SI10/P03(S110/P81)

Csl10

S0O10/P02(SO10/P82) <

SCK11/P95 ~—]
SI11/P96

1

Csi1

SO11/P97

SCLO0/P10 ~—

SDAQO/P11 ~—|

SCLO1/P43 ~—

SDAO1/P44 ~—|
SCL10/P04(SCL10/P80) ~—{
SDA10/P03(SDA10/P81) =—

SCL11/P95 =—]
SDA11/P96 ~—

1IC00

11Co1

lIc10

lIc11

RxD2/P14(RxD2/P76) —

TxD2/P13(TxD2/P77) ~—1—

RxD3/P143 —
TxD3/P144 ~—
SCK20/P15 =—
SI20/P14 —
S020/P13 =—
SCK21/P70 ~—]
SI21/P71 —
S021/P72 =—
SCK30/P142 ~—
SI30/P143 —
SO30/P144 ~—
SCK31/P54 ——]
SI31/P53 —
S031/P52 ~—

SCL20/P15~—
SDA20/P14 ~—{
SCL21/P70~—
SDA21/P71 ~—
SCL30/P142~—]
SDA30/P143 ~—{
SCL31/P54 -—{
SDA31/P53 «—f

SERIAL ARRAY
UNIT1 (4ch)

UART2

UART3

I

- Csl20
- Csi21
- CsI30

- Csi31

1ic20

lic21

1IC30

1IC31

TIMER ARRAY
UNIT1 (8ch)

cht
ch2

<:> ch3

ch4

ch5

ché

ch7

— TI10/TO10/P64

~f—— TI11/TO11/P65

~— TI12/TO12/P66

~— TI13/TO13/P67

~[— TI114/TO14/P103

~[— TI15/TO15/P104

~[— TI16/TO16/P105

[~— TI17/TO17/P106

<:> A/D CONVERTER

KT8] ANIO/P20 to ANIT/P27

ANI8/P150 to ANI14/P156
ANI16/P03, ANI17/P02,
ANI18/P147, ANI19/P120,
ANI20/P100, ANI21/37,
ANI22/P36, ANI23/P35,
ANI24/P117, ANI25/P116,
ANI26/P115

AVrerp/P20
AVrern/P21

RL78
CPU
CORE

CODE FLASH MEMORY

DATA FLASH MEMORY

RAM

Voo,

EVooo, EVsso, TOOLTXD/P12
EVoo1 EVsst

“ SERIAL

INTERFACE IICA0

<:> SERIAL
INTERFACE IICA1

BUZZER OUTPUT

<:> _________ II>(PCLBUZO/F’31),
PCLBUZ1/P141

|

Vss, TOOLRxD/P11,

SDAAO/P61(SDAAO/P13)
SCLAO/PE0(SCLAO/P14)

SDAA1/P63
SCLA1/P62

PCLBUZ0/P140

(PCLBUZ1/P55)

MULTIPLIER&
DIVIDER,
MULITIPLY-
ACCUMULATOR

DIRECT MEMORY
“ ACCESS CONTROL

BCD
ADJUSTMENT

g

—

CRC

WINDOW
WATCHDOG
TIMER

=

LOW-SPEED
ON-CHIP
OSCILLATOR

12-BIT INTERVAL
TIMER

=

mmg©

POO to PO7
<:>P10 to P17
<:>P20 to P27
<:>P30 to P37
<:>P40 to P47
<:>P50 to P57

g ¢ g0

PORT 6 K 8 >P60 to P67
PORT 7 (8 >P70to P77

<8P80 to P87
B >P90 to P97

<:> P100 to P106

e o |

P120, P125 to P127
CZIP121 to P124

P130
<> PORT13 PR
<D PorT 14 (78> P140 to P147
- PORT 15 K7 > P150 to P156

¢ KEYRETURN Eigjggm

POWER ON RESET/ PORILVD
VOLTAGE CONTROL
DETECTOR

RESET CONTROL
] ON-CHIP DEBUG TOOLO/P40
SYSTEM <~ RESET
CONTROL X1/P121
TIGHSPEED] | X2/EXCLK/P122
ON-CHIP [~ XT1/P123
OSCILLATOR| |+ XT2/EXCLKS/P124
VOLTAGE

INTERRUPT
CONTROL

=

C RxD2/P14 (RxD2/P76)
INTPO/P137

INTP1/P46 (INTP1/P56),
INTP2/P47

INTP3/P30 (INTP3/P57),
INTP4/P31 (INTP4/P146)
INTP5/P16 (INTP5/P12)
INTP6/P140 (INTP6/P84),
INTP7/P141 (INTP7/P85)
INTP8/P74 (INTP8/P86),
INTP9/P75 (INTP9/P87)
INTP10/P76 (INTP10/P110),
INTP11/P77 (INTP11/P111)

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

redirection register (PIOR).

(PIOR) in the RL78/G13 User’s Manual.

Refer to Figure 4-8 Format of Peripheral /0 Redirection Register
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RL78/G13 1. OUTLINE

3. The number of PWM outputs varies depending on the setting of channels in use (the number of
masters and slaves) (see 6.9.3 Operation as multiple PWM output function in the RL78/G13 User’s
Manual).

4. When setting to PIOR =1

(2/2)

ltem 20-pin 24-pin 25-pin 30-pin 32-pin 36-pin

X90014SH
X91014SH
X/0014SH
X/1014S4
X800149H
Xg101d4SH
Xy00 454
XV 10Ld4SH
Xg0oo4s4
Xd10lLd4s4
XD0014sH
x010k4sd

Clock output/buzzer output - 1 1 2 2 2

e 2.44 kHz, 4.88 kHz, 9.76 kHz, 1.25 MHz, 2.5 MHz, 5 MHz, 10 MHz
(Main system clock: fuain = 20 MHz operation)

8/10-bit resolution A/D converter 6 channels 6 channels 6 channels 8 channels 8 channels 8 channels

[20-pin, 24-pin, 25-pin products]
e CSI: 1 channel/simplified I°C: 1 channel/UART: 1 channel
e CSI: 1 channel/simplified I°C: 1 channel/lUART: 1 channel

Serial interface

[30-pin, 32-pin products]

e CSI: 1 channel/simplified I°C: 1 channel/lUART: 1 channel

e CSI: 1 channel/simplified I°C: 1 channel/UART: 1 channel

e CSI: 1 channel/simplified I°C: 1 channel/lUART (UART supporting LIN-bus): 1 channel
[36-pin products]

e CSI: 1 channel/simplified I°C: 1 channel/lUART: 1 channel

e CSI: 1 channel/simplified I°C: 1 channel/lUART: 1 channel
e CSlI: 2 channels/simplified I’C: 2 channels/UART (UART supporting LIN-bus): 1 channel

I’C bus - 1 channel 1 channel 1 channel 1 channel 1 channel

* 16 bits x 16 bits = 32 bits (Unsigned or signed)
* 32 bits + 32 bits = 32 bits (Unsigned)
o 16 bits x 16 bits + 32 bits = 32 bits (Unsigned or signed)

Multiplier and divider/multiply-
accumulator

DMA controller 2 channels

Vectored interrupt| Internal 23 24 24 27 27 27

sources External 3 5 5 6 6 6

Key interrupt -

Reset « Reset by RESET pin

¢ Internal reset by watchdog timer

¢ Internal reset by power-on-reset

¢ Internal reset by voltage detector

¢ Internal reset by illegal instruction execution
¢ Internal reset by RAM parity error

¢ Internal reset by illegal-memory access

Note

Power-on-reset circuit

Power-on-reset:
Power-down-reset:

1,51V (TYP.)
1.50 V (TYP.)

Voltage detector

Rising edge :
Falling edge :

1.67 V to 4.06 V (14 stages)
1.63 V to 3.98 V (14 stages)

On-chip debug function Provided

Voo = 1.6 10 5.5 V (T, = -40 to +85°C)
V,, =2.4105.5 V (T, = -40 to +105°C)

<R> Power supply voltage

Ta =40 to +85°C (A: Consumer applications, D: Industrial applications )
Ta =40 to +105°C (G: Industrial applications)

Operating ambient temperature

Note The illegal instruction is generated when instruction code FFH is executed.
Reset by the illegal instruction execution not issued by emulation with the in-circuit emulator or on-chip
debug emulator.
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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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RL78/G13 2. ELECTRICAL SPECIFICATIONS (Ta = -40 to +85°C)

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

corresponding CSI00 only)
(Ta = —-40 to +85°C, 2.7 V < EVppo = EVpp1 < Vbb < 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 tkeyt > 2/fck| 4.0 V < EVooo < 5.5 V| 62.5 250 500 ns
2.7V <EVooo<5.5V| 83.3 250 500 ns
SCKp high-/low-level tke, 40V <EVooo<55V tkeva/2 — tkev1/2 — tkeva/2 — ns
width tKLt 7 50 50
2.7V <EVopo <55V tkevi/2 — tkevi/2 — tkevi/2 — ns
10 50 50
Slp setup time (to SCKpT)| tsik1 40V <EVopo<55V 23 110 110 ns
Note 1
2.7V <EVopo <55V 33 110 110 ns
Slp hold time (from tksit 27V <EVooo<55V 10 10 10 ns
SCKpT) Note 2
Delay time from SCKp{ to| tkso C =20 pF "** 10 10 10 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
SCKpl” 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 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).

Remarks 1. This value 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. 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))
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RL78/G13

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

2.8 Flash Memory Programming Characteristics

(Ta =-40 to +85°C,1.8 V< Vpbp<5.5V, Vss =0 V)

TA=85°C

Parameter Symbol Conditions MIN. TYP. MAX. Unit
CPU/peripheral hardware clock | fcix 1.8V<VbD<55V 1 32 MHz
frequency
Number of code flash rewrites Cerwr Retained for 20 years 1,000 Times
Notes 1,2,3 Ta = 85°C
Number of data flash rewrites Retained for 1 years 1,000,000
Notes 1,2,3 TA — 2500

Retained for 5 years 100,000
Ta=85°C
Retained for 20 years 10,000

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.

2.9 Dedicated Flash Memory Programmer Communication (UART)

(Ta=-40 to +85°C, 1.8 V < EVbpo = EVpp1 < Vpop < 5.5V, Vss = EVsso = EVss1 =0 V)

Parameter

Symbol Conditions

MIN.

TYP.

MAX.

Unit

Transfer rate

During serial programming

115,200

1,000,000

bps
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RL78/G13 2. ELECTRICAL SPECIFICATIONS (Ta = -40 to +85°C)

2.10 Timing of Entry to Flash Memory Programming Modes
(Ta =-40 to +85°C, 1.8 V < EVppo = EVpp1 < Vbp < 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Time to complete the tsuiniT POR and LVD reset must be released before 100 ms
communication for the initial the external reset is released.
setting after the external reset is
released
Time to release the external reset | tsu POR and LVD reset must be released before 10 us
after the TOOLO pin is set to the the external reset is released.
low level
Time to hold the TOOLO pin at tHD POR and LVD reset must be released before 1 ms
the low level after the external the external reset is released.
reset is released
(excluding the processing time of
the firmware to control the flash
memory)

<1>  <2> <3> <4>
RESET L/ E !
I 723 ps +tio ;
! processing :
! time ! ) !
~——— 1-byte data for setting mode .

TOOLO

tsu 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 TOOLO 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
tip:  Time to hold the TOOLO 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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3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = -40 to +105°C)

3.2 Oscillator Characteristics

3.2.1 X1, XT1 oscillator characteristics

(TA=-40to0 +105°C,2.4V<Vpp<5.5V,Vss=0V)

Parameter Resonator Conditions MIN. TYP. MAX. Unit
X1 clock oscillation Ceramic resonator/ 27V<Vop<55V 1.0 20.0 MHz
frequency (fx)"™* crystal resonator 24V <Vop<27V 1.0 16.0 MHz
XT1 clock oscillation | Crystal resonator 32 32.768 35 kHz
frequency (fx)"™

Note Indicates only permissible oscillator frequency ranges. Refer to AC Characteristics for instruction execution

time.

oscillator characteristics.

Request evaluation by the manufacturer of the oscillator circuit mounted on a board to check the

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.

Remark When using the X1 oscillator and XT1 oscillator, refer to 5.4 System Clock Oscillator.

3.2.2 On-chip oscillator characteristics

(TA=-40to +105°C,2.4V<Vbp<5.5V,Vss=0V)

Oscillators Parameters Conditions MIN. | TYP. | MAX. | Unit
High-speed on-chip oscillator | f 1 32 MHz
clock frequency “*"?

High-speed on-chip oscillator —20 to +85 °C 24V <Vop<55V -1.0 +1.0 %

clock frequency accuracy ~40to 20 °C 2.4V <Voo<55V 15 H5 | %
+85 to +105 °C 24V <Vop<55V -2.0 +2.0 %

Low-speed on-chip oscillator | fi 15 kHz

clock frequency

Low-speed on-chip oscillator -15 +15 %

clock frequency accuracy

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.
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RL78/G13

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

Notes 1.

Remarks

Total current flowing into Vop, EVbpo, and EVpp1, including the input leakage current flowing when the
level of the input pin is fixed to Voo, EVbpo, and EVobs, 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.

. 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 AMPHS1 = 1

(Ultra-low power consumption oscillation). However, not including the current flowing into the 12-bit
interval timer and watchdog timer.

. 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

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, temperature condition of the TYP. value is Ta = 25°C
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RL78/G13 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = -40 to +105°C)

Minimum Instruction Execution Time during Main System Clock Operation

Tey vs Vob (HS (high-speed main) mode)
10

1.0 e

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

Cycle time Tey [us]

0.1

(005717 NS R— s !
0.05 L 4

0.03125 fomsmonbonon-. o

0.01

0 10 20! 30 40 50°%60
24 27

Supply voltage Voo [V]

AC Timing Test Points

Vin/Vor Vin/Vor
Test point
Vi/Vou > estpoints < Vi/Vou

External System Clock Timing

1/fex/
1/fexs
text/ [ texH/
texs texHs
EXCLK/EXCLKS \
N\ N~
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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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RL78/G13 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = -40 to +105°C)

(3) During communication at same potential (CSI mode) (slave mode, SCKp... external clock input)
(Ta =—-40 to +105°C, 2.4 V < EVppo = EVpp1 < Vbp < 5.5 V, Vss = EVsso = EVss1 = 0 V)

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

SCKp cycle time"*°® tkevz 40V<EVoo<55 |20 MHz < fuck 16/fmek ns
v fuek < 20 MHz 12/fmek ns
2.7V<EVom<55 16 MHz < fmek 16/fmck ns
v fuek < 16 MHz 12/fmek ns
24V <EVoo<55V 16/fmck ns

12/fuck and 1000 ns

SCKp high-/low-level tKkH2, 40V <EVopo<5.5V tkev2/2 — 14 ns

width ta 2.7V <EVon<55V tkovz/2 — 16 ns
2.4V <EVopo< 5.5V tkev2/2 — 36 ns

Slp setup time tsike 2.7V <EVbpo<5.5V 1/fmek+40 ns

(to SCKpT) ™" 2.4V <EVoon <55V 1/fuc+60 ns

Slp hold time tksi2 24V <EVopo <55V 1/fmck+62 ns

(from SCKpT) "2

Delay time from tksoe C =30 pF"** 2.7V <EVoo <55 2/fwck+66 ns

SCKpJ to SOp output v

e 24V <EVoro<55 2uck+113 | ns

\%

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

SCKpld” 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
SCKpJ{” 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 SOp output lines.

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

Caution Select the normal input buffer for the Sip 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: 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 number (g =0, 1, 4, 5, 8, 14)
2. fmck: Serial array unit operation clock frequency

(Operation clock to be set by the CKSmn bit of serial mode register mn (SMRmn). m: Unit number,

n: Channel number (mn = 00 to 03, 10 to 13))

CSI mode connection diagram (during communication at same potential)

SCK SCK
RL78 Slp SO User device
microcontroller
SOp sl
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RL78/G13 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = -40 to +105°C)

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

tkevr, 2

tkur, 2 trH1 2

/
SCKp \

tsikt, 2 tksi1, 2

Slp Input data

tksor1,2
|

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.)

tkevt, 2

Tk, 2 KL, 2

SCKp / |
N

tsiki, 2 tksi1, 2

Slp Input data

tkso1,2

sop Output data ><

Remarks 1. p: CSI number (p = 00, 01, 10, 11, 20, 21, 30, 31)
2.  m: Unit number, n: Channel number (mn = 00 to 03, 10 to 13)
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RL78/G13 3. ELECTRICAL SPECIFICATIONS (G: INDUSTRIAL APPLICATIONS Ta = -40 to +105°C)

CSI mode connection diagram (during communication at different potential)

<Master>

RL78

microcontroller

Vb Vb
é Rb % Rb
SCKp * SCK
Slp SO
SOp Sl

User device

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

3.10 Timing of Entry to Flash Memory Programming Modes
(Ta =-40 to +105°C, 2.4 V < EVbpo = EVbp1 < Vop < 5.5 V, Vss = EVsso = EVss1 = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Time to complete the tsuini POR and LVD reset must be released before 100 ms
communication for the initial the external reset is released.
setting after the external reset is
released
Time to release the external reset | tsu POR and LVD reset must be released before 10 us
after the TOOLO pin is set to the the external reset is released.
low level
Time to hold the TOOLO pin at the | tvp POR and LVD reset must be released before 1 ms
low level after the external reset is the external reset is released.
released
(excluding the processing time of
the firmware to control the flash
memory)

< > <

\2

> <2> <
\
|
|
|

1

RESET /

723 us + tvp
processing

time .
~———— 1-byte data for setting mode

3

TOOLO

'\I

tsu tsuiniT

) N

<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 TOOLO 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
tip:  Time to hold the TOOLO 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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4. PACKAGE DRAWINGS

4. PACKAGE DRAWINGS

4.1 20-pin Products

R5F1006AASP, R5F1006CASP, R5F1006DASP, R5F1006EASP
R5F1016AASP, R5F1016CASP, R5F1016DASP, R5F1016EASP
R5F1006ADSP, R5F1006CDSP, R5F1006DDSP, R5F1006EDSP
R5F1016ADSP, R5F1016CDSP, R5F1016DDSP, R5F1016EDSP
R5F1006AGSP, R5F1006CGSP, R5F1006DGSP, R5F1006EGSP

JEITA Package Code

RENESAS Code

Previous Code MASS (TYP) [g]

P-LSSOP20-0300-0.65

PLSP0020JC-A

S20MC-65-5A4-3 0.12

HARAR

EEEL:

detail of lead end
—F
—G
+
O
EEEEEEEE: e !
1 10
A
H
| J
I T>
a1 N
ITEM MILLIMETERS
" c —K A 6.65:0.15
B 0.475 MAX.
— =D B c 0.65 (T.P.)
+0.08
NOTE D 0.242507
Each lead centerline is located within 0.13 mm of E 0.1£0.05
its true position (T.P.) at maximum material condition. F 1.340.1
G 1.2
H 8.1£0.2
| 6.1£0.2
J 1.0+0.2
K 0.17+0.03
L 0.5
M 0.13
N 0.10
P 32130
T 0.25
U 0.6+0.15
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