/{EN ESAS Datasheet

RL78/H1D RO1DS0318EJ0111
Rev. 1.11
RENESAS MCU Mar 22. 2024

Analog front-end (24-bit AZA/D converter with programmable gain instrumentation amplifier, Amplifier
unit and 12-bit D/A converter), External signal sampler/Sampling output timer detector and Integrated
LCD controller/driver.

True Low Power Platform (as low as 70.8 pA/MHz, and 0.68 pA in Halt mode( RTC2 + LVD)), 1.8 V to
5.5V operation, 64 to 128 Kbyte Flash, 33 DMIPS at 24 MHz, for Healthcare and Flow meter
applications.

1. OUTLINE

1.1 Features

O Ultra-low power consumption technology

*VDD=241t055V
(10-bit SAR A/D converter: 2.4t0 5.5V,
operating voltage of the analog front-end
(AFE): 2.7 to 5.5 V) Note 1,
VDD = 1.8 to 5.5 VNote 2

* HALT mode

* STOP mode

* SNOOZE mode

O RL78 CPU core

« CISC architecture with 3-stage pipeline

* Minimum instruction execution time: Can be
changed from high speed (0.04167 ps: @ 24
MHz operation with high-speed on-chip
oscillator clock) to ultra-low speed (30.5 ps:
@ 32.768 kHz operation with subsystem
clock)

» Multiply/divide and multiply/accumulate
instructions are supported.

» Address space: 1 MB

» General-purpose registers: (8-bit register x 8)
x 4 banks

« On-chip RAM: 5.5 KBNote 1 g KgNote 2

O Code flash memory

* Code flash memory: 64 to 128 KB

* Block size: 1 KB

« Prohibition of block erase and rewriting
(security function)

» On-chip debug function

« Self-programming (with boot swap
function/flash shield window function)

O Data flash memory
* Data flash memory: 4 KB

» Background operation (BGO): Instructions
can be executed from the program memory
while rewriting the data flash memory.

* Number of rewrites: 1,000,000 times (TYP.)

« Voltage of rewrites: VbD = 2.4 to 5.5 VNote 1,
1.8to 5.5 \yNote 2

O High-speed on-chip oscillator
* Select from 24 MHz, 16 MHz, 12 MHz, 8
MHz, 6 MHz, 4 MHz, 3 MHz, 2 MHz, and 1
MHz
« High accuracy: +1.0% (Vbb=2.4t0 5.5V, TA
=-20to +85°CNote 1 \Vpp=1.8t05.5V, TA=
-20 to +85°CNote 2)

O Operating ambient temperature
e TA = -40 to +85°C (A: Consumer
applicationsNote 1 D: Industrial
applicationsNote 2)

O Power management and reset function
» On-chip power-on-reset (POR) circuit
» On-chip voltage detector (LVD) (Select
interrupt and reset from 9Note 1 gr 12Note 2
levels)

O Data transfer controller (DTC)
* Transfer modes: Normal transfer mode,
repeat transfer mode, block transfer mode
« Activation sources: Activated by interrupt
sources (35 sources).
* Chain transfer function

O Event link controller (ELC)
« Event signals of 18 to 26 types can be linked
to the specified peripheral function.
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RL78/H1D

1. OUTLINE

O Serial interfaces
« Simplified SPI(CSI Note 3)/Simplified
SPI(CSI)(SPI supported): 3 channels
* UART/UART (LIN-bus supported):3 channels
« |2C/simplified 12C: 4 channels
* Serial interface UARTMG (9600 bps @ 38.4
kHz): 1 channel (R5F11R only)

O Timers

* 16-bit timer:
Timer array unit (TAU): 8 channels,
Timer RJ: 2 channels (R5F11R only)

« 8-bit timer:2 channelsNote 1 6 channelsNote 2

* 12-bit interval timer: 1 channel

 Real-time clock 2: 1 channel (calendar for 99
years, alarm function, and clock correction
function)

» Watchdog timer: 1 channel (operable with the
dedicated low-speed on-chip oscillator)

« External signal sampler: 1 channel (R5F11R
only)

« Sampling output timer detector (SMOTD):
6 channels for input, 3 channels for output
(R5F11R only)

O LCD controller/driver
« Internal voltage boosting method, capacitor
split method, and external resistance division
method are switchable.
« Segment signal output:
27 (23) to 36 (32) Note 4
« Common signal output: 4 (8) Note 4

O Analog front-end power supply circuit
(R5F11N and R5F11P only)
» AFE reference power supply (ABGR)
« LDO for supplying power to internal circuits
(REGA)
 LDO for supplying power to a sensor
(SBIAS): 0.5t02.2V

O 24-bit AZ A/D converter with programmable gain
instrumentation amplifier (R5F11N and R5F11P
only)

* 24-bit second-order AX A/D converter (AVDD
=2.7t05.5V)
- SNDR: 85 dB (TYP.)
- Output data rate: 488 sps to 15.625 ksps in
normal mode
61 sps to 1.953 ksps in low power mode

» Programmable gain instrumentation amplifier
(PGAO0)

- Analog input: 1 to 5 channels (differential
input mode or single-ended input mode)

- D/A converter for offset adjustment

- Variable gain: x1 to x64

O Amplifier unit (R5F11N and R5F11P only)

* Programmable gain instrumentation amplifier
(PGAL): 1 channel (R5F11NL, R5F11PL, and
R5F11NG only)

- Analog input: 1 or 2 channels
- Variable gain: x12, x16, x20, x24

« Rail-to-rail operational amplifier (AMPO): 1
channel

» General-purpose operational amplifier
(AMP1, AMP2): 2 channels (R5F11NL,
R5F11PL, and R5F11NG only)

O D/A converter (R5F11N and R5F11P only)

 8-bit resolution R-2R resistor ladder D/A
converter (DACO) (AVDD = 2.7 t0 5.5 V):
1 channel

« 12-hit resolution R-2R resistor ladder D/A
converter (DAC1) (AVDD = 2.7 to 5.5 V):
1 channel (R5F11NL, R5F11PL, and
R5F11NG only)

O 10-bit SAR A/D converter
* 10-bit resolution A/D converter (VDD = 2.4 to
5.5 vNote 1 \/pp = 1.8 to 5.5 \Note 2)
 Analog input: 3 channels
« Internal reference voltage (TYP. 1.45 V) Note 5
and temperature sensor Note 5

O I/0 ports
« 1/0O ports: 29 to 63 (N-ch open drain 1/0
[withstand voltage of 6 V]: 2)
« Can be set to N-ch open drain, TTL input
buffer, and on-chip pull-up resistor
» On-chip clock output/buzzer output controller

O Others
» On-chip BCD (binary-coded decimal)
correction circuit

Note 1. In case of R5F11N and R5F11P.

Note 2. In case of R5F11R.

Note 3.  Although the CSI function is generally
called SPI, it is also called CSI in this
product, so it is referred to as such in
this manual.

Note 4.  The number in parentheses indicates
the number of signal outputs when 8
coms are used.
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RL78/H1D 1. OUTLINE
Note 5.  Selectable only in HS (high-speed main) mode.
Remark The functions mounted depend on the product. See 1.6 Outline of Functions.
O ROM, RAM capacities
RL78/H1D
Flash ROM Data Flash RAM
80-pin LFQFP | 64-pin LFQFP | 64-pin TFBGA | 48-pin LFQFP
128 KB 4 KB 5.5KB R5F11INMG R5F11INLG R5F11PLG R5F1INGG
96 KB 4 KB 5.5KB R5F11NMF R5F11NLF R5F11PLF R5F11NGF
64 KB 4 KB 5.5KB R5F11NME — — —
128 KB 4 KB 8 KB R5F11RMG — — —
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RL78/H1D 1. OUTLINE
1.2 Ordering Information
Pi Fields of Orderable Part Number
" Package felds o RENESAS Code
Count Application Product Name Packaging Specifications

80 pins 80-pin plastic LFQFP A R5F11NMGAFB, #10, #30, #50, #70 PLQPO080KB-B

(12 x 12 mm, 0.5 mm pitch) R5F11NMFAFB,
R5F11INMEAFB

64 pins | 64-pin plastic LFQFP A R5F11NLGAFB, #10, #30, #50, #70 PLQP0064KB-C
(10 x 10 mm, 0.5 mm pitch) RSF1INLFAFB

64 pins | 64-pin plastic TFBGA A R5F11PLGABG, #U0, #W0 PTBGOO064LA-A
(4 x 4 mm, 0.4 mm pitch) R5F11PLFABG

48 pins | 48-pin plastic LFQFP A RSF1INGGAFB, #10, #30, #50, #70 | PLQP0O048KB-B
(7 x 7 mm, 0.5 mm pitch) RSF1INGFAFB

80 pins 80-pin plastic LFQFP D R5F11RMGDFB #10, #30, #50, #70 PLQPO080OKB- B
(12 x 12 mm, 0.5 mm pitch)

Remark 1. Products (R5F11PL) in 64-pin TFBGA have the same functionality as those (R5F11NG) in 48-pin LFQFP. The only

difference is the package.

Remark 2. For the fields of application, refer to Part Number, Memory Size, and Package.

R0O1DS0318EJ0111 Rev. 1.11

Mar 22, 2024

RRENESAS

Page 4 of 143



RL78/H1D 1. OUTLINE

Figure 1 - 1 Part Number, Memory Size, and Package of RL78/H1D

<R>

PartNo. RSF11INMGAXXxxFB#30

Packaging specification:
#10, #30, #70: Tray (LFQFP)
#50: Embossed Tape (LFQFP)
#UO0: Tray (TFBGA)
#WO: Embossed Tape (TFBGA)

Package type:
FB: LFQFP, 0.50 mm pitch
BG: TFBGA, 0.40 mm pitch

ROM number (Omitted with blank products)

Fields of application:
A: Consumer applications, TA =-40 to +85°C
D: Industrial applications, Ta = -40 to +85°C

ROM capacity:
E: 64 KB
F: 96 KB
G: 128 KB

Pin count:
G: 48-pin
L: 64-pin
M: 80-pin

RL78/H1D group

11N: AFE incorporated, LFQFP package

11P: AFE incorporated, TFBGA package

11R: External signal sampler and SMOTD incorporated
Memory type:

F: Flash memory

Renesas MCU

Renesas semiconductor product

Caution  Orderable part numbers are current as of when this manual was published.
Please make sure to refer to the relevant product page on the Renesas website for the latest part numbers.

RO1DS0318EJ0111 Rev. 1.11 RENESAS Page 5 of 143
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RL78/H1D

1. OUTLINE

1.3 Pin Configuration (Top View)

13.1

80-pin products (R5F11NM)

 80-pin plastic LFQFP (12 x 12 mm, 0.5 mm pitch)

O PO07/SI20/RxD2/SDA20/T105/TO05/SEG28

O P06/SO20/TxD2/TI00/SEG27

(O PO5/TI06/TO06/SEG26
O PO03/(SI110/RxD1/SDA10)/TO00/SEG24

O P02/(SO10/TxD1)/PCLBUZO/SEG23
O POL/(INTP5)/SEG22

O Como
O com1
O COM2

O com3

| .O comd4/SEGO
O P51/SI10/RxD1/SDAL0/TI04/TO04/SEGE

O P10/INTP2/SCK20/SCL20/SEG29
O PO4/INTP6/(SCK10/SCL10)/SEG25
O P52/SCK10/SCL10/T102/TO02/SEG5
O P50/SO10/TxD1/TI03/TO03/SEG7

O COMSISEGL
O COMS6ISEG2
O COM7/SEG3
O P53/(INTPO)/SEG4

P11/SEG300+~— 61
P12/SEG31O+—+ 62
P13/SEG320~—| 63
P14/SEG330~—>{ 64
P15/SEG34O+—>{ 65
P16/SEG35O0+—*| 66

P17/(TI07/TO07) O~—+| 67
P84/(TI05/T005) O~—| 68

P85/INTP7 O+~—| 69

P86/(INTP6) O—{ 70

ANI12O—— 71
ANIL3O— 72
ANIZ4O— 73
AVss O— 74
AMPOO O~—— 75

AMPON/AMPOP O—~ 76

Caution 1.
Caution 2.
Caution 3.
Caution 4.
Caution 5.

Remark 1.
Remark 2.

Remark 3.

AMPOP O————~ 77
PGA0OP O———~{ 78
PGAOON O———~ 79

SBIASO~— 80

60 5958 57 56 55 54 53 52 51 50 49 48 4746 45 4443 42 41

RL78/H1D
(Top View)

O

Connect the REGC pin to Vss pin via a capacitor (0.47 to 1 pF).
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Connect the REGA pin to AVss pin via a capacitor (0.22 pF).
Make the AVss pin the same potential as the Vss pin.
Make the AVDD pin the same potential as the VbD pin.
Connect the SBIAS pin to AVss pin via a capacitor (0.22 pF).

For pin identification, see 1.4 Pin Identification.
Functions in parentheses in the above figure can be assigned via settings in the peripheral I/O redirection registers 0 to 3
(PIORO to PIOR3).
Set the AMPOP and AMPON functions in the above figure by the amplifier unit 1 input select register (AMPOS).

P70/SEG8

P71/SEG9

P72/SEG10

P73/SEG11

P74/SEG12

P75/SEG13

P76/SEG14
P77/TI07/TO07/SEG15
P30/INTP3/RTC1HZ/SEG16
P31/TI01/TO01/SEG17
P32/INTP4/SSIO0/SEG18
P35/SCK00/SCLO0/SEG19

P36/S100/RxDO/TOOLRXD/SDA00/PCLBUZ1/SEG20

P37/SO00/TxDO/TOOLTXD/SEG21
P125/(TI06/TO06)/VL3

Vi

Viz

Vu

P126/(TI05/TO05)/CAPL
P127/(T104/TO04)/CAPH

R0O1DS0318EJ0111 Rev. 1.11
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RL78/H1D 1. OUTLINE

1.3.2 64-pin products (R5F11NL)

* 64-pin plastic LFQFP (10 x 10 mm, 0.5 mm pitch)
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RESET O——{ @
O—| @
REGC O—— K

Vss O———

Voo O—
P60/(INTP3)/SCLA0 O~—
P61/(INTP4)/SDAA0 O~—+ 5

P124/XT2/EXCLKS O—— ~
P123/XT1

P137/INTPO0 O———{ ©

P122/X2/EXCLK/INTP5 O——~ 5
P121/X1/INTP1L O— B

P82/(TI07/TO07) O

P83/(TI03/TO03)/(PCLBUZL) O=—nl »
P40/TOOLO/(INTPL)/(TIOL/TO01) O o

Caution 1. Connect the REGC pin to Vss pin via a capacitor (0.47 to 1 pF).
Caution 2. Connect the REGA pin to AVss pin via a capacitor (0.22 uF).
Caution 3. Make the AVss pin the same potential as the Vss pin.

Caution 4. Make the AVDD pin the same potential as the VDD pin.

Caution 5. Connect the SBIAS pin to AVss pin via a capacitor (0.22 uF).

Remark 1. For pin identification, see 1.4 Pin Identification.

Remark 2. Functions in parentheses in the above figure can be assigned via settings in the peripheral I/O redirection registers 0 to 3
(PIORO to PIORS3).

Remark 3. Set the AMPOP and AMPON functions in the above figure by the amplifier unit 1 input select register (AMPOS).
Set the AMP1P and AMP1N functions in the above figure by the amplifier unit 2 input select register (AMP1S).
Set the AMP2P and AMP2N functions in the above figure by the amplifier unit 3 input select register (AMP2S).

RO1DS0318EJ0111 Rev. 1.11 RENESAS Page 7 of 143
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RL78/H1D 1. OUTLINE

1.3.3 64-pin products (R5F11PL)

* 64-pin plastic TFBGA (4 x 4 mm, 0.4 mm pitch)

Top View Bottom View
8 O0O00O000O0
7 OO0OO0OO0O0O00O0
6 OQO0OO0OOOO00OO0
5 OO0OO0OO0O00O0O
4 (OXONONONCROXOXO)
3 OO0OO0OO0O0O00O0
2 OO0OO0OOO0OO00O0O
? 1 OOOOOOOOA
\A:CDEFGH HGFEDGCEBA
INDEX MARK
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RL78/H1D 1. OUTLINE
A B C D E F G H
Vss P71/(T105/ P77/TI07/ P35/SCKO00/ | P36/S100/ P61/(INTP4)/ | VDD Vss
TOO05) TOO07 SCLOO0 RxDO0/ SDAAO
TOOLRXD/ 8
SDAO00/
PCLBUZ1
P50/SO10/ | P51/SI10/Rx |P76/(TI06/ P32/INTP4/ |P37/SO00/ |P60/(INTP3)/ |Vss P121/X1/
TxD1/TI03/ | D1/SDA10/ |TOO06) SSI00 TxDO/ SCLAO INTP1 7
TOO03 TI04/TO04 TOOLTxD
P53/(INTPO) | P52/SCK10/ | P70 P30/INTP3/ |Vss RESET REGC P122/X2/
SCL10/TI102/ RTC1HZ EXCLK/ 6
TO02 INTP5
P02/(SO10/ | PO3/ANI8/ PO4/ANI9/IN | PO1/(INTP5) |Vss P40/TOOLO/ | P137/INTPO |P123/XT1
TxD1)/ (SI10/RxD1/ | TP6/(SCK10/ (INTP1)/TIO1 5
PCLBUZO SDA10)/ SCL10) /TOO01
TOO00
PO5/ANI10/ | PO7/SI20/ P06/SO20/ | P10/INTP2/ |Vss Vss Vss P124/XT2/
TI06/TO06 RxD2/ TxD2/TI00 SCK20/ EXCLKS 4
SDA20/ SCL20
TI05/TO05
AMP10 AVss AVss AVss AVss AVss REGA AVDD
3
AMP20 AMP1N/ PGA11P/ PGA11N/ AMPON/ AVss AVss SBIAS
AMP1P/ PGAO1P PGAOIN AMPOP 2
AMPOP
AVss AMP2N/ PGA10 AVss AMPOO PGA10P/ PGA10N/ SBIAS
AMP2P/ PGAOOP/ PGAOON/ 1
AMP1P AMP1P AMP2P
A B C D E F G H
Caution 1. Connect the REGC pin to Vss pin via a capacitor (0.47 to 1 pF).
Caution 2. Connect the REGA pin to AVSs pin via a capacitor (0.22 pF).
Caution 3. Make the AVss pin the same potential as the Vss pin.
Caution 4. Make the AVDD pin the same potential as the VDD pin.
Caution 5. Connect an SBIAS pin (either of two) to the AVss pin via a capacitor (0.22 pF).
Remark 1. For pin identification, see 1.4 Pin Identification.
Remark 2. Functions in parentheses in the above figure can be assigned via settings in the peripheral I/O redirection registers 0, 1,
and 3 (PIORO, PIOR1, and PIOR3).
Remark 3. Set the AMPOP and AMPON functions in the above figure by the amplifier unit 1 input select register (AMPOS).

Set the AMP1P and AMP1N functions in the above figure by the amplifier unit 2 input select register (AMP1S).
Set the AMP2P and AMP2N functions in the above figure by the amplifier unit 3 input select register (AMP2S).
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RL78/H1D 1. OUTLINE

1.3.4  48-pin products (R5F11NG)

* 48-pin plastic LFQFP (7 x 7 mm, 0.5 mm pitch)
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Caution 1. Connect the REGC pin to Vss pin via a capacitor (0.47 to 1 pF).
Caution 2. Connect the REGA pin to AVss pin via a capacitor (0.22 pF).
Caution 3. Make the AVss pin the same potential as the Vss pin.

Caution 4. Make the AVDD pin the same potential as the VDD pin.

Caution 5. Connect the SBIAS pin to AVss pin via a capacitor (0.22 pF).

Remark 1. For pin identification, see 1.4 Pin Identification.

Remark 2. Functions in parentheses in the above figure can be assigned via settings in the peripheral I/O redirection registers 0, 1,
and 3 (PIORO, PIOR1, and PIOR3).

Remark 3. Set the AMPOP and AMPON functions in the above figure by the amplifier unit 1 input select register (AMPOS).
Set the AMP1P and AMP1N functions in the above figure by the amplifier unit 2 input select register (AMP1S).
Set the AMP2P and AMP2N functions in the above figure by the amplifier unit 3 input select register (AMP2S).

RO1DS0318EJ0111 Rev. 1.11 RENESAS Page 10 of 143
Mar 22, 2024



RL78/H1D 1. OUTLINE

1.3.5 80-pin products (R5F11RM)

* 80-pin plastic LFQFP (12 x 12 mm, 0.5 mm pitch)
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P14/TRJIO1L/SEG33 O~—+ 64 37 O P73/SEG11
P15/TRJIO0/SEG34 O~—| 65 36 O P74/SEG12
P16/SMO0/SEG35 O+ 66 35 O P75/SEG13
P17/SMO1 O~— 67 34 O P76/SEG14
P84/SMO2 O+—| 68 33 O P77/TI07/TO07/SEG15
P85/SMPO/EXSDI0 O+—{ 69 32 O P30/RTCIHZ/SEG16
P86/SMP1/EXSDI1O~—— 70 RL78/H1D 31 O P31/TI0L/TO01/SEGL7
P150/SMP2C~— 71 - 30 O P32/SSI00/SEG18
P151/SMP3 O~——| 72 (TOp VleW) 29 O P35/SCKO0/SCLOO/SEG19
P20/SMP4O~— 73 28 O P36/SI00/RXDO/TOOLRXD/SDAQ0/PCLBUZ1/SEG20
AVss O—— 74 27 O P37/S000/TXDO/TOOLTXD/SEG21
P21/SMP5 O+—{ 75 26 O P125/(TI06/TO06)/V1L3
P22/INTP7 O~—| 76 25 O Vi
P23/INTP6 O+ 77 24 O v
P24/(INTP5) O+—| 78 23 O vu
P25/INTP4 O 79 22 [«—~0 P126/(TI05/TO05)/CAPL
P26/INTP3 O soO 21 O P127/(TI0O4ITO04)/CAPH
123 456 7 891011121314151617181920
N ooOoOHd O oOOoOSSFNHIELA0O 2 2 0Q
EJccsNzeg|uzEBEEg28=2
z<orxpg22LRlwudaBzzy og
= FEXTB0oE|lg xS = % 57%]
s =>03dxxg"dosyg 33
N o4 =] L4 oadX
o o8 =xa29-= N 203 © ©
00558 £ EXJ T a
EESSEds £ zuyg
S X £ 8 S S S N
g a
£8528380 o 2%
sceigge v &Y
dcs@3Isc o
XN QO oxX
E< SO0 » 9
S0k =@
0238 g3
gofe °3
SES® o
@ = =
928 g
28 a
S a
b
a

Caution 1. Connect the REGC pin to Vss pin via a capacitor (0.47 to 1 pF).
Caution 2. Make the AVss pin the same potential as the Vss pin.
Caution 3. Make the AVDD pin the same potential as the VDD pin.

Remark 1. For pin identification, see 1.4 Pin Identification.
Remark 2. Functions in parentheses in the above figure can be assigned via settings in the peripheral I/O redirection registers 0 to 3
(PIORO to PIOR3).
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RL78/H1D

1. OUTLINE

1.4 Pin Identification

AMPON to AMP2N
AMPOP to AMP2P
AMPOO to AMP20
ANI8 to ANI14
AVDD

AVss

CAPH, CAPL
COMO to COM7
EXCLK

EXCLKS

EXSDIO, EXSDI1
EXSDOO0, EXSDO1

INTPO to INTP7
PO1 to P07
P10 to P17
P20 to P27
P30 to P32,
P35 to P37
P40, P43, P44
P50 to P53
P60 to P61
P70 to P77
P80 to P86
P121 to P127
P137

P150, P151

PCLBUZO0, PCLBUZ1

PGAOON, PGAO1N
PGA10N, PGA11N
PGAOQOOP, PGAO1P
PGA10P, PGA1l1P
PGA10

:OP AMP Negative Input

:OP AMP Positive Input

:OP AMP Output

:Analog Input

:Analog Power Supply

:Analog Ground

:Capacitor for LCD

:LCD Common Output

:External Clock Input

(Main System Clock)

:External Clock Input

(Sub System Clock)

:External Sampling Input

:External Sampling Clock
Output

:External Interrupt Input

:Port 0

‘Port1

:Port 2

:Port 3

‘Port 4
:Port5
:Port 6
:Port 7
:Port 8
:Port 12
:Port 13
:Port 15

:Programmable Clock Output/

Buzzer Output

:PGA Negative Input

:PGA Positive Input

:PGA Output

REGA

REGC

SBIAS

RESET

RTC1HZ

RxDO0 to RxD2, RxDMGO
SCKO00, SCK10, SCK20,
SCLAO

SCLO0, SCL10, SCL20
SDAAO, SDA00, SDA10,
SDA20

SEGO to SEG35

SI00, SI10, SI20

S000, SO10, SO20
SSI00

SMPO to SMP5

SMOO0 to SMO2

TI00 to TIO7

TOO00 to TO07,TRJOO, TRJO1

TOOLO
TOOLRxD, TOOLTxD

TRJIOO, TRJIO1

TxDO to TxD2, TXDMGO
VDD

VL1 to VL4

Vss

X1, X2

XT1, XT2

:Regulator Capacitance for
Analog

:Regulator Capacitance

:Reference Voltage Output

‘Reset

:Real-time Clock Correction

‘Receive Data

:Serial Clock Input/Output

:Serial Clock Input/Output

:Serial Clock Output

:Serial Data Input/Output

:LCD Segment Output

:Serial Data Input

:Serial Data Output

:Slave Select Input

:Sampling Input

:Sampling Clock Output

:Timer Input

:Timer Output

:Data Input/Output for Tool

:Data Input/Output for

External Device

:Timer Input/Output

:Transmit Data

:Power Supply

:LCD Power Supply

:Ground

:Crystal Oscillator

(Main System Clock)

:Crystal Oscillator
(Subsystem Clock)

R0O1DS0318EJ0111 Rev. 1.11

Mar 22, 2024
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RL78/H1D 1. OUTLINE

15 Block Diagram

1.5.1  80-pin products (R5F11NM)

TIMER ARRAY
e T S
TO00 =— PORT 1 B) P10to P17
P30 to P32,
K~ PORT3 K& pas to a7
Toaroee =
K PORT 4 K2 P40, P43, P44
C> K “ PS50 to P53
e
TI0S/TO05 =—| s K PORT 6 KZ,) 6o, P61
TI06/TO06 =— ch6 K= PORT 7 K> Proto P77
INT
RL78 CPU CORE
TI07/T007 =—1 a7 - PORT 8 K> peoto Pes
MULTIPLIER &
DIVIDER, DATA TRANSFER o125 10127
8-BIT INTERVAL MULITIPLY- CCONTROL - rn to
TIMER UNITO(2ch) ACCUMULATOR ZP121t0 P124
RAM
0 KD PorT13 p137

POWER ON
TOW-SPEED RESET/ POR/LVD
P | | VOLTAGE CONTROL
OSCILLATOR DETECTOR
Voo Vss TOOLRXD,
TOOLTXD
S SERIAL SDAND
INTERFACE IICA0 scLAo ON-CHIP DEBUG TOOLO
SYSTEM ESET
SERIAL ARRAY CONTROL "
UNITO (4 ch) o
RxD0 ——¢
THDO ——1 UARTO
RxD1 ——¢
™01 ’—:l URRTL
SCKOO ==—tsf

VOLTAGE
REGULATOR REGC
Csloo
5000 =—H (SP1) <:
INTERRUPT
S00—1 - o K3 wreo o inTe7

K~
SCK10 =
5110 —| csi1o
S010 =— K CRC
ScLoo— 11c00
BUZZER OUTPUT
e ] e
CLOCK OUTPUT PCLBUZL
CONTROL
SERIAL ARRAY
UNITI (2 ch) N EveNT LG
RxD2 ——¢ CONTROLLER
TXD2 -] UART2
ScK20=— BCD
= S
5020 ~—1
s =

SEG O to SEGssd LCD
<& CCONTROLLER/
DRIVER

como to comr (e K —
VitoVu—] | RAM SPACE
S FOR LCD DATA

cAPL —

10bit (T ANI2to ANILA
<] w0 converrer

—A Delta-Sigma
AID converter PGAO Input
(24bit) 1 Mux

‘ (PGAD) ————— PGAOON

[————————— PGAOOP

AMPOO

AFE

Voltage
Regulator

OPAMP (ich)
AMPOP

AMPO AMPON/AMPOP

Mux

@mP)

REGA

SBIAS

DIA converter (1ch)

AVDD  AVsS

RO1DS0318EJ0111 Rev. 1.11 RENESAS Page 13 of 143
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RL78/H1D

1. OUTLINE

15.2

64-pin products (R5F11NL)

TIMER ARRAY
UNITO (8 ch) <= “ P03,P05,P06,PO7
B o ]
Te00 - PORT 1 KEHP10t0PLIS
P3010 P32,
<~ PORTS3 = P35 to P37
- PORT 4 KT >Pa0
o Jemdrern
PORT 6 P60, P61
rostoos e s _rome [
TIOB/TO06 ~—T ch6 K~ n P70,P71,P76, P77
RL78 CPU CORE
TI07/TO07 =—1 K= PORT 8 K=Z> ps2, Pe3
MULTIPLIER &
DIVIDER,
8-BIT INTERVAL MULITIPLY: - ﬁ» P125 to P127
TIMER UNITO(2ch) ACCUMULATOR KZJpi12110P124
RAM

ch 01

TOW-SPEED WINDOW
ON-CHIP WATCHDOG
OSCILLATOR TIMER

-
El
=
m
i

POR/LVD
CONTROL

Mook TOOUJ
RTCLHZ: cLockz
systEM | REsEr
SERIAL ARRAY CONTROL RESET
UNITO (4 ch) X1
l—— X2/ExcLK
ROO —
T -] UARTO %71
il XT2/EXCLKS
ey UARTL
VOLTAGE
sc REGULATOR REGC
csioo
S000=—H PI)
_Soo0 INTERRUPT
S509— D oo KT NP0 o NTPS
SCK1D=—]
oto—]
=
scLoe—| 11c00
BUZZER OUTPUT
scL10=—
SDA10=—] lic1o KA ) rceuz
CLOCK OUTPUT
CONTROL
SERIAL ARRAY
UNITL (2 ch) EVENT LINK
RD2 —| K~ contRoLLER
o UART2
SCK2D=— BCD
e ol |
S020=—
SCL20=—]
ST e ]

SEGO t0SEG3, SEG5 10
SEGY, SEGL410 SEG21, LCD
SEG24, SEG2610 SEG34 CONTROLLER/

COMO to COM7

DRIVER

Vuto Vi
%ﬁz’: @ 10bit (:ZI ANI8,ANI10,ANILL
AID CONVERTER
A\ Deta-Sigma
AD converter [ PGAO Input
\N—V (240t) I Mux
(PGAO)
1 AMP20
AMP10
AMP0O
PGAIO
PGALOP / PGAOOP / AMP1P
L] poar [T mou PGALON/ PGAOON / AMP2P
l—4— Mux
(PGA)
REGA OPAMP (3ch)
( p —| AMPO
N— f AMPON/ AMPOP
Input
Sensor Bias AMPL
- f Mux AMPIN/ AMP1P / AMPOP
(AMP)
SBIAS
Az | AMP2N/ AMP2P / AMP1P
DIA converter (2ch)
AVOD  AVss DA
—N R2R)
DACL

RO1DS0318EJ0111 Rev. 1.11
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RL78/H1D 1. OUTLINE

1.5.3 64-pin products (R5F11PL), 48-pin products (R5F11NG)

TIMER ARRAY
UNITO (8 ch) - PORT 0 (> POl to PO7
TI00 — cho
= = I
TI01/T001 =—] ch1
P30,P32,
= =D st
TI02/T002 =—] chz
- PORT 4 2
TIO3/TO03 ~—1 ch3
- - PORTS (> P50 to P53
TI04/T004 =—] cha DATA
FLASH
MEMORY
TI06/TO06 =—1, ch6 - PORT 7 (2> P70,P71,P76,P77
RL78 CPU CORE
TIO7/TO07 ~—1 ch7
(—~)| PorT12 7] P121to P124
MULTIPLIER & N
DIVIDER,
8-BIT INTERVAL MULITIPLY -
TIMER UNITO(2ch) ACCUMULATOR - PORT 13 P137
chol
POWER ON
LOW-SPEED WINDOW RESET/ POR/LVD
ON-CHIP WATCHDOG | VOLTAGE CONTROL
OSCILLATOR TIMER DETECTOR

Voo Vss TOOLRXD,
TOOLTXD

RESET CONTROL

12- BIT INTERVAL
TIMER

SERIAL SDAAD

E
m
>
Fl
=
m

INTERFACE ICAD ScLAo K )| ON-CHIP DEBUG TooLo
RTC1HZ cLock2
SYSTEM |=—— RESET
SERIAL ARRAY CONTROL
UNITO (4 ch) X1
RxDO e le—— X2/EXCLK
posm u ISR xm
RxD1 — XT2/EXCLKS
TxD1 UARTL
VOLTAGE
s Reee
csloo
S0 o K
Ss100 =1 - conTrOL  [QL—] INTPO to INTP6&
SCK10 +—]
110 —| cslio
5010 +— - CRC
SCLOO =—1p
SDA00 -—| !icoo
BUZZER OUTPUT
Somo ] 7y rosum
CLOCK OUTPUT PCLBUZL
CONTROL
SERIAL ARRAY
UNITL @2 ch) | EvenTLnk
RxD2 —— UART2 CONTROLLER
TXD2 ~—|
SCK20 =—
S120 — Csl20
S020=~—1
SCL20 -—1p
2DA20 lic20 -

<:> 10bit {3 ANB o ANILO

AID CONVERTER

AN Delta-Sigma s
AD converter PGAO
l+— — M Je—
NV (24bit) e
T AMP20
AMP10
AMPOO
PGAIO
PGALOP / PGAOOP / AMPLP
AFE L poar [T teu PGALON / PGAOON / AMP2P
Voltage e Mux PGALLP/PGAOLP
Reguator FerD PGALLN/PGAOLN
PAMP h)
REGA of (3ch)
A\
AMPO
N—V | AMPON / AMPOP

Input
AWPL [ AMPIN / AMPLP / AMPOP

Mux
(AvP)

SBIAS AwP2 |
AMP2N / AMP2P / AMP1P

DI/Aconverter (2ch)

AVDD  AVss
AN DACD
hit R-2R)
DACL
(1bit R-2R)

Remark  64-pin products (R5F11PL) have the same functionality as 48-pin products (R5F11NG). The only difference is the
package.
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RL78/H1D 1. OUTLINE

1.5.4  80-pin products (R5F11RM)

TIMER ARRAY
UNITO (8 ch) - PORT 0 K—7T—> Po1 to PO7
TI00 — ho
TO00 = - PORT 1 KB D>Pioto P17
TI0L/TO01 =—r ch1
- PORT 2 KB P20 to P27
TI02/TO02 =— ch2
= I == die
TI03/TO03 =—1 ch3
C> - PORT 4 K2~ P40, P43, Pas
TI04/TO04 =— ch4
- PORT 5 K2 P50 to P53
TI05/TO05 <—i chs
- PORT 6 K—Z_> peo, P61
RL78 CPU CORE - PORT 7 8 P70 to P77
TI07/TO07 =—| ch7 K
MULTIPLIER &
DIVIDER, K~ PORT 8 K> Psoto P86
8-BIT INTERVAL Ac’gﬁkm&:oya
TIMER UNITO(2ch)
P125 to P127
o o (2
C:> 7] P121 to P124
]
- PORT 13 P137
8-BIT INTERVAL
TIMER UNIT1(2ch) | | |
PORT 15 P150,P151
= AVoo, AVss, TOOLRXD, ~_”
8-BIT INTERVAL C:> SERIAL | «— spAAD
TIMER UNIT2(2ch) INTERFACE [ICA0 |«——= SCLAO
ch 20 POWER ON
VOLTAGE CONTROL
- TIMERRJ  [=— TRJIOO
UNITO
WINDOW —= TRIOO

o WATCHDOG
OSCILLATOR TIMER

RESET CONTROL

~—= TRIIO1
12- BIT INTERVAL TI[TEFMRJ K| ON-CHIP DEBUG TOOLO
—= TrRIO1
SYSTEM l— Reser
CONTROL
X1
cLocK2 HIGH-SPEED | le—— X2/EXCLK
RTC1HZ
[~— Exspio ON-CHIP 11
- EXTERNAL SIGNAL|~—— Exspi1 OSCILLATOR P/EXCLKS
SERIAL ARRAY SAMPLER | — EXSDO0
UNITO (4 ch) —
VOLTAGE
RXDO ——=| UARTO REGULATOR REGC
‘;xDDti—— le—— smPo
XD1—— l—— smp1 INTERRUPT
UARTL
— l—— smp3
SCK00 =—7= SMOTD(6ch)  |=—— awipa
5100 — = Ccs100 . Py
SO00 =— (sP1) - —= smo0 K= cRe
SS100 — —= smo1
—= smo2
Sckio BUZZER OUTPUT
120 — csi1o o . PCLBUZO,
5010 =— CLOCK OUTPUT PCLBUZ1
SCLO0 =—1| 100 CONTROL
SDAQ0 =— C> UARTMG |=—— RxDMGO
SCL10=+— ot TAOMGO (| EVENT Link
SDA10 ~— — CONTROLLER
= BCD
SERIAL ARRAY ADJUSTMENT
UNITL (2 ch)
?igi__ UART2
10bit 3 ANI8 to ANI10
SCK20 =T <=D| b converTeR
5120 — csi20
S020 =+
a9
1c20
SR wew ]
SEGO to SEG35 ] LCcD
CONTROLLER/
DRIVER
como to comr<E] K>
RAM SPACE
Vi to Vs ™ FOR LCD DATA
CAPH—
CAPL L
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RL78/H1D

1. OUTLINE

1.6 Outline of Functions

(1/3)
80-pin LFQFP | 64-pin LFQFP | 64-pin TFBGA 80-pin LFQFP
48-pin LFQFP
Item R5F11NMXx R5F11NLXx R5F11PLX, R5F11RMG
(x=EtoG) (x=F G) R5F11NGx
(x=FG)

Code flash memory (KB) 64 to 128 96 to 128 96 to 128 128
Data flash memory (KB) 4 4 4 4
RAM (KB) 55 5.5 5.5 8
Memory space 1 MB

Main system clock

High-speed system clock

X1 (crystal/ceramic) oscillation, external main system clock input (EXCLK)

1to 20 MHz: Vbb =2.7t0 5.5V,
1to 8 MHz: VoD =2.410 2.7V

1to 20 MHz: Vbb=2.7t05.5V,
1to 8 MHz: VoD =1.810 2.7V

High-speed on-chip
oscillator clock

HS (high-speed main) operation mode: 1 to 24 MHz
(VDD =2.71t0 5.5 V),
HS (high-speed main) operation mode: 1 to 16 MHz
(VoD =2.4105.5V)

HS (high-speed main) operation mode:
1to 24 MHz (VbD = 2.7 t0 5.5 V),

HS (high-speed main) operation mode:
1to 16 MHz (VDD = 2.4 t0 5.5 V),

LS (low-speed main) operation mode:
1to 8 MHz (VbD =1.8t0 5.5 V)

Subsystem clock

XT1 (crystal) oscillation, external subsystem clock input (EXCLKS)

32.768 kHz (TYP.): VDD =2.4t0 5.5V

32.768 kHz (TYP.): VDD =1.8t0 5.5V
38.4 kHz (TYP.): VDD =1.8t0 5.5V

Low-speed on-chip oscillator clock

15 kHz (TYP): VDD = 2.4 10 5.5 V

15 kHz (TYP): VDD = 1.8 t0 5.5 V

General-purpose register

8 bits x 32 registers (8 bits x 8 registers x 4 banks)

Minimum instruction execution time

0.04167 ps (High-speed on-chip oscillator clock: fiH = 24 MHz operation)

0.05 ps (High-speed system clock: fMx = 20 MHz operation)

30.5 ps (Subsystem clock: fsus = 32.768 kHz operation)

Instruction set

« Data transfer (8/16 bits)
« Adder and subtractor/logical operation (8/16 bits)

« Multiplication (8 bits x 8 bits, 16 bits x 16 bits), Division (16 bits + 16 bits, 32 bits + 32 bits)
« Multiplication and Accumulation (16 bits x 16 bits + 32 bits)
« Rotate, barrel shift, and bit manipulation (Set, reset, test, and Boolean operation), etc.

1/0 port Total 53 36 29 63
CMOS I/0 46 29 22 56
CMOS input 5 5 5 5
CMOS output — — — —
N-ch open-drain I/O
2 2 2 2
(6 V tolerance)
R01DS0318EJ0111 Rev. 1.11 RENESANS Page 17 of 143
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RL78/H1D 1. OUTLINE
(2/3)
80-pin LFQFP | 64-pin LFQFP | 64-pin TFBGA 80-pin LFQFP
48-pin LFQFP
Item R5F11NMx R5F11NLx R5F11PLX, R5F11RMG
(x=EtoG) (xX=F, G) R5F1LNGxX
(x=F0G)
Timer 16-bit timer TAU 8 channels (Timer outputs: 8, PWM outputs: 7 Note 1)

8-bit or 16-bit interval
timer

2 channels (8 bits)/1 channel (16 bits)

6 channels (8 bits)/3 channels (16 bits)

Watchdog timer 1 channel
12-bit interval timer 1 channel
Real-time clock 2 1 channel
RTC output 1

1 Hz (subsystem clock: fsus = 32.768 kHz)

16-bit timer RJ

2 channels, timer outputs: 2

External signal sampler

Sampling output timer
detector (SMOTD)

Input: 6 channels
Output: 3 channels

Clock output/buzzer output

2

1

2

¢ 2.44 kHz, 4.88 kHz, 9.77 kHz, 1.25 MHz, 2.5 MHz, 5 MHz, 10 MHz

(Main system clock: fMAIN = 20 MHz operation)
« 256 Hz, 512 Hz, 1.024 kHz, 2.048 kHz, 4.096 kHz, 8.192 kHz, 16.384 kHz, 32.768 kHz
(Subsystem clock: fsus = 32.768 kHz operation)

8/10-bit resolution
A/D converter

Internal

3 channels

External

2 channels: Internal reference voltage (1.45 V), temperature sensor output voltage (only selectable

in HS (high-speed main) mode)

24-bit AX A/D converter with programmable gain
instrumentation amplifier 0 (PGAO)

Analog input:
1 channel
(differential or
single-ended)

Analog input:
1 channel
(differential or
single-ended),
3 channels
(single-ended)

Analog input:
2 channels
(differential or
single-ended),
3 channels
(single-ended)

D/A converter

12-bit 1 channel (with | 1 channel (with
an output an output
— amplifier but no | amplifier but no —
external output | external output
pin) pin)
8-bit 1 channel 1 channel 1 channel
(without an (without an (without an

output amplifier
and no external

output amplifier
and no external

output amplifier
and no external

output pin) output pin) output pin)
Programmable gain instrumentation amplifier 1
— 1 channel 1 channel —
(PGAL)
Rail-to-rail operational amplifier 1 channel 1 channel 1 channel —
General-purpose operational amplifier — 2 channels 2 channels —

Serial interface

« Simplified SPI(CSI)(SPI supported): 1 channel/UART (LIN-bus supported): 1 channel/simplified

12C: 1 channel

« Simplified SPI(CSI): 1 channel/lUART: 1 channel/simplified I2C: 1 channel
« Simplified SPI(CSI): 1 channel/lUART: 1 channel/simplified 12C: 1 channel

12C bus

1 channel

1 channel

Serial interface UARTMG

1 channel

R0O1DS0318EJ0111 Rev. 1.11
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RL78/H1D 1. OUTLINE

(313)
80-pin LFQFP | 64-pin LFQFP | 64-pin TFBGA 80-pin LFQFP
48-pin LFQFP
Item R5F11NMx R5F11NLx R5F11PLX, R5F11RMG
(x=Eto G) (x=F G) R5F11INGXx
(x=FG)
LCD controller/driver Internal voltage boosting method, capacitor split method, and external resistance division method
are switchable.
Segment signal output 36 (32) Note 2 27 (23) Note 2 — 36 (32) Note 2
Common signal output 4 (8) Note 2 4 (8) Note 2 — 4 (8) Note 2
Data transfer controller (DTC) 26 sources 24 sources 25 sources 35 sources
Event link controller (ELC) Event input: 20, | Event input: 18, | Event input: 19, | Event input: 26, Event trigger output: 5
Event trigger Event trigger Event trigger
output: 7 output: 10 output: 10
Vectored interrupt Internal 29 29 29 43
sources
External 8 6 7 8
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 Note 3
« Internal reset by RAM parity error
« Internal reset by illegal-memory access
Power-on-reset circuit » Power-on-reset: 1.51 +0.04 V
« Power-down-reset: 1.50 £0.04 V
Voltage detector « Rising edge: 2.50 V to 4.06 V (9 stages) « Rising edge: 1.88 V to 4.06 V (12 stages)
 Falling edge: 2.45 V to 3.98 V (9 stages) « Falling edge: 1.84 V to 3.98 V
(12 stages)
On-chip debug function Provided
Power supply voltage VDD =2.41t055V Vbbb =1.8t055V
(10-bit SAR A/D converter: 2.4 to 5.5 V, operating
voltage of the analog front-end (AFE): 2.7 to 5.5 V)
Operating ambient temperature TA = -40 to +85°C (A: Consumer applications) TA = -40 to +85°C
(D: Industrial applications)
Note 1. The number of outputs depends on the setting of channels in use and the number of the master.
Note 2. The number in parentheses indicates the number of signal outputs when 8 coms are used.
Note 3. The illegal instruction is generated when instruction code FFH is executed.
Reset by the illegal instruction execution not is issued by emulation with the in-circuit emulator or on-chip debug
emulator.
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RL78/H1D 2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P)
(A: TA = -40 to +85°C)

This chapter describes the electrical specifications for the products A: Consumer applications (TA = -40 to +85°C).

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

Caution 2. The pins mounted depend on the product. Refer to 2.1 Port Function to 2.2 Functions other than port
pins in the User’s Manual: Hardware.
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RL78/H1D 2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

2.1 Absolute Maximum Ratings

Absolute Maximum Ratings (2/3)
Parameter Symbols Conditions Ratings Unit
Supply voltage VDD -0.5t0 +6.5 \%
AVDD | AVDD = VDD -0.5t0 +6.5 \Y
AVss AVss = Vss -0.5t0 +0.3 \
REGC pin input voltage VIREGC |REGC -0.3to +2.8 Vv
and -0.3 to Vpp + 0.3 Note 1
REGA pin input voltage VIREGA | REGA -0.3t0 +2.8 \%

and -0.3 to AVDD + 0.3 Note 2

Input voltage Vi1 P01 to P07, P10 to P17, P30 to P32, P35 to P37, -0.3to VDD + 0.3 Note 3 \%
P40, P43, P44, P50 to P53, P70 to P77,

P80 to P86, P121 to P124, P125 to P127, P137,
EXCLK, EXCLKS, RESET

Vi2 P60, P61 (N-ch open-drain) -0.3to +6.5 Vv

Output voltage Vo1 | PO1to P07, P10to P17, P30 to P32, P35 to P37, -0.3 to VDD + 0.3 Note 3 \Y
P40, P43, P44, P50 to P53, P60, P61,
P70 to P77, P80 to P86, P125 to P127

Analog input voltage VAL ANI8 to ANI11 -0.3to VpD + 0.3 Note 3

VA2 ANI12 to ANI14 -0.3 to AVDD + 0.3 Note 3
PGAOQOOP, PGAO1P, PGA10P, PGA11P,
PGAOON, PGAO1N, PGA10N, PGA1IN,
AMPOP to AMP2P, AMPON to AMP2N

Analog output voltage VOA SBIAS, PGA10, AMPOO to AMP20 -0.3to AVDD + 0.3 Note 3 \%

Note 1. Connect the REGC pin to Vss via a capacitor (0.47 to 1 pF). This value regulates the absolute maximum rating of the
REGC pin. Do not use this pin with voltage applied to it.

Note 2. Connect the REGA pin to AVss via a capacitor (0.22 yF). This value regulates the absolute maximum rating of the REGA
pin. Do not use this pin with voltage applied to it.

Note 3. Must be 6.5 V or lower.

Caution  Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any parameter.
That is, the absolute maximum ratings are rated values at which the product is on the verge of suffering physical
damage, and therefore the product must be used under conditions that ensure that the absolute maximum
ratings are not exceeded.

Remark 1. Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
Remark 2. The reference voltage is Vss (for the VDD systems) = AVss (for the AVDD systems)
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RL78/H1D 2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

Absolute Maximum Ratings (2/3)
Parameter Symbols Conditions Ratings Unit
LCD voltage Vil VL1 input voltage Note 1 -0.3t0 +2.8
VL2 VL2 input voltage Note 1 -0.3t0 +6.5 \%
Vi3 VL3 input voltage Note 1 -0.3to +6.5 \%
Viia VL4 input voltage Note 1 -0.3to +6.5 \%
Viis CAPL, CAPH input voltage Note 1 -0.3to +6.5 \%
VLol VL1 output voltage -0.3to0 +2.8 \%
VL0o2 VL2 output voltage -0.3to +6.5 \Y
VLo3 VL3 output voltage -0.3to +6.5 \%
VLo4 VL4 output voltage -0.3to +6.5 \Y
VLO5 CAPL, CAPH output voltage -0.3to +6.5 \%
VLo6 COMO to COM7 | External resistance division method -0.3to VDD + 0.3 \
SEGO to SEG35 Note 2
output voltage Capacitor split method -0.3to Vbp + 0.3 Vv
Note 2
Internal voltage boosting method -0.3to VL4 +0.3 \%
Note 2

Note 1. This value only indicates the absolute maximum ratings when applying voltage to the VL1, VL2, VL3, and VL4 pins; it does
not mean that applying voltage to these pins is recommended. When using the internal voltage boosting method or
capacitance split method, connect these pins to Vss via a capacitor (0.47 pyF + 30%) and connect a capacitor (0.47 pyF +
30%) between the CAPL and CAPH pins.

Note 2. Must be 6.5 V or lower.

Caution  Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any parameter.
That is, the absolute maximum ratings are rated values at which the product is on the verge of suffering physical
damage, and therefore the product must be used under conditions that ensure that the absolute maximum
ratings are not exceeded.
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RL78/H1D 2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

Absolute Maximum Ratings (3/3)
Parameter Symbols Conditions Ratings Unit
Output current, high loH1 Per pin -40 mA
Total of all | P40, P43, P44, P80 to P83 -70 mA
pins P01 to P07, P10 to P17, P30 to P32, P35 to P37, -100 mA
-170mA | p5g to P53, P70 to P77, P84 to P86, P125 to P127
Output current, low loL1 Per pin 40 mA
Total of all | P40, P43, P44, P80 to P83 70 mA
pins P01 to P07, P10 to P17, P30 to P32, P35 to P37, 100 mA

170 mA | p5g 1o P53, P60, P61, P70 to P77, P84 to P86,
P125 to P127

Operating ambient TA In normal operation mode -40 to +85 °C
temperature In flash memory programming mode
Storage temperature Tstg -65 to +150 °C

Caution  Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any parameter.
That is, the absolute maximum ratings are rated values at which the product is on the verge of suffering physical
damage, and therefore the product must be used under conditions that ensure that the absolute maximum
ratings are not exceeded.

Remark  Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
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RL78/H1D

2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

2.2 Oscillator Characteristics

2.2.1 X1 and XT1 oscillator characteristics
(TA=-40to +85°C,2.4V<AVDD=VDD £5.5V,AVss=Vss=0V)

Parameter Resonator Conditions MIN. TYP. | MAX. | Unit
X1 clock oscillation frequency (fx) | Ceramic resonator/crystal resonator | 2.7V <VDD<55V 1.0 20.0 | MHz
Note 24V<VDD<27V | 1.0 16.0
XT1 clock oscillation frequency Crystal resonator 32 32.768 35 kHz
(fXT) Note
Note Indicates only permissible oscillator frequency ranges. Refer to AC Characteristics for instruction execution time.

Caution

Remark

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

characteristics.

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.

When using the X1 and XT1 oscillator, refer to 5.4 System Clock Oscillator in the User’'s Manual: Hardware.
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RL78/H1D 2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

2.2.2  On-chip oscillator characteristics

(TA =-40to +85°C, 2.4V < AVDD = VDD £5.5V, AVSs =Vss =0 V)

Oscillators Symbol Conditions MIN. | TYP. | MAX. | Unit
High-speed on-chip oscillator clock fiH 27V<VpD<55V 1 24 MHz
frequency Notes 1,2 24V<VDD<2.7V 1 16 | MHz
High-speed on-chip oscillator clock -20 to +85°C 24V <VpD<55V -1.0 +1.0 %
frequency accuracy -40 to +85°C 24V<VDD<55V -1.5 +15 | %
Low-speed on-chip oscillator clock fiL 15 kHz
frequency
Low-speed on-chip oscillator clock -15 +15 %
frequency accuracy

Note 1. High-speed on-chip oscillator frequency is selected with bits 0 to 4 of the option byte (000C2H/010C2H) and bits 0 to 2 of
the HOCODIV register.

Note 2. This only indicates the oscillator characteristics. Refer to AC Characteristics for instruction execution time.
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RL78/H1D 2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

2.3 DC Characteristics

2.3.1 Pin characteristics

(TA=-40to +85°C,2.4V<AVDD=VDD £5.5V,AVss=Vss=0V)

Items Symbol Conditions MIN. | TYP. | MAX. | Unit
Output current, high Note 1| |oH1 Per pin for PO1 to P07, P10 to P17, -10.0 | mA
P30 to P32, P35 to P37, P40, P43, Note 2

P44, P50 to P53, P70 to P77,
P80 to P86, P125 to P127

Total of P40, P43, P44, P80 to P83 40V<VbD<55V -55 mA
(When duty < 70% Note 3) 27V<VDD<4.0V -10 mA
24V <VDD<27V -5 mA
Total of PO1 to P07, P10 to P17, 40V<VbD<55V -69 mA
P30 to P32, P35 to P37, P50 to P53, 27V<VDD<40V 23 mA
P70 to P77, P84 to P86, P125 to P127
24V <VDD<27V -12 mA
(When duty < 709% Note 3)
Total of all pins (When duty < 70% Note 3) | 2.4V <VDD <55V -124 | mA
Note 1. Value of current at which the device operation is guaranteed even if the current flows from the Vb pin (IoH1) to an output
pin.
Note 2. However, do not exceed the total current value.
Note 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%).
« Total output current of pins = (IoH x 0.7)/(n x 0.01)
<Example> Where n =80% and |IoH =-10.0 mA
Total output current of pins = (-10.0 x 0.7)/(80 x 0.01) = -8.7 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.

Caution P02 to P04, P06, P07, P10, P35 to P37, P40, P43, P44, P50 to P52, and P80 to P82 do not output high level in N-ch
open-drain mode.

Remark  Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
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RL78/H1D 2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

(TA=-40to +85°C, 2.4V S AVDD = VDD £5.5 V, AVss =Vss =0 V)

Items Symbol Conditions MIN. | TYP. | MAX. | Unit
Output current, low Note 1| loL1 Per pin for PO1 to P07, P10 to P17, 20.0 mA
P30 to P32, P35 to P37, P40, P43, Note 2

P44, P50 to P53, P70 to P77,
P80 to P86, P125 to P127

Per pin for P60 and P61 15.0 mA
Note 2

Total of P40, P43, P44, P80 to P83 40V<VDD<55V 70 mA
(When duty < 70% Note 3) 2.7V<VDD<4.0V 15 | mA

24V <sVDD<27V 9 mA
P01 to P07, P10 to P17, P30 to P32, 40V<VDD<55V 90 mA
P35 to P37, P50 to P53, P60, P61, 27V=sVpD<4.0V 35 mA
P70 to P77, P84 to P86, P125 to P127 | 24V <VDD< 2.7V 20 mA

(When duty < 70% Note 3)

Total of all pins oo T oa
(When duty < 709% Note 3)

Note 1. Value of current at which the device operation is guaranteed even if the current flows from an output pin to the Vss pin
(loL1).

Note 2. However, do not exceed the total current value.

Note 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%).
« Total output current of pins = (loL x 0.7)/(n x 0.01)
<Example> Where n =80% and loL = 10.0 mA
Total output current of pins = (10.0 x 0.7)/(80 x 0.01) = 8.7 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.

Remark  Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
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RL78/H1D 2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

(TA=-40to +85°C,2.4V<AVDD =VDD £5.5V,AVss=Vss=0V)
Iltems Symbol Conditions MIN. TYP. MAX. Unit

Input voltage, high | ViH1 P01 to P07, P10 to P17, P30 to P32, Normal input buffer | 0.8 Vbb VDD \%
P35 to P37, P40, P43, P44, P50 to P53,
P70 to P77, P80 to P86, P125 to P127

VIH2 For TTL mode supported ports TTL input buffer 2.2 VDD \Y
40V<VDD<55V
TTL input buffer 2.0 VDD \%
3.3V<sVDD<4.0V
TTL input buffer 1.50 VDD \Y
24V <sVDpD<33V

ViH4 P60, P61 0.7 VDD 6.0 \%

VIHs | P121 to P124, P137, EXCLK, EXCLKS, RESET 0.8 Vop VoD

Input voltage, low | ViL1 P01 to P07, P10 to P17, P30 to P32, Normal input buffer 0 0.2 VDD

P35 to P37, P40, P43, P44, P50 to P53,
P60, P61, P70 to P77, P80 to P86,
P125 to P127

ViL2 For TTL mode supported ports TTL input buffer 0 0.8 \%
40V<VDD<55V
TTL input buffer 0 0.5 \%
3.3V<VDD<4.0V
TTL input buffer 0 0.32 \%
24V=<VbD<33V
ViL4 P60, P61 0 0.3 VDD \%
ViLs P121 to P124, P137, EXCLK, EXCLKS, RESET 0 02vop | V

Caution  The maximum value of VIH of pins P02 to P04, P06, P07, P10, P35 to P37, P40, P43, P44, P50 to P52, and P80 to
P82 is VDD, even in the N-ch open-drain mode.

Remark  Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
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RL78/H1D 2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

(TA=-40to +85°C,2.4V<AVDD =VDD £5.5V,AVss=Vss=0V)

Items Symbol Conditions MIN. TYP. | MAX. | Unit
Output voltage, high | VOH1 P01 to P07, P10 to P17, P30 to P32, 40V<Vbbs55YV, | VbD- 15 \Y
P35 to P37, P40, P43, P44, IoH =-10.0 mA
P50 to P53, P70 to P77, P80 to P86, A0V<VDD<55V VDD - 0.7 \V]
P125 to P127 IoH = -3.0 mMA
27V=<Vbb<55V, | VDD-0.6 \%
IoH =-2.0 mA
24V <VbD<55V, | VDD-0.5 \%
IoH =-1.5 mA
Output voltage, low | VoL1 PO1 to PO7, P10 to P17, P30 to P32, 40V<VDD<55YV, 1.3 \Y
P35 to P37, P40, P43, P44, loL =20.0 mA
P125 to P127 oL = 8.5 mA
27V=<VDD<55YV, 0.6 \
loL=3.0 mA
27V<VDD<55YV, 0.4 \%
loL=1.5mA
24V=<VDD<55YV, 0.4 \
loL=0.6 mA
VoL3 P60, P61 40V<VDD<55YV, 2.0 \Y
loL =15.0 mA
40V<VDD=<55YV, 0.4 \
loL=5.0 mA
27V<VDD<55YV, 0.4 \%
loL =3.0 mA
24V<VDD<55YV, 0.4 \
loL=2.0mA

Caution P02 to P04, P06, P07, P10, P35 to P37, P40, P43, P44, P50 to P52, and P80 to P82 do not output high level in N-ch
open-drain mode.

Remark  Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
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RL78/H1D 2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

(TA=-40to +85°C,2.4V<AVDD =VDD £5.5V,AVss=Vss=0V)

Iltems Symbol Conditions MIN. | TYP. | MAX. | Unit
Input leakage ILIH1 PO1 to P07, P10 to P17, P30 to P32, |VI=VDD 1 HA
current, high P35 to P37, P40, P43, P44,

P50 to P53, P60, P61, P70 to P77,
P80 to P86, P125 to P127, P137,
RESET
ILIH3 P121 to P124 (X1, X2, EXCLK, XT1, |Vi=VDD | In input port or 1 HA
XT2, EXCLKS) external clock input
In resonator 10 HA
connection
Input leakage ILiL1 P01 to P07, P10 to P17, P30 to P32, |VI=Vss -1 MA
current, low P35 to P37, P40, P43, P44,
P50 to P53, P60, P61, P70 to P77,
P80 to P86, P125 to P127, P137,
RESET
ILIL3 P121 to P124 (X1, X2, EXCLK, XT1, |Vi=Vss |Ininput port or -1 HA
XT2, EXCLKS) external clock input
In resonator -10 HA
connection
On-chip pull-up | Ru1 P01 to P07, P10 to P17, P30 to P32, |VI=Vss or In input port 10 20 100 kQ
resistance P35 to P37, P40, P43, P44,
P50 to P53, P70 to P77, P80 to P86,
P125 to P127

Remark  Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
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RL78/H1D

2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

2.3.2 Supply current characteristics
(TA=-40to +85°C, 2.4V <AVDD =VDD <55V, AVsSs =Vss =0V) (2/2)
Parameter | Symbol Conditions MIN. | TYP. | MAX. | Unit
Supply IbD1 Operating | HS fiH = 24 MHz Note 3 Basic VoD =5.0V 17 mA
current mode (high-speed main) operation |ypp=3.0V 1.7
Notes 1, Note © mode Note 5 Normal  |VDD=50V 37 | 62
operation  |vpp=3,0V 37 | 6.2
fiH = 16 MHz Note 3 Normal VbD =5.0V 2.8 4.8
operation |vpp=3.0V 28 | 48
HS fmMx = 20 MHz Note 2, Normal Square wave input 3.1 5.2 mA
(high-speed main) | Vob =5.0 V operation | Resonator connection 33 5.3
mode Note 3 fmMx = 20 MHz Note 2, Normal Square wave input 3.0 5.2
VoD =3.0V operation | Resonator connection 3.3 5.3
fMx = 16 MHz Note 2, Normal Square wave input 2.6 4.5
Vbbb =5.0V operation | Resonator connection 2.8 4.6
fMx = 16 MHz Note 2, Normal Square wave input 2.6 4.5
VoD =3.0V operation | Resonator connection 2.8 4.6
fmx = 10 MHz Note 2, Normal Square wave input 1.9 3.0
VoD =5.0 V operation | Resonator connection 1.9 3.0
fmx = 10 MHz Note 2, Normal Square wave input 1.9 3.0
Vbbb =3.0V operation | Resonator connection 1.9 3.0
Subsystem clock | fsup = 32.768 kHz Note 4 | Normal Square wave input 4.3 5.8 HA
operation TA=-40°C operation | Resonator connection 4.6 5.8
fsus = 32.768 kHzNote 4 | Normal Square wave input 43 5.8
TA=+25°C operation | Resonator connection 4.6 5.8
fsu = 32.768 kHzNote 4 | Normal Square wave input 4.5 7.6
TA =+50°C operation | Resonator connection 4.5 7.6
fsus = 32.768 kHzNote 4 | Normal Square wave input 4.7 9.2
TA=+70°C operation | Resonator connection 5.1 9.2
fsu = 32.768 kHzNote 4 | Normal Square wave input 5.2 12.6
TA=+85°C operation | Resonator connection 5.7 12.6
Note 1. Total current flowing into VDD, including the input leakage current flowing when the level of the input pin is fixed to VDD or
Vss. The following points apply in the HS (high-speed main) mode.
*The currents in the “TYP.” column do not include the operating currents of the peripheral modules.
*The currents in the “MAX.” column include the operating currents of the peripheral modules, except for those flowing into
the LCD controller/driver, A/D converter, LVD, I/O port, and on-chip pull-up/pull-down resistors, and those flowing while
the data flash memory is being rewritten.
In the subsystem clock operation, the currents in both the “TYP.” and “MAX.” columns do not include the operating
currents of the peripheral modules. However, in HALT mode, including the current flowing into the real-time clock 2. The
current flowing into AFE is not included.
Note 2. When high-speed on-chip oscillator and subsystem clock are stopped.
Note 3. When high-speed system clock and subsystem clock are stopped.
Note 4. When high-speed on-chip oscillator and high-speed system clock are stopped. When AMPHS1 = 1 (Ultra-low power
consumption oscillation).
Note 5. Relationship between operation voltage width, operation frequency of CPU and operation mode is as below.
HS (high-speed main) mode: 2.7V <VDD <£5.5V@1 MHz to 24 MHz
24V <VDD<55V@1 MHzto 16 MHz
Note 6. IDD1 do not include the current flowing to the AFE.
The current value of the RL78 microcontrollers is the sum of IbD1, IDD2, or IDD3 and AFE current (AVDD systems) when
the AFE operates in the operating mode, HALT mode, or STOP mode.
Remark 1. fmx: High-speed system clock frequency (X1 clock oscillation frequency or external main system clock frequency)
Remark 2. fiH: High-speed on-chip oscillator clock frequency
Remark 3. fsuB: Subsystem clock frequency (XT1 clock oscillation frequency)
Remark 4. Except subsystem clock operation, temperature condition of the TYP. value is TA = 25°C.
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RL78/H1D

2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

(TA=-40to +85°C,2.4V<AVDD =VDD £5.5V,AVss=Vss=0V) (2/12)
Parameter | Symbol Conditions MIN. TYP. MAX. Unit
Supply IDD2 HALT mode | HS (high-speed main) | fiH = 24 MHz Note 4 VoD =5.0V 0.42 1.83 mA
current Note 2 mode Note 6 VDD =3.0V 042 | 1.83
Notes 1, Note 8 fiH = 16 MHz Note 4 VDD =5.0V 0.39 1.38
VoD =3.0V 0.39 1.38
HS (high-speed main) | fux = 20 MHz Note 3, Square wave input 0.26 1.55 mA
mode Note 6 VoD =5.0V Resonator connection 0.40 1.68
fmx = 20 MHz Note 3, Square wave input 0.25 1.55
VoD = 3.0V Resonator connection 0.40 1.68
fmMx = 16 MHz Note 3, Square wave input 0.23 1.22
VoD = 5.0V Resonator connection 0.36 1.39
fMx = 16 MHz Note 3, Square wave input 0.22 1.22
VoD =3.0V Resonator connection 0.35 1.39
fmx = 10 MHz Note 3, Square wave input 0.19 0.82
VDD = 5.0V Resonator connection 0.29 0.90
fMx = 10 MHz Note 3, Square wave input 0.18 0.82
VDD = 3.0V Resonator connection 0.28 | 0.90
Subsystem clock fsus = 32.768 kHz Note 5 | Square wave input 0.32 0.69 pA
operation TA=-40°C Resonator connection 051 | 0.89
fsus = 32.768 kHz Note 5 | Square wave input 0.41 0.82
TA=+25°C Resonator connection 0.62 1.00
fsus = 32.768 kHz Note 5 | Square wave input 0.52 1.40
TA=+50°C Resonator connection 0.75 1.60
fsu = 32.768 kHz Note 5 | Square wave input 0.82 2.70
TA=+70°C Resonator connection 1.08 | 2.90
fsus = 32.768 kHz Note 5 | Square wave input 1.38 4.95
TA=+85°C Resonator connection 1.62 5.15
IDD3 STOP mode |Ta =-40°C 0.20 0.59 HA
Note 7 Ta = +25°C 0.26 0.72
Ta =+50°C 0.33 1.30
Ta=+70°C 0.53 2.60
Ta = +85°C 0.93 4.85

(Notes and Remarks are listed on the next page.)
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RL78/H1D 2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

Note 1. Total current flowing into VDD, including the input leakage current flowing when the level of the input pin is fixed to VDD or
Vss. The following points apply in the HS (high-speed main) mode.
*The currents in the “TYP.” column do not include the operating currents of the peripheral modules.
*The currents in the “MAX.” column include the operating currents of the peripheral modules, except for those flowing into
the LCD controller/driver, A/D converter, LVD circuit, I/O port, and on-chip pull-up/pull-down resistors, and those flowing
while the data flash memory is being rewritten.
In the subsystem clock operation, the currents in both the “TYP.” and “MAX.” columns do not include the operating
currents of the peripheral modules. However, in HALT mode, including the current flowing into the real-time clock 2. In the
STOP mode, the currents in both the “TYP.” and “MAX.” columns do not include the operating currents of the peripheral
modules. The current flowing into AFE is not included.

Note 2. During HALT instruction execution by flash memory.
Note 3. When high-speed on-chip oscillator and subsystem clock are stopped.
Note 4. When high-speed system clock and subsystem clock are stopped.

Note 5. When high-speed on-chip oscillator and high-speed system clock are stopped. When RTCLPC = 1 and setting ultra-low
current consumption (AMPHS1 = 1).
Note 6. Relationship between operation voltage width, operation frequency of CPU and operation mode is as below.
HS (high-speed main) mode: 2.7V <VDD <5.5V@1 MHz to 24 MHz
24V <VpD<55V@1 MHz to 16 MHz
Note 7. Regarding the value for current to operate the subsystem clock in STOP mode, refer to that in HALT mode.
Note 8. IbD2 and Ipp3 do not include the current flowing to the AFE.
The current value of the RL78 microcontrollers is the sum of IbD1, IDD2, or IDD3 and AFE current (AVDD systems) when
the AFE operates in the operating mode, HALT mode, or STOP mode.

Remark 1. fmx: High-speed system clock frequency (X1 clock oscillation frequency or external main system clock frequency)
Remark 2. fiH: High-speed on-chip oscillator clock frequency

Remark 3. fsus:  Subsystem clock frequency (XT1 clock oscillation frequency)

Remark 4. Except subsystem clock operation, temperature condition of the TYP. value is TA = 25°C.
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RL78/H1D 2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

« Peripheral functions
(TA=-40to +85°C,2.4V<AVDD =VDD £5.5V,AVss=Vss=0V)

Parameter Symbol Conditions MIN. | TYP. MAX. Unit

Low-speed |FiL Note 1 0.20 HA
on-chip oscillator
operating current

RTC2 operating IRTC fsus = 32.768 kHz 0.02 HA
current Notes 1, 3
12-bit interval ITMKA fsus = 32.768 kHz, fMAIN stopped 0.02 HA
timer operating Notes 1, 2, 4
current
8-bitinterval timer | ITMRT fsus = 32.768 kHz, fMAIN stopped, per unit | 8-bit counter mode x 2-channel 0.12 HA
operating current | Notes 1, 14 operation

16-bit counter mode operation 0.10 HA
Watchdog timer IwDT fiL = 15 kHz 0.22 HA
operating current | Notes1,5
A/D converter laDC When conversion at maximum speed Normal mode, VDD = 5.0 V 13 1.7 mA
operating current | Notes 1,6 Low-voltage mode, VDD = 3.0 V 0.5 0.7 mA
Internal reference | IADREF 85 HA
voltage (1.45V) | Notes 1,7
current
Temperature ITmps Note 1 g5 A
sensor operating
current
LVD operating ILvi 0.06 HA
current Notes 1, 8
Self-programming | IFsP 2.0 12.2 mA

operating current | Notes 1,9

BGO operating IBGO 2.0 12.2 mA

current Notes 1, 10

SNOOZE IsNOz A/D converter operation The mode is performed 0.50 0.60 mA

operating current | Notes 1, 11 During A/D conversion, 1.20 1.44
low-voltage mode, VDD = 3.0 V

Simplified SPI(CSI)/UART operation 0.70 0.84 mA
DTC operation 3.1 mA
LCD operating ILcp1 External fLcp = fsus 1/3 bias VDD =5.0V, 0.04 0.20 HA
current Notes 12,13 | resistance LCD clock = 128 Hz 4-time slice | VLa=5.0V
division method
ILcD2 Internal voltage fLcp = fsus 1/3 bias VoD =3.0V, 0.85 2.20 HA
Note 12 boosting method | LCD clock = 128 Hz 4-time slice |VL4=3.0V
(VLCD = 04H)
VDD =5.0V, 1.55 3.70 HA
Va=51V
(VLCD = 04H)
ILcp3 Capacitor split fLcp = fsus 1/3 bias VDD =3.0V, 0.20 0.50 pA
Note 12 method LCD clock = 128 Hz 4-time slice | VLa=3.0V

(Notes and Remarks are listed on the next page.)
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RL78/H1D 2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

Note 1. Current flowing to VDD.

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

Note 3. Current flowing only to the real-time clock 2 (excluding the operating current of the low-speed on-chip oscillator and the
XT1 oscillator). The supply current of the RL78 microcontrollers is the sum of the values of either IDD1 or IDD2, and IRTC,
when the real-time clock 2 operates in the operating mode or HALT mode. When the low-speed on-chip oscillator is
selected, IFIL should be added. IDD2 subsystem clock operation includes the operational current of the real-time clock 2.

Note 4. Current flowing only to the 12-bit interval timer (excluding the operating current of the low-speed on-chip oscillator and
the XT1 oscillator). The supply current of the RL78 microcontrollers is the sum of the values of either Ibb1 or Ibb2, and
ITMKA, when the 12-bit interval timer operates in the operating mode or HALT mode. When the low-speed on-chip
oscillator is selected, IFiL should be added. Ibb2 subsystem clock operation includes the operational current of the 12-bit
interval timer.

Note 5. Current flowing only to the watchdog timer (including the operating current of the low-speed on-chip oscillator). The
current value of the RL78 microcontrollers is the sum of IDD1, IDD2, or IDD3 and IwDT when the watchdog timer operates in
STOP mode.

Note 6. Current flowing only to the A/D converter. The supply current of the RL78 microcontrollers is the sum of IDD1 or Ibb2 and
IaDC, IADREF when the A/D converter operates in the operating mode or the HALT mode.

Note 7. Operation current flowing to the internal reference voltage.

Note 8. Current flowing only to the LVD circuit. The current value of the RL78 microcontrollers is the sum of IDD1, IDD2, or IDD3
and ILvi when the LVD circuit operates in the operating mode, HALT mode, or STOP mode.

Note 9. Current flowing only during self-programming.

Note 10.  Current flowing only during data flash rewrite.

Note 11.  For shift time to the SNOOZE mode, see 27.3.3 SNOOZE mode in the User's Manual: Hardware.

Note 12.  Current flowing only to the LCD controller/driver (VDD pin). The current value of the RL78 microcontrollers is the sum of
the LCD operating current (ILcD1, ILcD2, or ILcb3) and the supply current (IDD1 or IDD2) when the LCD controller/driver
operates in the operating mode or HALT mode. Not including the current that flows through the LCD panel.

Note 13.  Not including the current that flows through the external divider resistor.

Note 14.  Current flowing only to the 8-bit interval timer (excluding the operating current of the low-speed on-chip oscillator and the
XT1 oscillator). The supply current of the RL78 microcontrollers is the sum of the values of either IDD1 or IDD2, and IiT,
when the 8-bit interval timer operates in the operating mode or HALT mode. When the low-speed on-chip oscillator is
selected, IFIL should be added.

Remark 1. fiL: Low-speed on-chip oscillator clock frequency

Remark 2. fsus: Subsystem clock frequency (XT1 clock oscillation frequency)
Remark 3. fcLk: CPU/peripheral hardware clock frequency

Remark 4. Temperature condition of the TYP. value is TA = 25°C
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RL78/H1D 2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

* AFE functions
(TA=-40to +85°C,2.7V<AVDD =VDD £5.5V,AVss=Vss=0V)

Parameter | Symbol Conditions MIN. | TYP. | MAX. | Unit
24-bit AXA/D |IDSAD | Normal mode Notes 1,2 0.94 | 1.46 mA
converter Circuits that operate: ABGR, REGA, SBIAS, VREFAMP, PGAO, 24-bit AX
operating A/D converter, and digital filter
current Differential input mode, OSR = 256, SBIAS louT = 0 mA

Low power mode Notes 1, 2 0.60 | 0.91 | mA

Circuits that operate: ABGR, REGA, SBIAS, VREFAMP, PGAO, 24-bit AX
A/D converter, and digital filter
Differential input mode, OSR = 256, SBIAS louT = 0 mA

Amplifier IPGA1 Low power mode Notes 1, 2 0.60 | 1.10 mA

operating Circuits that operate: ABGR, PGAL, and DAC1
current IL=0mA

High-speed mode Notes 1,2 1.10 | 1.80 | mA
Circuits that operate: ABGR, PGAL1, and DAC1
IL=0mA

IAMPO | Low power mode Notes 1,2 0.10 | 0.15 | mA
Circuits that operate: ABGR and AMPO
IL=0mA

High-speed mode Notes 1,2 0.30 | 0.48 | mA
Circuits that operate: ABGR and AMPO
IL=0mA

IAMP1, | Low power mode Notes 1,2 0.10 | 0.14 | mA
|1AMP2 Circuits that operate: ABGR and AMP1 or AMP2
IL=0mA

High-speed mode Notes 1,2 0.23 | 0.35 | mA
Circuits that operate: ABGR and AMP1 or AMP2
IL=0mA

8-bit D/A IDACO SBIAS normal mode Notes 1, 2 1.00 | 1.50 mA

converter Circuits that operate: ABGR, REGA, SBIAS, and DACQ Note 3

operating IL =0 mA, SBIAS louT = 0 mA
current

SBIAS low-power mode Notes 1, 2 0.85 | 1.30 | mA
Circuits that operate: ABGR, REGA, SBIAS, and DACQ Note 3
IL =0 mA, SBIAS louT = 0 mA

12-bit D/A IDAC1 | When AVDD is selected as the reference voltage Notes 1,2 0.61 | 0.97 | mA
converter Circuits that operate: ABGR and DAC1

operating IL=0mA

current When SBIAS (normal mode) is selected as the reference voltage Notes 1, 2 1.06 | 1.62 | mA

Circuits that operate: ABGR, REGA, SBIAS, and DAC1 Note 3
IL =0 mA, SBIAS louT = 0 mA

When SBIAS (low-power mode) is selected as the reference voltage 091 | 142 mA
Notes 1, 2

Circuits that operate: ABGR, REGA, SBIAS, and DAC1 Note 3
IL =0 mA, SBIAS louT =0 mA

Note 1. Current flowing to AVDD. The typical conditions are the conditions when TA = 25°C and AVDD = 3.3 V.
Note 2. Current flowing only into the operating circuit indicated in the column for conditions.
Note 3. Including the static current of VREFAMP, PGAOQ, and 24-bit AZ A/D converter.

Remark  Values in parentheses are target design values (i.e. not guaranteed) and therefore are not tested for shipment.
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2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

2.4

24.1

AC Characteristics

Basic operation

(TA=-40t0 +85°C, 2.4V <AVDD =VDD £5.5V,AVss =Vss=0V)

Items Symbol Conditions MIN. TYP. | MAX. | Unit
Instruction cycle Tcy Main system | HS (high-speed main) [2.7V<VbDD<55V | 0.0417 1 us
(minimum instruction clock (fMAIN) | mode 24V<VDD<27V | 00625 1 us
execution time) operation

Subsystem | fxT =32.768 kHz 24V <VDD<55V 28.5 30.5 | 31.3 us
clock (fsus)
operation
In the self- HS (high-speed main) [2.7V<VDD<55V | 0.0417 1 us
programming | mode 24V<VDD<2.7V | 0.0625 1 Us
mode
External main system | fEx EXCLK 27V=sVpD<55V 1.0 20.0 | MHz
clock frequency 24V<VpD<27V | 1.0 16.0 | MHz
fEXT EXCLKS 32 35 kHz
External main system | tExH, EXCLK 27V<VDD<55V 24 ns
clock input high-level | texL 24V<VDD<27V 30 ns
width, low-level width
texHs, | EXCLKS 13.7 us
tEXLS
Timer input tTIH, TIOO to TIO7 1/fMcK + ns
high-level width, tTIL 10
low-level width
Timer output fro TOO0O0 to HS (high-speed main) [4.0V<VDD<55V 12 MHz
frequency TOO07 mode 27V<VDD<4.0V 3 MHz
24V <VpD<27V 4 MHz
Buzzer output fPcL PCLBUZO, HS (high-speed main) [4.0V<VDD<55V 12 MHz
frequency PCLBUZ1 mode 27V<VDD<40V 8 MHz
24V <VDD<2.7V 4 MHz
Interrupt input high- tINTH, INTPO to INTP7 24V<VDD<55V 1 us
level width, low-level | tINTL
width
RESET low-level tRSL 10 Hs
width

Remark

fmck: Timer array unit operation clock frequency

(Operation clock to be set by the CKSmn bit of timer mode register mn (TMRmn). m: Unit number (m = 0),
n: Channel number (n = 0 to 7))
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RL78/H1D 2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

Minimum Instruction Execution Time during Main System Clock Operation

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

10
1.0 e n e T et T s e . . . .
_ v i When the high-speed on-chip oscillator clock is selected
%) . W
=1 i il
E’ H 5,7 — — — During self programming
f !
= Y
g ||: 4 ——————— When high-speed system clock is selected
= I il
g : :
9 : !
0.1 ; -
] ?
0.0625 feeesedieacn e =3 [
0.05 : llk- A
0.0417 frroseasassenenaninsscene ‘L —————————— _I.
0.01

0 10 20iis0 40 50 5560
2.4 2.7

Supply voltage Vop [V]
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RL78/H1D 2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

AC Timing Test Points

VIH/VOoH ; VIH/VoH
Test points
><VIL/VOL > <: ViL/VoL

External System Clock Timing

1/fex
1/fexs

tEXL tEXH
— ]
tEXLS tEXHS

EXCLK/EXCLKS \

TI/TO Timing

tTIL H
1/fTo
TOOO0 to TOO7 l /—{—

Interrupt Request Input Timing

TIOO to TI07

tINTL | tINTH
INTPO to INTP7 l \
RESET Input Timing
tRSL
RESET
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RL78/H1D 2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

2.5 Peripheral Functions Characteristics

2.5.1  Serial array unit

(1) During communication at same potential (UART mode)
(TA =-40to +85°C, 2.4V <AVDD=VDD <55V, AVSs =Vss =0V)

HS (high-speed main) Mode
Parameter Symbol Conditions Unit
MIN. MAX.
Transfer rate Note 1 24V<VDD<55V fmck/6 Note 2 | bps
Theoretical value of the maximum transfer rate 4.0 Mbps
fmck = fcLk Note 3

Note 1. Transfer rate in the SNOOZE mode is 4800 bps only.
Note 2. The following conditions are required for low voltage interface.
2.4V VDD < 2.7 V: MAX. 2.6 Mbps
Note 3. The maximum operating frequencies of the CPU/peripheral hardware clock (fcLk) are:
HS (high-speed main) mode: 24 MHz (2.7V <£VDD £5.5V)
16 MHz (2.4 V < VDD £5.5 V)

Caution  Select the normal input buffer for the RxDg 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).

UART mode connection diagram (during communication at same potential)

TxDq Rx
RL78 microcontroller User's device
RxDq T

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

1/Transfer rate
High-/Low-bit width
Baud rate error tolerance

TxDq
RxDq

Remark 1. g: UART number (q =0 to 2), g: PIM and POM number (g =0, 1, 3, 4, 5, 8)

Remark 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, 11))
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RL78/H1D

2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

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

output)
(TA =-40to +85°C, 2.4V <AVDD=VDD 5.5V, AVss =Vss =0V)
HS (high-speed main)
Parameter Symbol Conditions Mode Unit

MIN. MAX.
SCKp cycle time tkCY1 tkCy1 2 fcLk/4 27V<SVDD<55V 167 ns
24V <VDDS55V 250 ns
SCKp high-/low-level width tKH1, 40V <VDpD <55V tkCY1/2 - 12 ns
L 27V<VbDs<55V tkcy1/2 - 18 ns
24V <VDDS<55V tkCY1/2 - 38 ns
Slp setup time (to SCKpt) Note 1 tsiK1 40V <SVDD<55V 44 ns
27V<sVDD<55V 44 ns
24V <sVbD<55V 75 ns
Slp hold time (from SCKp1) Note 2 tKsI1 24V <sVDDS55V 19 ns
Delay time from SCKp| to SOp output Note 3 tkso1 C =20 pF Note 4 27V<VDD<55V 25 ns
24V <sVDD<55V 25 ns

Note 1.

Note 2.

Note 3.

Note 4.

Caution

Remark 1.

Remark 2.

When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp setup time becomes “to SCKp|” when
DAPmn = 0 and CKPmn = 1, or DAPmn =1 and CKPmn = 0.
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.
When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The delay time to SOp output becomes “from
SCKp?1” when DAPmn =0 and CKPmn =1, or DAPmn = 1 and CKPmn = 0.
C is the load capacitance of the SCKp and SOp output lines.

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).

p: CSI number (p = 00, 10, 20), m: Unit number (m = 0, 1), n: Channel number (n =0, 2),
g: PIM and POM number (g =0, 1, 3, 4, 5, 8)

fmMcK: 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, 10))
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RL78/H1D 2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

(3) During communication at same potential (Simplified SPI(CSI) mode) (slave mode, SCKp... external clock
output) (1/2)
(TA=-40to +85°C,2.4V<AVDD=VDD<5.5V,AVss=Vss=0V)

HS (high-speed main) Mode
Parameter Symbol Conditions Unit
MIN. MAX.
SCKp cycle time Note 5 tkey2 40V <VDD <55V |20 MHz < fmck 8/fmck ns
fmck < 20 MHz 8/fmMcK ns
27V<SVDD <55V |fMck > 16 MHz 8/fmek ns
fmMck < 16 MHz 6/fMCK ns
24V<sVDDs55V 6/fMck ns
and 500

SCKp high-/low-level width tKH2, 40V<sVDD<55V tkey2/2 -7 ns
Wz Ts7v<vop<55V tkeval2 - 8 ns
24V<sVDDs55V tkcy2/2 - 18 ns
Slp setup time (to SCKpt1) Note 1 tsik2 27V<VDD<55V 1/fmck + 20 ns
24V<VDD<55V 1/fmMck + 30 ns
Slp hold time (from SCKp1) Note 2 tksI2 24V<sVDDs55V 1/fmck + 31 ns
Delay time from SCKp| to SOp output Note 3 | tkso2 C =30 pF Note 4 27V<VDD<55V 2/fMcK + 44 ns
24V <sVpbD<55V 2/fmck + 75 ns

Note 1. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp setup time becomes “to SCKp|” when
DAPmn = 0 and CKPmn = 1, or DAPmn =1 and CKPmn = 0.

Note 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.

Note 3. 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.

Note 4. C is the load capacitance of the SCKp and SOp output lines.

Note 5. The maximum transfer rate when using the SNOOZE mode is 1 Mbps.

Caution  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).

Remark 1. p: CSI number (p = 00, 10, 20), m: Unit number (m = 0, 1), n: Channel number (n =0, 2),
g: PIM and POM number (g =0, 1, 3, 4, 5, 8)

Remark 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, 02, 10))
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(3) During communication at same potential (Simplified SPI(CSI) mode) (slave mode, SCKp... external clock

output) (2/2)

(TA=-40to +85°C, 2.4V <AVDD = VDD =55V, AVsSs =Vss =0 V)

HS (high-speed main) Mode

Parameter Symbol Conditions Unit
MIN. MAX.

SSI00 setup time tssik DAPmn =0 27V<VDD<55V 120 ns
24V<VpD<55V 200 ns
DAPmn =1 27V<VDDS55V 1/fmck + 120 ns
24V<VpD<55V 1/fmck + 200 ns
SSI00 hold time tkssI DAPmn =0 27V<SVDD<55V l/fmek + 120 ns
24V<VDD<55V 1/fmck + 200 ns
DAPmn =1 27V<sVDDS<55V 120 ns
24V <VpD<s55V 200 ns

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).
Remark  p: CSI number (p = 00), m: Unit number (m = 0), n: Channel number (n = 0), g: PIM and POM number (g = 3, 4)
Simplified SPI(CSI) mode connection diagram (during communication at same potential)
SCKp SCK
. RL/8 Slp SO  User's device
microcontroller
SOp Sl
Simplified SPI(CSI) mode connection diagram (during communication at same potential)
(Slave Transmission of slave select input function (CSI00))
SCKO00 SCK
SI00 SO
RL78 . .
. User's device
microcontroller
SO00 SI
SSI00 SSO
Remark  p: CSI number (p = 00, 10, 20), m: Unit number (m = 0, 1), n: Channel number (n =0, 2)
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RL78/H1D 2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

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

tkeve, 2
KL, 2 | tkH1, 2 |
SCKp \[ \ %
tsik1, 2 tKsi, 2
Sip Input data 45
tkso1, 2
((
R
SOp Output data ><:
I
»

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

tkCy1, 2
tKH1, 2 kL1, 2
y N Y 5 _
SCKp / \
X £
tsik1, 2 tksi1, 2
tkso1, 2
@
P
SOp Output data ><:
@
v

Remark  p: CSI number (p = 00, 10, 20), m: Unit number (m = 0, 1), n: Channel number (n =0, 2)
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RL78/H1D 2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

(4) During communication at same potential (simplified I12C mode)
(TA =-40to +85°C, 2.4V < AVDD=VDD 5.5V, AVSs =Vss =0 V)

HS (high-speed main)

Parameter Symbol Conditions Mode Unit
MIN. MAX.

SCLr clock frequency fscL 27V<VDD<55Y, 1000 Note 1 kHz
Cb =50 pF, Rb = 2.7 kQ

24V <VDD<55YV, 400 Note 1 kHz
Cb =100 pF, Rb =3 kQ

24V <VDD<27YV, 300 Note 1 kHz
Cb =100 pF, Rb =5 kQ

Hold time tLow 27V<sVDDs55YV, 475 ns
when SCLr =“L" Cb =50 pF, Rb = 2.7 kQ

24V <VDD£55Y, 1150 ns
Cb = 100 pF, Rb = 3 kQ

24V<VDD<27V, 1550 ns
Cb = 100 pF, Rb =5 kQ

Hold time tHIGH 27V<VDD<55YV, 475 ns
when SCLr = “H” Cb =50 pF, Rb = 2.7 kQ

24V <VDD<55YV, 1150 ns

Cb =100 pF, Rb = 3 kQ

24V <VDD<2.7V, 1550 ns
Cb =100 pF, Rb = 5 kQ

Data setup time (reception) tSu: DAT 27V<VDD<55YV, 1/fmck + 85 Note 2 ns
Cb =50 pF, Rb = 2.7 kQ

24V <VDD<55YV, 1/fmMck + 145 Note 2 ns
Cb =100 pF, Rb = 3 kQ
24V <VDD< 2.7V, 1/fmck + 230 Note 2 ns
Cb =100 pF, Rb = 5 kQ

Data hold time (transmission) tHD: DAT 27V<VDD<55Y, 0 305 ns
Cb =50 pF, Rb = 2.7 kQ
24V <VDD<55YV, 0 355 ns

Cb =100 pF, Rb = 3 kQ

24V <VDD<2.7V, 0 405 ns
Cb =100 pF, Rb = 5 kQ

Note 1. The value must be equal to or less than fmck/4.
Note 2. Set the fmMcK 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 (VDD tolerance) 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).
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RL78/H1D 2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

Simplified 12C mode connection diagram (during communication at same potential)

SDAr

VbD

Rb

RL78 microcontroller

SCLr

SDA

SCL

User's device

Simplified I2C mode serial transfer timing (during communication at same potential)

1/fscL

tLow

tHIGH

SCLr \

SDAr /_\

tHD: DAT

tsu: DAT

Remark 1. Rb[Q]: Communication line (SDAr) pull-up resistance, Cb[F]: Communication line (SCLr, SDAr) load capacitance
Remark 2. r: IIC number (r = 00, 10, 20), g: PIM number (g =0, 1, 3, 4, 5, 8),

Remark 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 (m =0, 1),

n: Channel number (n =0, 2), mn =00, 02, 10)
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RL78/H1D 2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

(5) Communication at different potential (1.8 'V, 2.5V, 3 V) (UART mode) (1/2)
(TA=-40to +85°C, 2.4V <AVDD =VDD <55V, AVSs =Vss =0V)

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

Transfer rate reception [40V<VDD<55YV, fmck/6 Note 1 bps
27V<sVbs40V

Theoretical value of the maximum transfer rate 4.0 Mbps
fmek = fcLk Note 4

27V <VDD<4.0V, fmck/6 Note 1 bps
23V<EVb<27V

Theoretical value of the maximum transfer rate 4.0 Mbps
fmck = fcLk Note 4

24V<VDD<33V, fmck/6 Notes 1, 2,3 bps
16V<Vb<20V

Theoretical value of the maximum transfer rate 4.0 Mbps

fmck = fcLk Note 4

Note 1. Transfer rate in the SNOOZE mode is 4,800 bps only.
Note 2. Use it with VDD 2 Vb.

Note 3. The following conditions are required for low voltage interface.
2.4V <VDD < 2.7 V: MAX. 2.6 Mbps
Note 4. The maximum operating frequencies of the CPU/peripheral hardware clock (fcLk) are:

HS (high-speed main) mode: 24 MHz (2.7 V<VDD<5.5V)
16 MHz (2.4V <VDbD <5.5V)

Caution  Select the TTL input buffer for the RxDqg pin and the N-ch open drain output (VDD tolerance) mode for the TxDq
pin by using port input mode register g (PIMg) and port output mode register g (POMg). For ViH and VIL, see the
DC characteristics with TTL input buffer selected.

Remark 1. Vb[V]: Communication line voltage

Remark 2. g: UART number (q = 0 to 2), g: PIM and POM number (g =0, 1, 3, 4, 5, 8)

Remark 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, 11))
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RL78/H1D 2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

(5) Communication at different potential (1.8 V, 2.5V, 3 V) (UART mode) (2/2)
(TA=-40to +85°C, 2.4V <AVDD =VDD <55V, AVSs =Vss =0V)

HS (high-speed main)
Parameter Symbol Conditions Mode Unit
MIN. MAX.
Transfer rate transmission | 4.0V < Vpbb £5.5 YV, Note 1 bps
27VEVbs£4.0V
Theoretical value of the maximum transfer rate 2.8 Note 2 Mbps
Cb=50pF, Rb=1.4kQ,Vb=27V
27V <VDD<4.0V, Note 3 bps
23VsSVbs27V
Theoretical value of the maximum transfer rate 1.2 Note 4 Mbps
Cb=50pF, Rb=2.7kQ, Vb =23V
2.4V <VDpD < 3.3V, Notes 5, 6 bps
16VsVbs20V
Theoretical value of the maximum transfer rate 0.43 Note 7 Mbps
Cb=50pF, Rb=55kQ,Vb=1.6V
Note 1. The smaller maximum transfer rate derived by using fMck/6 or the following expression is the valid maximum transfer rate.

Expression for calculating the transfer rate when 4.0V <Vbb<55Vand2.7V<Vb<40V

1
Maximum transfer rate = [bps]

{-CbXbem(l-i)}X:ﬂ
Vb

1 .
——— - {CoxRbxIn(1- i)}
Transfer rate x 2 Vb
Baud rate error (theoretical value) = x 100 [%]
1

——— ) x Number of transferred bits
Transfer rate

* This value is the theoretical value of the relative difference between the transmission and reception sides.

Note 2. This value as an example is calculated when the conditions described in the “Conditions” column are met.
Refer to Note 1 above to calculate the maximum transfer rate under conditions of the customer.

Note 3. The smaller maximum transfer rate derived by using fMck/6 or the following expression is the valid maximum transfer rate.
Expression for calculating the transfer rate when 2.7V <Vpb<4.0Vand 23V<Vb<2.7V

1
Maximum transfer rate = [bps]

{-Cbeben(l-ﬂ)}xfﬂ
Vb

1

Transfer rate x 2
Baud rate error (theoretical value) = x 100 [%]

- {—Cbebxln(l—ﬂ)}
Vb

1

———— ) x Number of transferred bits
Transfer rate

* This value is the theoretical value of the relative difference between the transmission and reception sides.

Note 4. This value as an example is calculated when the conditions described in the “Conditions” column are met.

Refer to Note 3 above to calculate the maximum transfer rate under conditions of the customer.
Note 5. Use it with VDD 2 Vb.
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RL78/H1D 2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

Note 6. The smaller maximum transfer rate derived by using fMck/6 or the following expression is the valid maximum transfer rate.
Expression for calculating the transfer rate when 2.4V <Vpb<3.3Vand1.6V<Vb<20V

1
Maximum transfer rate = [bps]

{-Cbebxln(l-i)}x3
Vb

1 .
—— - {-Cbx beln(l-i)}
Transfer rate x 2 Vb
Baud rate error (theoretical value) = x 100 [%]
1

—— ) x Number of transferred bits
Transfer rate

* This value is the theoretical value of the relative difference between the transmission and reception sides.

Note 7. This value as an example is calculated when the conditions described in the “Conditions” column are met.
Refer to Note 6 above to calculate the maximum transfer rate under conditions of the customer.

Caution  Select the TTL input buffer for the RxDq pin and the N-ch open drain output (VDD tolerance) mode for the TxDq

pin by using port input mode register g (PIMg) and port output mode register g (POMg). For VIH and VIL, see the
DC characteristics with TTL input buffer selected.
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RL78/H1D 2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

UART mode connection diagram (during communicati

Vb

on at different potential)

% Rb
TxDq RXx

RL78 microcontroller

RxDq Tx

User's device

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

1/Transfer rate

Low-bit width

High-bit width

TxDg /

\

Baud rate error tolerance

1/Transfer rate

High-/Low-bit width

Baud rate error tolerance

RxDq <

Remark 1. Rb[Q]: Communication line (TxDgq) pull-up resistance, Cb[F]: Communication line (TxDq) load capacitance,

Vb[V]: Communication line voltage
Remark 2. g: UART number (g = 0 to 2), g: PIM and POM number (g =0, 1, 3, 4,
Remark 3. fmck: Serial array unit operation clock frequency
(Operation clock to be set by the CKSmn bit of serial mode register m
n: Channel number (mn = 00 to 03, 10, 11))

5, 8)

n (SMRmn). m: Unit number,
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RL78/H1D 2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

(6) Communication at different potential (1.8 V, 2.5V, 3 V) (Simplified SPI(CSI) mode) (master mode, SCKp...
internal clock output) (1/2)
(TA=-40t0 +85°C, 2.4V <AVDD = VDD £5.5V,AVss =Vss =0 V)

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

SCKp cycle time tKCy1 tkCY1 2 4/fCcLK 40V<VDD<55V,27V=<Vb<40V, 300 ns
Cb =30 pF, Rb = 1.4 kQ

27V<SVDD<4.0V,23V<sVb=s27YV, 500 Note ns
Cb =30 pF, Rb = 2.7 kQ

24V =sVpD<33V,16V=<Vb=<20V, 1150 Note ns
Cb =30 pF, Rb = 5.5 kQ

SCKp high-level tKHL 40V<VDD<55V,2.7V<Vb<4.0V, tKeY1/2 - 75 ns
width Cb =30 pF, Rb = 1.4 kQ
27VSVDD<4.0V,23V<Vb<27V, tkCy1/2 - 170 ns

Cb =30 pF, Ro = 2.7 kQ

24V <sVpD<33V,16V<Vb=<20V, tkCcy1/2 - 458 ns
Cb =30 pF, Rb = 5.5 kQ

SCKp low-level tKLL 40V=sVDD<55V,27V=<Vbs40V, tKCY1/2 - 12 ns
width Cb =30 pF, Rb = 1.4 kQ
27VSVDD<4.0V,23V<Vb<27V, tkey1/2 - 18 ns

Cb =30 pF, Ro = 2.7 kQ

24V<VpD<33V,1.6VSVb<20V, tkcy1/2 - 50 ns
Cb =30 pF, Rb = 5.5 kQ

Note Use it with VDD 2 Vb.
Caution  Select the TTL input buffer for the Slp pin and the N-ch open drain output (VDD tolerance) 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

VIL, see the DC characteristics with TTL input buffer selected.

(Remarks are listed on the page after the next page.)
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RL78/H1D

2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

(6) Communication at different potential (1.8 V, 2.5V, 3 V) (Simplified SPI(CSI) mode) (master mode, SCKp...
internal clock output) (2/2)
(TA=-40t0 +85°C, 2.4V <AVDD = VDD £5.5V,AVss =Vss =0 V)

HS (high-speed main)
Parameter Symbol Conditions Mode Unit
MIN. MAX.
Slp setup time tSIK1 40V<VDD<55V,27V=<Vb<4.0V,Cb=30pF Rb=14kQ 81 ns
Note 1
(to SCKpf) Nete 2.7V<VDD<4.0V,2.3V <Vb<27V,Cb=30pF, Rb=2.7 kQ 177 ns
2.4V <VDD<33V,1.6V S Vb <20V Note3, Cp=30 pF, Rb =55 kQ 479 ns
Slp hold time tksI1 40V<SVDD<55V,27V<Vb<4.0V,Cb=30pF Rb=14kQ 19 ns
Note 1
(from SCKpt) Nete 27VSVDD<40V,2.3V<Vb<27V,Ch=30pF, Rb= 2.7 kQ 19 ns
2.4V <VDD<33V,1.6V S Vb <20V Note3 Cp=30 pF, Rb = 5.5 kQ 19 ns
Delay time from tkso1 40V<VDD<55V,27V<Vb<4.0V,Cb=30pF Rb=14kQ 100 ns
SCKpy to SOp 2.7VSVDD<4.0V,23V<Vb<27V,Cb=230pF, Ro=2.7kQ 195 | ns
output Note 1
2.4V <VDD<33V,1.6V S Vb<20VNote3, Cp=30 pF, Rb = 5.5 kQ 483 | ns
Sip setup time tsik1 40V <VDODS55V,2.7V < Vb <40V, Cb=30 pF, Rb = 1.4 kQ 44 ns
Note 2
(to SCKpy) Note 27VSVDD < 4.0V, 23V S Vb <27V, Cb=30pF, Rb=2.7 kQ 44 ns
2.4V <VDD <33V, 1.6V S Vb <20V Note3 Cp=30 pF, Rb = 5.5 kQ 110 ns
Sip hold time tisit 40V <VDD <55V, 2.7V < Vb <40V, Cb=30 pF, Rb = 1.4 kQ 19 ns
Note 2
(from SCKp) 27V <VDD<4.0V,23V S Vb<27V,Cb=30pF, Rb=2.7 kQ 19 ns
2.4V <VDD <33V, 1.6V S Vb <20V Note3 Cp=30 pF, Rb =55 kQ 19 ns
Delay time from tkso1 40V<VDD<55V,27V=<Vb<4.0V,Cb=30pF Rb=14kQ 25 ns
SCKp1 to SOp 27VSVDD<40V,2.3V<Vb<27V,Cb=30pF, Rb= 2.7 kQ 25 ns
output Note 2
2.4V <VDD <33V, 1.6V S Vb<20VNote3 Cp=30 pF, Rb =55 kQ 25 ns

Note 1.
Note 2.
Note 3.

Caution

When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.
When DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.
Use it with VDD = Vb.

Select the TTL input buffer for the Slp pin and the N-ch open drain output (VDD tolerance) 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
VIL, see the DC characteristics with TTL input buffer selected.

(Remarks are listed on the next page.)

R0O1DS0318EJ0111 Rev. 1.11
Mar 22, 2024

RRENESAS

Page 52 of 143



RL78/H1D 2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

Simplified SPI(CSI) mode connection diagram (during communication at different potential)

<Master> Vb Vb
§ Rb % Rb
SCKp - SCK
. RL78 Slp SO User's device
microcontroller
SOp SI

Remark 1. Rb[Q]: Communication line (SCKp, SOp) pull-up resistance, Cb[F]: Communication line (SCKp, SOp) load capacitance,
Vb[V]: Communication line voltage
Remark 2. p: CSI number (p = 00, 10, 20), m: Unit number (m = 0, 1), n: Channel number (n =0, 2),
g: PIM and POM number (g =0, 1, 3, 4, 5, 8)
Remark 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, 02, 10))
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RL78/H1D 2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

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

tkeyl
tKL1 tKH1
SCKp \
tsik1 tksi1
Sip Input data
tkso1
SOp Output data

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

tkey
tKHL tKL1
SCKp /
N\
tsiK1 tksI1
Slp Input data
tkso1
SOp Output data

Remark  p: CSI number (p = 00, 10, 20), m: Unit number (m = 0, 1), n: Channel number (n = 0, 2),
g: PIM and POM number (g =0, 1, 3, 4, 5, 8)
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RL78/H1D 2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

(7) Communication at different potential (1.8 V, 2.5V, 3 V) (Simplified SPI(CSI) mode) (slave mode, SCKp...
external clock input)
(TA =-40to +85°C, 2.4V < AVDD = VDD £5.5V, AVSs =Vss =0 V)

HS (high-speed main) Mode
Parameter Symbol Conditions Unit
MIN. MAX.
SCKp cycle time Note 1 tkey2 40V<VDD<55YV, 20 MHz < fmck 12/fmck ns
27V=Vb=4.0V 8 MHz < fmck < 20 MHz 10/fmck ns
4 MHz < fmck < 8 MHz 8/fMck ns
fMck < 4 MHz 6/fmck ns
27V<VDD<4.0V, 20 MHz < fmck 16/fmck ns
23VsVbs27V 16 MHz < fmck < 20 MHz 14/fmck ns
8 MHz < fmck < 16 MHz 12/fmck ns
4 MHz < fmMcK < 8 MHz 8/fmck ns
fMCK < 4 MHz 6/fMcK ns
24V <VDpD<33V, 20 MHz < fmck 36/fMck ns
16V<Vb<2,0VNote2 16 MHz < fmMcK < 20 MHz 32/fmcK ns
8 MHz < fmcK < 16 MHz 26/fmck ns
4 MHz < fmMcK < 8 MHz 16/fmck ns
fMcK < 4 MHz 10/fmck ns
SCKp high-/low-level tKH2, 40V<VDD<55V,27V<Vb<40V tkey2/2 - 12 ns
width W2 1y 7v<VDD<4.0V,23VEVb<27V tKev2/2 - 18 ns
24V<VDD<33V,1.6V<Vhs2.0VNote2 tkey2/2 - 50 ns
Slp setup time tsik2 40V<sVDD<55V,27VsVhbs40V 1/fmcK + 20 ns
(to SCKpt) Note 3 27VSVDD<40V,23VEVb<2.7V 1/fMcK + 20 ns
24V<sVpD<33V,1.6V<Vps20VNote2 1/fmck + 30 ns
Slp hold time tKsI2 40V<VDD<55V,27V<Vb=<40V 1/fmck + 31 ns
(from SCKpf) Nete 4 27VSVDD<4.0V,23VEVb<2.7V 1/fMcK + 31 ns
24V<sVDD<33V,1.6V<Vp<20VNote2 1/fmck + 31 ns
Delay time from SCKp| | tkso2 40V<sVDD<55V,27VsVhbs40V 2/fmck + 120 ns
to SOp output Note 5 Cb =30 pF, Rb = 1.4 kQ
27V<VDD<4.0V,23V<Vbs27V 2/fmck + 214 ns
Cb =30 pF, Rb = 2.7 kQ
24V<VpD<33V,1.6V<Vb<20V Note2 2/fmck + 573 ns
Cb =30 pF, Rb=5.5kQ

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

Note 2. Use it with VDD 2 Vb.

Note 3. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp setup time becomes “to SCKp|” when
DAPmMn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

Note 4. 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.

Note 5. 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 (VDD tolerance) mode for
the SOp pin by using port input mode register g (PIMg) and port output mode register g (POMg). For VIH and VIL,

see the DC characteristics with TTL input buffer selected.

(Remarks are listed on the next page.)
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RL78/H1D 2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

Simplified SPI(CSI) mode connection diagram (during communication at different potential)

<Slave> Vb

g

SCKp

RL78

. Sl
microcontroller p

SOp

SCK

SO User's device

Sl

Remark 1. Rb[Q]: Communication line (SOp) pull-up resistance, Cb[F]: Communication line (SOp) load capacitance,

Vb[V]: Communication line voltage

Remark 2. p: CSI number (p = 00, 10, 20), m: Unit number (m = 0, 1), n: Channel number (n = 0, 2),

g: PIM and POM number (g =0, 1, 3, 4, 5, 8)
Remark 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, 02, 10))

RO1DS0318EJ0111 Rev. 1.11 RENESAS
Mar 22, 2024

Page 56 of 143



RL78/H1D 2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

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

tkey2
tkL2 tKH2
/
SCKp
\ N
tsik2 tksI2
Slp Input data
tKs02
SOp Output data

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

tkey2
tKH2 tkL2
/ /
SCKp /
N\
tsik2 tKsI2
Slp Input data
tkso2 .
SOp Output data

Remark  p: CSI number (p = 00, 10, 20), m: Unit number (m =0, 1),
n: Channel number (n =0, 2), g: PIM and POM number (g =0, 1, 3, 4, 5, 8)
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RL78/H1D 2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

(8) Communication at different potential (1.8 'V, 2.5V, 3 V) (simplified 12C mode)
(TA =-40to +85°C, 2.4V S AVDD=VDD 5.5V, AVSs =Vss =0 V)

HS (high-speed main) Mode

Parameter Symbol Conditions Unit
MIN. MAX.
SCLr clock fscL 40V<=sVDD<55V,27V=<Vb<4.0V, Cb=50pF Rb=2.7kQ 1000 Note 1 | kHz
frequency 27V<VDD<4.0V,2.3V<Vb<2.7V,Cb=50pF,Rb=2.7kQ 1000 Note 1 | kHz
40V<VDODS55V,2.7V<Vb<4.0V,Cb=100 pF, Rb = 2.8 kQ 400 Note 1 | KHz
27V<VDD<4.0V,2.3V<Vb<27V,Cb=100 pF, Rb = 2.7 kQ 400 Note 1 | KHz
24V<VDD<33V,16V<Vb<20VNote2 Cp=100 pF, Rb=5.5 kQ 400 Note 1 | kHz
Hold time ttow |40V<VDD<55V,2.7V<Vb<4.0V,Cb=50pF Rb=2.7kQ 475 ns
when SCLr ="L" 2.7V<VDD<4.0V,2.3V<Vb<2.7V,Cb=50pF, Rb= 2.7 kQ 475 ns
40V<SVDD<55V,2.7V<Vb<4.0V,Cb=100 pF, Rb = 2.8 kQ 1150 ns
2.7V<VDD<4.0V,23V<Vbs2.7V,Cb=100 pF, Rb= 2.7 kQ 1150 ns
24V <VDD<33V,16V<Vbs20VNote2 Cp=100 pF, Rb = 5.5 kQ 1550 ns
Hold time tHiGH | 4.0V <VDD<55V,2.7V <Vb<4.0V,Cb=50pF, Rb=2.7 kQ 245 ns
when SCLr = *H" 27V<VDD<4.0V,23V<Vb<27V,Cb=50pF,Rb=2.7 kQ 200 ns
40V<VDD<55V,2.7V<Vb<4.0V,Cb=100 pF, Rb = 2.8 kQ 675 ns
2.7V<VDD<4.0V,2.3V<Vb<2.7V,Cb=100 pF, Rb = 2.7 kQ 600 ns
24V<VDD<33V,16V<Vbs20VNoe2 Cp=100 pF, Rb = 5.5 kQ 610 ns
Data setup time tSU:DAT [4.0V<VDD<55V,27V<Vb<4.0V, Cb=50pF Rb=2.7KkQ 1/fmck + 135 Note 3 ns
(reception) 27VEVDD<4.0V,2.3V<Vb<27V, Cb=50pF, Rb = 2.7 kQ 1/fmck + 135 Note 3 ns
40V<VDD<55V,2.7V<Vb<4.0V,Cb=100 pF, Rb = 2.8 kQ 1/fmcK + 190 Note 3 ns
27V<VDD<4.0V,23V<Vbhb<27V,Cb=100pF Rb=2.7 kQ 1/fMcK + 190 Note 3 ns
24V<VDD<33V,16V<Vh<20VNote2 Cp=100pF, Ro=55kQ | 1ffmck + 190 Note3 ns
Data hold time tHD:DAT [4.0V<VDD<55V,2.7V<Vb<4.0V,Cb=50pF Rb=27kQ 0 305 ns
(transmission) 27V<VDD<4.0V,23V<Vbs27V,Ch=50pF, Rb=2.7 kQ 0 305 ns
40V<VDD<55V,2.7V<Vb<4.0V,Cb=100 pF, Rb = 2.8 kQ 0 355 ns
2.7V<VDD<4.0V,23V<Vbs2.7V,Cb=100 pF, Rb = 2.7 kQ 0 355 ns
24V<VDD<33V,16V<Vbs20VNote2 Cp=100 pF, Rb = 5.5 kQ 0 405 ns
Note 1. The value must also be equal to or less than fMck/4.

Note 2. Use it with VDD 2 Vb.
Note 3. Set the fmMck value to keep the hold time of SCLr = “L” and SCLr = “H".

Caution  Select the TTL input buffer and the N-ch open drain output (VDD tolerance) mode for the SDAr pin and the N-ch
open drain output (VDD tolerance) mode for the SCLr pin by using port input mode register g (PIMg) and port

output mode register g (POMg). For ViH and ViL, see the DC characteristics with TTL input buffer selected.

(Remarks are listed on the next page.)
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RL78/H1D 2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

Simplified 12C mode connection diagram (during communication at different potential)

Vb Vb
g Rb % Rb
SDAr SDA
RL78 microcontroller User's device
SCLr SCL

Simplified 12C mode serial transfer timing (during communication at different potential)

1/fscL

tLow tHIGH

SCLr \
1
SDAr

I
tHD: DAT tsu: DAT

Remark 1. Rb[Q]: Communication line (SDAr, SCLr) pull-up resistance, Cb[F]: Communication line (SDAr, SCLr) load capacitance,
Vb[V]: Communication line voltage

Remark 2. r: IIC number (r = 00, 10, 20), g: PIM, POM number (g =0, 1, 3, 4, 5, 8)

Remark 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 (m =0, 1),
n: Channel number (n =0, 2), mn =00, 02, 10)
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2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

2.5.2

Serial interface IICA

(1) 12C standard mode

(TA=-40to +85°C, 2.4V <AVDD =VDD <55V, AVSs =Vss =0 V)

HS (high-speed main)
Parameter Symbol Conditions Mode Unit
MIN. MAX.
SCLAO clock frequency fscL Standard mode: 27V<VpD<55V 0 100 kHz
foLk = 1 MHz 24V<VDDS55V 0 100 kHz
Setup time of restart condition tsu: STA 27V<VDD<55V 4.7 us
24V=sVpDs55V 4.7 us
Hold time Note 1 tHD: STA 27V<VDD<55V 4.0 us
24V <VDD<55V 4.0 us
Hold time tLow 27V<sVDD<55V 4.7 us
when SCLAO ="L" 24V<VDD<55V 4.7 ps
Hold time tHIGH 27V<VDD<55V 4.0 us
when SCLAO = "H" 24V<VDDS<55V 4.0 ps
Data setup time (reception) tSU: DAT 27V<VDD<55V 250 ns
24V<sVDDs55V 250 ns
Data hold time (transmission) Note 2 tHD: DAT 27V<VDD<55V 0 3.45 ps
24V<VDD<55V 0 us
Setup time of stop condition tsu: sTO 27V<VDD<55V 4.0 us
24V<sVpD<55V 4.0 us
Bus-free time tBUF 27V<VDD<55V 4.7 Us
24V <VDD<55V 4.7 us

Note 1.
Note 2.
(acknowledge) timing.

Remark

Standard mode: Cb = 400 pF, Rb = 2.7 kQ

The first clock pulse is generated after this period when the start/restart condition is detected.
The maximum value (MAX.) of tHD:DAT is during normal transfer and a clock stretch state is inserted in the ACK

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.
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2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

(2) I12C fast mode
(TA=-40to +85°C, 2.4V < AVDD = VDD £5.5 V, AVSs =Vss =0 V)

HS (high-speed main)
Parameter Symbol Conditions Mode Unit
MIN. MAX.
SCLAO clock frequency fscL Fast mode: 27V<VDD<55V 0 400 kHz
fcLk 2 3.5 MHz 24V<VDDS55V 0 400 kHz
Setup time of restart condition tsu: STA 27V<VDD<55V 0.6 us
24V <VDD<55V 0.6 us
Hold time Note 1 tHD: STA 27V<VDD<55V 0.6 Us
24V<sVbDs55V 0.6 us
Hold time when SCLAO = “L” tLow 27V<VDD<55V 1.3 us
24V<sVpDs55V 1.3 us
Hold time when SCLAO = “H” tHIGH 27V=VpbDs55V 0.6 us
24V <VDD<55V 0.6 us
Data setup time (reception) tSu: DAT 27V<VDD<55V 100 ns
24V<VpD<55V 100 ns
Data hold time (transmission) Note 2 tHD: DAT 27V<VDD<55V 0 0.9 us
24V<sVpDs55V 0 us
Setup time of stop condition tsu: sTO 27V<VDD<55V 0.6 us
24V <VDD<55V 0.6 us
Bus-free time tBUF 27V<VDD<55V 1.3 us
24V<VpD<55V 1.3 us

Note 1.
Note 2.

Remark

The first clock pulse is generated after this period when the start/restart condition is detected.
The maximum value (MAX.) of tHD: DAT is during normal transfer and a clock stretch state is inserted in the ACK

(acknowledge) timing.

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, Rb = 1.1 kQ
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RL78/H1D 2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

(3) I2C fast mode plus
(TA=-40to0 +85°C,2.4V<AVDD=VDD <55V, AVss=Vss=0V)

HS (high-speed main)
Parameter Symbol Conditions Mode Unit
MIN. MAX.
SCLAO clock frequency fscL Fast mode plus: 27V<VDD<55V 0 1000 kHz
fcLk =2 10 MHz
Setup time of restart condition tsu: STA 27V<VDD<55V 0.26 us
Hold time Note 1 tHD: STA 27V<VbD<55V 0.26 us
Hold time when SCLAO = “L” tLow 27V<VDD<55V 0.5 us
Hold time when SCLAQ = “H” tHIGH 27V<sVDD<55V 0.26 us
Data setup time (reception) tSU: DAT 27V<VDD<55V 50 ns
Data hold time (transmission) Note 2 tHD: DAT 27V=sVbDs55V 0 0.45 us
Setup time of stop condition tsu: sTO 27V<VDD<55V 0.26 us
Bus-free time tBUF 27V<VDD<55V 0.5 us
Note 1. The first clock pulse is generated after this period when the start/restart condition is detected.
Note 2. The maximum value (MAX.) of tHD: DAT is during normal transfer and a clock stretch state is inserted in the ACK

(acknowledge) timing.
Remark  The maximum value of Cb (communication line capacitance) and the value of Rb (communication line pull-up resistor) at

that time in each mode are as follows.
Fast mode plus: Cb = 120 pF, Rb = 1.1 kQ

IICA serial transfer timing

tLow | (trR
== A 1===1 [
l | | | !
1 1 ] T ]
SCLn | : \ v
| : : P
i i i Lo
i i tHD: DAT tHIGH tsu: STA | : tsu: STO -+ !
i : tHD: STA tsu: DAT i i i 3
| ! e N
| | AR A
| 1 | 1 ! i
SDAn | ! / \S P ﬂ) >< \ /!
BCT I . o
S ] L
Stop Start Restart Stop
condition condition condition condition
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RL78/H1D 2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

2.6 Analog Characteristics

2.6.1
(1) When reference voltage (+) = Vbb (ADREFP1 = 0, ADREFPO = 0), reference voltage (-) = Vss (ADREFM = 0),

A/D converter characteristics

target pin: ANI8 to ANI14, internal reference voltage, and temperature sensor output voltage
(TA=-40to +85°C, 2.4V < AVDD=VDD < 5.5V, AVss=Vss =0V, reference voltage (+) = VDD,

reference voltage (=) = VSS)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 8 10 bit
Overall error Note 1 AINL 10-bit resolution 24V<VDD=<55V 1.2 +7.0 LSB
Conversion time tCONV 10-bit resolution 3.6V<sVDD<55V 2.125 39 us

Target pin: ANI8 to ANI14 27V<VDD<55V 3.1875 39 ps
24V<VDD<55V 17 39 us
10-bit resolution 3.6V<sVDD<55V 2.375 39 us
Target pin: internal reference voltage and 27V<VDD<55V 3.5626 39 us
temperature sensor output voltage
. . 24V<VDD<55V 17 39 us
(HS (high-speed main) mode)
Zero-scale error Ezs 10-bit resolution 24V<sVDDs55V +0.60 %FSR
Notes 1, 2
Full-scale error EFs 10-bit resolution 24V<sVDD<55V +0.60 %FSR
Notes 1, 2
Integral linearity ILE 10-bit resolution 24V<VDDL55V +4.0 LSB
error Note 1
Differential linearity | DLE 10-bit resolution 24V<VDD=<55V +2.0 LSB
error Note 1
Analog input voltage | VAIN ANI8 to ANI11 0 VDD
ANI12 to ANI14 0 AVDD
Internal reference voltage VBGR Note 3
(2.4V =VDD £5.5V, HS (high-speed main) mode)
Temperature sensor output voltage VTMPs25 Note 3 Vv
(2.4 V <£VbD £5.5V, HS (high-speed main) mode)

Note 1. Excludes quantization error (+1/2 LSB).
Note 2. This value is indicated as a ratio (%FSR) to the full-scale value.
Note 3. Refer to 2.6.2 Temperature sensor/internal reference voltage output characteristics.
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RL78/H1D 2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

(2) When reference voltage (+) = Internal reference voltage (ADREFP1 = 1, ADREFPO = 0), reference voltage
(-) = Vss (ADREFM = 0), target pin: ANI8 to ANI11, ANI12 to ANI14

(TA =-40to +85°C, 2.4V S AVDD = VDD £ 5.5 V, AVss = Vss = 0V, reference voltage (+) = VBGR Note 3,
reference voltage (=) = Vss = 0V, HS (high-speed main) mode)

Parameter Symbol Conditions MIN. | TYP. | MAX. Unit
Resolution RES 8 bit
Conversion time tCoNV 8-bit resolution 24V <VDD<55V 17 39 us
Zero-scale error Notes 1,2 Ezs 8-bit resolution 24V<VDD<55V +(0.60 + 0.35) | %FSR
Integral linearity error Note 1 ILE 8-bit resolution 24V<sVDD<55V +(2.0 + 0.5) LSB
Differential linearity error Note 1 DLE 8-bit resolution 24V<VDD<55V +(1.0+0.2) LSB
Analog input voltage VAIN 0 VBGR Note 3 Vv

Note 1. Excludes quantization error (+1/2 LSB).
Note 2. This value is indicated as a ratio (%FSR) to the full-scale value.
Note 3. Refer to 2.6.2 Temperature sensor/internal reference voltage output characteristics.

2.6.2  Temperature sensor/internal reference voltage output characteristics

(TA =-40to +85°C, 2.4V S AVDD = VDD £5.5V, AVss = Vss =0V, HS (high-speed main) mode)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Temperature sensor output voltage | VTMPS25 | TA = +25°C 1.05 \%
Internal reference voltage VBGR 1.38 1.45 15 \%
Temperature coefficient FvTMmPs | Temperature sensor output voltage that -3.6 mV/°C
depends on the temperature
Operation stabilization wait time tamp 24V<VpD<55V 5 us
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2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

2.6.3 POR circuit characteristics

(TA = -40 to +85°C, Vss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection voltage VPOR Power supply rise time 1.47 151 1.55 \%
VPDR Power supply fall timeNote 1 1.46 1.50 1.54 \Y
Minimum pulse width Note 2 | TPw1 Other than STOP/SUB HALT/SUB RUN 300 us
TPw2 STOP/SUB HALT/SUB RUN 300 us
Note 1. If the power supply voltage falls while the voltage detector is off, be sure to either shift to STOP mode or execute a reset

by using the voltage detector or external reset pin before the power supply voltage falls below the minimum operating
voltage specified in 2.4 AC Characteristics.
Note 2. Minimum time required for a POR reset when VDD falls below VPDR. This is also the minimum time required for a POR
reset from when VDD exceeds below 0.7 V to when VDD exceeds VPOR while STOP mode is entered or the main system
clock is stopped through setting bit 0 (HIOSTOP) and bit 7 (MSTOP) in the clock operation status control register (CSC).

TrPwi R
TPw2 R
VDD g
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2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

2.6.4

LVD circuit characteristics

(1) LVD Detection Voltage of Reset Mode and Interrupt Mode
(TA =-40to +85°C, VPDR S AVDD = VDD £5.5 V, AVss = Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Detection Supply voltage level | VLvbo Power supply rise time 3.98 4.06 4.14 \%
voltage Power supply fall time 3.90 3.98 4.06

VLvD1 Power supply rise time 3.68 3.75 3.82 \%

Power supply fall time 3.60 3.67 3.74 \%

VLvD2 Power supply rise time 3.07 3.13 3.19 \%

Power supply fall time 3.00 3.06 3.12 \%

VLVD3 Power supply rise time 2.96 3.02 3.08 \%

Power supply fall time 2.90 2.96 3.02 \%

VLVD4 Power supply rise time 2.86 2.92 2.97 \%

Power supply fall time 2.80 2.86 291 \%

VLVD5 Power supply rise time 2.76 2.81 2.87 \%

Power supply fall time 2.70 2.75 2.81 \%

VLVD6 Power supply rise time 2.66 2.71 2.76 \%

Power supply fall time 2.60 2.65 2.70 \%

VLvD7 Power supply rise time 2.56 2.61 2.66 \%

Power supply fall time 2.50 2.55 2.60 \%

VLvD8 Power supply rise time 2.45 2.50 2.55 \%

Power supply fall time 2.40 2.45 2.50 \%

Minimum pulse width tLw 300 us

Detection delay time 300 us

Caution

Set the detection voltage (VLvD) to be within the operating voltage range. The operating voltage range depends
on the setting of the user option byte (000C2H/010C2H). The following shows the operating voltage range.

HS (high-speed main) mode: VbbD=2.7t0 5.5V @ 1 MHz to 24 MHz

VbD=2.4t055V @ 1 MHz to 16 MHz
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RL78/H1D 2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

(2) LVD Detection Voltage of Interrupt & Reset Mode
(TAa =-40to +85°C, VPDR £ AVDD = VDD £5.5 V, AVSs = Vss =0 V)

Parameter Symbol Conditions MIN. | TYP. | MAX. | Unit
Interrupt and reset | VLvDco | VPoc2, VPocC1, VPoco = 0, 1, 0, falling reset voltage: 2.4 V 240 | 245 | 250 \Y
mode VLvDC1 LVIS1, LVISO=1,0 Rising release reset voltage 256 | 261 | 266 | V

Falling interrupt voltage 250 | 255 | 2.60 \%
VLvDC2 LVIS1, LVIS0=0, 1 Rising release reset voltage 266 | 271 | 2.76 \%
Falling interrupt voltage 2.60 | 2.65 | 2.70 \%
VLvDC3 LVIS1, LVIS0=0,0 Rising release reset voltage 3.68 | 3.75 | 3.82 \%
Falling interrupt voltage 3.60 | 3.67 | 3.74 \%
Vivbbo | VPocz, VPoci, VPoco =0, 1, 1, falling reset voltage: 2.7 V 270 | 275 | 281 \%
VLvDD1 LVIS1, LVIS0=1,0 Rising release reset voltage 2.86 | 292 | 2.97 \Y
Falling interrupt voltage 280 | 286 | 291 \%
VLVDD2 LVIS1, LVISO =0, 1 Rising release reset voltage 296 | 3.02 | 3.08 \%
Falling interrupt voltage 290 | 296 | 3.02 \%
VLvDD3 LVIS1, LVISO =0, 0 Rising release reset voltage 3.98 | 4.06 | 414 \Y
Falling interrupt voltage 3.90 | 3.98 | 4.06 \%
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2.6.5 Programmable gain instrumentation amplifier and 24-bit AX A/D converter

(1) Analog inputin differential input mode

(TA=-40to +85°C, 2.7 VS AVDD = VDD £5.5 V, AVss = Vss = 0 V, normal mode: fs1 = 1 MHz, FDATA1 = 3.90625
ksps, low-power mode: fs2 = 0.125 MHz, FDATA2 = 488.28125 sps, SBIAS = 2.1V, doFrR =0 mV, Vcom = 1.0V,
external clock input used)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Full-scale differential VID VID = (PGAOXP - PGAOxN) (x =0, 1) — +800 — mvV
input voltage range /GTOTALO
Input voltage range Vi 0.2 — 1.8
Common mode input Vcom doFrR =0 mV 0.2+(|VID|x — 1.8-(JVID|x
voltage range GsET01)/2 GSET01)/2
Input bias current IIN Vi=10V +50 nA
Input offset current liNO Vi=10V +20 nA

(2) Analog inputin single-ended input mode

(TA =-40to +85°C, 2.7V < AVDD = VDD £ 5.5 V, AVss = Vss = 0 V, normal mode: fs1 =1 MHz, FDATA1 = 3.90625
ksps, low-power mode: fs2 = 0.125 MHz, FDATA2 = 488.28125 sps, SBIAS =2.1V,doFrR =0 mV, Vcom = 1.0V,
external clock input used)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input voltage range Vi 0.2 — 1.8 \%
Input bias current IIN Vi=10V +50 nA

(3) Programmable gain instrumentation amplifier and 24-bit AZ A/D converter

(TA=-40to +85°C, 2.7 VS AVDD = VDD £5.5 V, AVss = Vss =0 V, normal mode: fs1 = 1 MHz, FDATA1 = 3.90625
ksps, low-power mode: fs2 = 0.125 MHz, FDATA2 = 488.28125 sps, SBIAS = 2.1V, doFrR =0 mV, Vcom = 1.0V,

external clock input used, in differential input mode) (2/2)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 24 bit

Sampling frequency fsl Normal mode 1 MHz

fs2 Low-power mode 0.125 MHz

Output data rate fDATAL Normal mode 0.488 15.625 ksps
foaTAa2 Low-power mode 61.035 1953.125 sps

Gain setting range GTOTALO GTOTALO = GSETO01 X GSET02 1 64 VIV
1st gain setting range GSETO1 1,2,3,4,8 VIV
2nd gain setting range GSET02 1,2,4,8 VIV
Offset adjustment bit doFFB 5 bit

range

Offset adjustment range | dOFR Referred to input - 164/GseTo01 + 164/GSET01 mvV

11/GseTo01 mV

2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

Offset adjustment steps | doFs

Referred to input

R0O1DS0318EJ0111 Rev. 1.11
Mar 22, 2024

RRENESAS

Page 68 of 143



RL78/H1D 2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

(TA =-40to +85°C, 2.7V £ AVDD = VDD £ 5.5 V, AVss = Vss = 0 V, normal mode: fs1 =1 MHz, FDATA1 = 3.90625
ksps, low-power mode: fs2 = 0.125 MHz, FDATA2 = 488.28125 sps, SBIAS = 2.1V, doFrR =0 mV, Vcom = 1.0V,

external clock input used, in differential input mode) (2/12)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Gain error EGo Ta=25°C +0.2 2.7 %

GsET01 =1, GSET02 = 1
Excluding SBIAS error

TA=25°C +0.1 %
GsSET01 =8, GSET02 = 4
Excluding SBIAS error

Gain drift Note dEGo GseT01 =1, GSETO2 = 1 (5.6) (22.0) ppm/°C
Excluding SBIAS drift

GseT01 =8, GSET02 = 4 9.1) ppm/°C
Excluding SBIAS drift

Offset error Eoso Ta=25°C +0.32 +2.90 mV
GseTo1 =1, GSeT02 =1
Referred to input

TA=25°C +0.03 mvV
GseT01 =8, GSET02 =4
Referred to input

Offset drift Note dEos GseT0o1 =1, GSET02 =1 (+0.02) (+6.00) uv/°C
Referred to input
GseT01 =8, GSET02 = 4 (+0.02) pv/°C
Referred to input

SND ratio SNDR GseT01 = 1, GSET02 = 1, fin = 50 Hz (82) (85) dB
Normal mode, Pin = -1 dBFS
GseT01 =8, GSET02 = 4, fin = 50 Hz (73) (80) dB
Normal mode, Pin = -1 dBFS

Noise Vn GseTo01 = 1, GSeT02 = 1, OSR = 2048 (13) UVRms
GseT01 =8, GSET02 = 4, OSR = 2048 (0.6) UVRms

Integral non-linearity INL GseT01 = 1, GSET02 = 1, OSR = 2048 (x10) ppmFS

error

Common mode rejection | CMRRO Vcom = 1.0+0.8 V, fin = 50 Hz (72) (90) dB

ratio GseT01 =1, GSET02 =1

Power supply rejection PSRRO AVDD=2.7t05.5V, (60) (85) dB

ratio GsET01 =1, GSET02 = 1

A A/D converter input fapc 3.8 4.0 4.2 MHz

clock frequency

Note Calculate the gain drift and offset drift by using the following expression (for 85°C products):
For gain drift: (MAX(EG(T(-40) to T(85))) - MIN(EG(T(-40) to T(85)))) / (85°C -(-40°C))
For offset drift: (MAX(EOS(T(-40) to T(85))) - MIN(EOS(T(-40) to T(85)))) / (85°C -(-40°C))
MAX(EG(T(-40) to T(85))): The maximum value of gain error when the temperature range is -40°C to 85°C
MIN(EG(T(-40) to T(85))): The minimum value of gain error when the temperature range is -40°C to 85°C
MAX(EOS(T(-40) to T(85))): The maximum value of offset error when the temperature range is -40°C to 85°C
MIN(EOS(T(-40) to T(85))):The minimum value of offset error when the temperature range is -40°C to 85°C

Remark 1. Values in parentheses are target design values (i.e. not guaranteed) and therefore are not tested for shipment.
Remark 2. The typical conditions are the conditions when TA = 25°C and AVpbD = 3.3 V.
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2.6.6 Sensor power supply (SBIAS)

(TA=-40to +85°C, 2.7V <AVDD = VDD £5.5V, AVsSs = Vss =0V, Cout = 0.22 yF, VouT = 1.0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Output voltage range | VouTt 0.5 2.2 Vv
Output voltage VSTEP 0.1 \%
adjustment steps
Output voltage VA louT=1mA (-3) (+3) %
precision
Maximum output lout 5 mA
current
Short circuit current ISHORT Vout =0V 40 65 mA
Load regulation LR 1 mA<IouT<5mA (15) mVv
Power supply PSRR AVDD =5.0 V + 0.1 Vpp ripple (45) (70) dB
rejection ratio f =100 Hz, louT = 2.5 mA,

Vout =21V
Remark 1. Values in parentheses are target design values (i.e. not guaranteed) and therefore are not tested for shipment.
Remark 2. The typical conditions are the conditions when TA = 25°C and AVDD = 3.3 V.
2.6.7 Internal BIAS power supply
(TA=-40to +85°C, 2.7 V<AVDD =VDD 5.5V, AVsSs =Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Output voltage VBIAS 0.95 1.00 1.05 \%

Remark  The typical conditions are the conditions when TA = 25°C and AVDD = 3.3 V.
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2.6.8 Programmable gain instrumentation amplifier (PGA1)

(TA=-40to +85°C, 2.7 V<AVDD =VDD£5.5V,AVSs =Vss =0V) (1/2)
Parameter Symbol Conditions MIN. TYP. MAX. Unit

Differential input VID VID = (PGA1xXP - PGA1xN) +800 mV

voltage range x=0,1) /GTOTALL

Input voltage range VIN 0.3 AVDD - 0.6 \%

Common mode input | Vcom 0.3+ AVDD-0.6+ \%

voltage range ((IViD|+|EOS]) ((IViD|+|EOS])

xGSET11)/2 xGSET11)/2

Output voltage range | VouTt 0.1 AVDD - 0.1 \%

Maximum output lout -0.1 +0.1 mA

current

Input bias current IIN +50 nA

Input bias offset los +20 nA

current

Gain setting range GTOTALL GSET11 x VIV

GSET12
1st gain setting range | GSET11 12, 16, VIV
20, 24
2nd gain setting range | GSET12 Note VIV
Gain error EGc1 TAa=25°C +2.7 %
GsET11 =24, GSET12=1
Gain drift dEG1 GSET11 =24, GseT12=1 (5.6) (22.0) ppm/°C
Offset error Eos1 TA =25°C -10 +10 mV

GsET11 =24, GSET12=1
Referred to input

Bandwidth BW11 Low-power mode (1.5) kHz
GsET11 =24, GsSET12=1
BW12 High-speed mode (67) kHz
GsET11 =24, GseET12=1
Slew rate SR11 Low-power mode (6) mV/us
SR12 High-speed mode (220) mV/us
Peak-to-peak voltage | Enb1l 0.1 Hz to 10 Hz (3.0) pVrms
noise Low-power mode
Enb12 0.1 Hz to 10 Hz (2.6) uVvrms

High-speed mode

Note See the setting of PGA1GC3 to PGA1GCO.
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2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)

(TA=-40to +85°C,2.7V<AVDD =VDD £5.5V,AVss=Vss=0V) (212)
Parameter Symbol Conditions MIN. TYP. MAX. Unit
Input-referred noise Enll f=1kHz (210) nv/
Low-power mode VHz
Enl2 f=1kHz (110) nv/
High-speed mode VHz
En13 f=10 Hz (460) nv/
Low-power mode VHz
Enl4 f=10 Hz (410) nv/
High-speed mode VHz
Common mode CMRR1 |GseT11 =24, GseT12=1 (100) dB
rejection ratio f=50Hz
Power supply PSRR1 27V<AVDD<55V (80) dB
rejection ratio f=50 Hz
When SBIAS is selected as the reference
voltage of the 12-bit D/A converter.

Remark 1. Values in parentheses are target design values (i.e. not guaranteed) and therefore are not tested for shipment.

Remark 2. The typical conditions are the conditions when TA = 25°C and AVDD = 3.3 V.
Remark 3. Unless otherwise specified, values are for operation in high-speed mode.
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2.6.9  Operational amplifier 0 (AMPOQ)

(TA=-40to +85°C, 2.7 V<AVDD =VDD 5.5V, AVSs =Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Common mode input voltage range VcMm 0.1 AVDD - 0.1 \%
Output voltage range VouTt louT= +1 mA 0.07 AVDD - 0.15 \%
Maximum output current lout (-2) (+2) mA
Input bias current IIN +50 nA
Input offset voltage Vos1 Low-power mode -10 +10 mV
Vos2 High-speed mode -7 +7 mV
Slew rate SR1 Low-power mode (0.04) V/us
SR2 High-speed mode (0.7) V/us
Gain bandwidth GBW1 Low-power mode (0.06) MHz
GBW2 High-speed mode 1) MHz
Phase margin PM1 Low-power mode (70) deg
PM2 High-speed mode (60) deg
Settling time Tsetl Low-power mode (300) us

CL =50 pF, RL = 10 kQ

Tset2 High-speed mode (14) us
CL =50 pF, RL =10 kQ

Stabilization wait time Tstawl AMPEn=0—1, (300) us
Low-power mode
CL =50 pF, RL = 10 kQ
Tstaw2 AMPEn =0 — 1, (14) us
High-speed mode
CL =50 pF, RL =10 kQ

Input-referred noise Enl f=1kHz (200) nv/
Low-power mode \Hz

En2 f=1kHz (80) nv/

High-speed mode VHz

Common mode rejection ratio CMRR DC (70) dB
Power supply rejection ratio PSRR DC (90) dB

Remark 1. Values in parentheses are target design values (i.e. not guaranteed) and therefore are not tested for shipment.
Remark 2. The typical conditions are the conditions when TA = 25°C and AVDD = 3.3 V.
Remark 3. Unless otherwise specified, values are for operation in high-speed mode.
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2.6.10 Operational amplifiers 1 and 2 (AMP1, AMP2)

(TA=-40to +85°C, 2.7 V<AVDD =VDD 5.5V, AVSs =Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Common mode input voltage range Vcmi Low-power mode 0.2 AVDD - 0.5 \%
Vcm2 High-speed mode 0.3 AVDD - 0.6 \%
Output voltage range Vout 0.1 AVDD - 0.1 \%
Maximum output current lout 27V<AVDD=55V -100 +100 HA
Input bias current IIN +50 nA
Input offset voltage Vosi Low-power mode -10 +10 mV
Vos2 High-speed mode -10 +10 mV
Slew rate SR1 Low-power mode (0.02) V/us
SR2 High-speed mode (1.1) V/us
Gain bandwidth GBW1 Low-power mode (0.04) MHz
GBW2 High-speed mode 2.7) MHz
Phase margin PM1 Low-power mode (70) deg
PM2 High-speed mode (60) deg
Settling time Tsetl Low-power mode (750) us
CL =50 pF, RL =10 kQ
Tset2 High-speed mode (13) us
CL =50 pF, RL=10kQ
Stabilization wait time Tstawl AMPEn =0 — 1, (800) us

Low-power mode
CL =50 pF, RL =10 kQ
Tstaw?2 AMPEn=0—1, (13) us
High-speed mode
CL =50 pF, RL =10 kQ

Input-referred noise Enl f=1kHz (230) nv/
Low-power mode VHz

En2 f=1kHz (90) nv/

High-speed mode VHz

Common mode rejection ratio CMRR DC (90) dB
Power supply rejection ratio PSRR DC (90) dB

Remark 1. Values in parentheses are target design values (i.e. not guaranteed) and therefore are not tested for shipment.
Remark 2. The typical conditions are the conditions when TA = 25°C and AVDD = 3.3 V.
Remark 3. Unless otherwise specified, values are for operation in high-speed mode.
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2.6.11 8-bit D/A converter (DACO)

(TA = -40 to +85°C, 2.7 V < AVDD = VDD £ 5.5 V, AVss = Vss = 0 V, reference voltage (+) = 2.1 V (SBIAS))

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution DARESO 8 bit
Absolute accuracy LE Note +2.5 LSB
Differential non-linearity error DADLEO +2.0 LSB
Settling time DAtset0 | CL =50 pF, RL =10 kQ (6) us
Note Errors of the SBIAS output voltage are not included.

Remark 1. Values in parentheses are target design values (i.e. not guaranteed) and therefore are not tested for shipment.
Remark 2. The 8-bit D/A converter characteristics are the values obtained with the amplifier unit connected.

2.6.12 12-bit D/A converter (DAC1)

(1) When reference voltage (+) = 2.1V (SBIAS)
(TA =-40to +85°C, 2.7V £ AVDD = VDD £ 5.5V, AVss = Vss = 0 V, reference voltage (+) = 2.1 V (SBIAS))

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution DARES1 (12) bit
Output voltage range DAOUT 12-bit resolution 0.35 SBIAS \%
Integral non-linearity error DAILE 12-bit resolution +4.0 LSB
Differential non-linearity error DADLE1 | 12-bit resolution +1.0 LSB
Offset error DAErr 12-bit resolution +30 mVv
Gain error DAEG 12-bit resolution Note +20 mV
Settling time DAtsetl 12-bit resolution (60) us

CL =50 pF, RL = 10 kQ

Note Errors of the SBIAS output voltage are not included.

Remark 1. Values in parentheses are target design values (i.e. not guaranteed) and therefore are not tested for shipment.
Remark 2. The 12-bit D/A converter characteristics are the values obtained with the amplifier unit connected.

(2) When reference voltage (+) = AVDD
(TA =-40to +85°C, 2.7 V< AVDD = VDD £ 5.5V, AVss = Vss = 0 V, reference voltage (+) = AVDD)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution DARES1 (12) bit
Output voltage range DAOUT 12-bit resolution 0.35 AVDD - 0.47 \%
Integral non-linearity error DAILE 12-bit resolution +4.0 LSB
Differential non-linearity error DADLE1 | 12-bit resolution +1.0 LSB
Offset error DAETrr 12-bit resolution +30 mv
Gain error DAEG 12-bit resolution +20 mV
Settling time DAtsetl 12-bit resolution (60) us

CL =50 pF, RL =10 kQ

Remark 1. Values in parentheses are target design values (i.e. not guaranteed) and therefore are not tested for shipment.
Remark 2. The 12-bit D/A converter characteristics are the values obtained with the amplifier unit connected.
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2.7 Power supply voltage rising slope characteristics

(TA = -40 to +85°C, Vss = 0 V)

Parameter Conditions MIN. TYP. MAX. Unit

Power supply voltage rising slope SVDD 54 V/ms

Caution  Make sure to keep the internal reset state by the LVD circuit or an external reset until VDD reaches the operating
voltage range shown in 2.4 AC Characteristics.

2.8 LCD Characteristics

2.8.1 Resistance division method

(1) Static display mode
(TA =-40 to +85°C, VL4 (MIN.) £ AVDD = VDD £5.5V, AVSs =Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

LCD drive voltage VL4 2.0 VDD Vv

(2) 1/2 bias method, 1/4 bias method
(TA =-40to +85°C, VL4 (MIN.) < AVDD = VDD £ 5.5V, AVSs =Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

LCD drive voltage VL4 2.7 VDD \%

(3) 1/3 bias method
(TA =-40to +85°C, VL4 (MIN.) < AVDD = VDD £ 5.5V, AVSs =Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
LCD drive voltage VL4 25 VDD \%
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2.8.2 Internal voltage boosting method

(1) 1/3 bias method
(TA =-40to +85°C, 2.4V < AVDD = VDD £5.5V,AVsSs =Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

LCD output voltage variation range Vi1 CltoC4Notel |VLCD =04H 0.90 1.00 1.08 \%

=0.47 pFNote2 |y cD = 05H 0.95 1.05 1.13 v

VLCD = 06H 1.00 1.10 1.18 \%

VLCD = 07H 1.05 1.15 1.23 \%

VLCD = 08H 1.10 1.20 1.28 \%

VLCD = 09H 1.15 1.25 1.33 \%

VLCD = 0AH 1.20 1.30 1.38 \%

VLCD = 0BH 1.25 1.35 1.43 \%

VLCD = 0CH 1.30 1.40 1.48 \%

VLCD = ODH 1.35 1.45 1.53 \%

VLCD = OEH 1.40 1.50 1.58 \%

VLCD = OFH 1.45 1.55 1.63 \%

VLCD = 10H 1.50 1.60 1.68 \%

VLCD = 11H 1.55 1.65 1.73 \%

VLCD = 12H 1.60 1.70 1.78 \%

VLCD = 13H 1.65 1.75 1.83 \%

Doubler output voltage Vi2 C1to C4 Notel =047 uF 2Vi1-0.1 2VL1 2VL1 \%

Tripler output voltage Via Clto C4 Notel =047 uF 3VL1-0.15 | 3Vl 3Vl \%
Reference voltage setup time Note 2 tVWAITL 5 ms
Voltage boost wait time Note 3 tVWAIT2 Clto C4Notel=047 pF 500 ms

Note 1. This is a capacitor that is connected between voltage pins used to drive the LCD.

C1: A capacitor connected between CAPH and CAPL
C2: A capacitor connected between VL1 and GND
C3: A capacitor connected between VL2 and GND
C4: A capacitor connected between VL4 and GND
C1=C2=C3=C4=0.47 pF+30%
Note 2. This is the time required to wait from when the reference voltage is specified by using the VLCD register (or when the
internal voltage boosting method is selected (by setting the MDSET1 and MDSETO bits of the LCDMO register to 01B) if
the default value reference voltage is used) until voltage boosting starts (VLCON = 1).
Note 3. This is the wait time from when voltage boosting is started (VLCON = 1) until display is enabled (LCDON = 1).
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(2) 1/4 bias method
(TA=-40to0 +85°C, 2.4V <AVDD =VDD £5.5V,AVSs =Vss =0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

LCD output voltage variation range Vi1 CltoCsNotel |VLCD = 04H 0.90 1.00 1.08 \Y

=0.47 pFNote2 |y €D = 05H 0.95 1.05 1.13

VLCD = 06H 1.00 1.10 1.18 \%

VLCD = 07H 1.05 1.15 1.23 \%

VLCD = 08H 1.10 1.20 1.28 \%

VLCD = 09H 1.15 1.25 1.33 \%

VLCD = 0AH 1.20 1.30 1.38 \%

Doubler output voltage VL2 C1to C5Notel =047 puF 2Vi1-0.08| 2Vi1 2V \%

Tripler output voltage VL3 Clto C5Notel =047 uF 3V0w1-0.12| 3Vl 3Vl \%

Quadruply output voltage VL4 Clto C5Notel =047 pF 4V011-0.16| 4V 4V \%
Reference voltage setup time Note 2 tVWAITL 5 ms
Voltage boost wait time Note 3 tVWAIT2 C1to C5 Note 1 = 0.47uF 500 ms

Note 1. This is a capacitor that is connected between voltage pins used to drive the LCD.
C1: A capacitor connected between CAPH and CAPL
C2: A capacitor connected between VL1 and GND
C3: A capacitor connected between VL2 and GND
C4: A capacitor connected between VL3 and GND
C5: A capacitor connected between VL4 and GND
C1=C2=C3=C4=C5=0.47 uF+30%
Note 2. This is the time required to wait from when the reference voltage is specified by using the VLCD register (or when the
internal voltage boosting method is selected (by setting the MDSET1 and MDSETO bits of the LCDMO register to 01B) if
the default value reference voltage is used) until voltage boosting starts (VLCON = 1).
Note 3. This is the wait time from when voltage boosting is started (VLCON = 1) until display is enabled (LCDON = 1).
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2.8.3  Capacitor split method

(1) 1/3 bias method
(TA =-40to +85°C, 2.4V < AVDD=VDD 5.5V, AVSs =Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
VL4 voltage VL4 C1to C4 = 0.47 pF Note 2 VDD Y,
VL2 voltage Vi2 Clto C4 =0.47 pyF Note 2 2/3Via-0.1 | 2/3Via | 2/3Via+0.1 \%
VL1 voltage Vi1 C1lto C4 =0.47 yF Note 2 1/3Via-0.1 | 1/3Vi4a | 1/3Via+0.1 \
Capacitor split wait time Note 1 tVWAIT 100 ms

Note 1. This is the wait time from when voltage bucking is started (VLCON = 1) until display is enabled (LCDON = 1).
Note 2. This is a capacitor that is connected between voltage pins used to drive the LCD.

C1: A capacitor connected between CAPH and CAPL

C2: A capacitor connected between VL1 and GND

C3: A capacitor connected between VL2 and GND

C4: A capacitor connected between VL4 and GND

C1=C2=C3=C4=0.47 pF+30%
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2.9 RAM data retention characteristics

(TA = -40 to +85°C, Vss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Data retention supply voltage |VDDDR 1.46 Note 55 \%
Note The value depends on the POR detection voltage. When the voltage drops, the RAM data is retained before a POR reset
is effected, but RAM data is not retained when a POR reset is effected.
+———}——————— STOP mode - Operation mode

~—— RAM Data retention mode ——

VoD

T VVDDDR

STOP instruction execution

Standby release signal /
(interrupt request) /

2.10 Flash Memory Programming Characteristics

(TA =-40to +85°C, 2.4V < AVDD=VDD 5.5V, AVSs=Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. | Unit

System clock frequency fcLk 24V<VDD<55V 1 24 MHz
Number of code flash rewrites | Cerwr Retained for 20 years TA =85°C 1,000 Times
Notes 1, 2, 3
Number of data flash rewrites Retained for 1 year TA =25°C 1,000,000
Notes 1, 2, 3 Retained for 5 years TA=85°C 100,000

Retained for 20 years TA =85°C 10,000
Note 1. 1 erase + 1 write after the erase is regarded as 1 rewrite. The retaining years are until next rewrite after the rewrite.
Note 2. When using flash memory programmer and Renesas Electronics self programming library
Note 3. These are the characteristics of the flash memory and the results obtained from reliability testing by Renesas Electronics

Corporation.

2.11 Dedicated Flash Memory Programmer Communication (UART)

(TA=-40to +85°C, 2.4V <AVDD =VDD <55V, AVSs =Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate During serial programming 115,200 1,000,000 | bps
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2.12 Timing of Entry to Flash Memory Programming Modes

(TA=-40to +85°C, 2.4V < AVDD=VDD 5.5V, AVss=0V)

time of the firmware to control the flash memory)

Parameter Symbol Conditions MIN. | TYP. | MAX. | Unit
How long from when an external reset ends until the |tsuiniT | POR and LVD reset must end 100 ms
initial communication settings are specified before the external reset ends.
How long from when the TOOLO pin is placed at the |tsu POR and LVD reset must end 10 us
low level until an external reset ends before the external reset ends.
Time to hold the TOOLO pin at the low level after an |tHD POR and LVD reset must end 1 ms
external reset is released (excluding the processing before the external reset ends.

<1> <2> <3> <4>
RESET
723 ps + tHD
processing | 1-byte data for setting mode
L time
TOOLO \ [ ...
tsu tSUINIT o

<1> The low level is input to the TOOLO pin.
<2> The external reset ends (POR and LVD reset must end before the external reset ends.).
<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: The segment shows that it is necessary to finish specifying the initial communication settings within 200 ms from

when the resets end.

tsu: How long from when the TOOLO pin is placed at the low level until an external reset ends

tHD: Time to hold the TOOLO pin at the low level after an external reset is released (excluding the processing time of

the firmware to control the flash memory)
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3. ELECTRICAL SPECIFICATIONS (R5F11R) (D: TA = -40 to +85°C)

This chapter describes the electrical specifications for the products “D: Industrial applications (TA = -40 to +85°C)".

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

Caution 2. The pins mounted depend on the product. Refer to 2.1 Port Function to 2.2 Functions other than port
pins in the User’s Manual: Hardware.
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3.1 Absolute Maximum Ratings

Absolute Maximum Ratings (2/3)
Parameter Symbol Conditions Ratings Unit
Supply voltage /DD -0.5t0 +6.5 \%
AVDD AVDD = VDD -0.5t0 +6.5 \%
AVss AVSss = Vss -0.5t0 +0.3 \%
REGC pin input voltage | VIREGC REGC -0.3t0 +2.8 \%
and -0.3to VpD + 0.3 Note 1
Input voltage Vi1 P01 to PO7, P10 to P17, P30 to P32, -0.3 to VpD +0.3 Note 2 \Y

P35 to P37, P40, P43, P44, P50 to P53,
P70 to P77, P80 to P86, P121 to P124,
P125 to P127, P137, EXCLK, EXCLKS,

RESET
Vi2 P60, P61 (N-ch open-drain) -0.3t0 +6.5 \%
Vi3 P20 to P27, P150, P151 -0.3 to AVDD + 0.3 Note 2
QOutput voltage Vo1 P01 to PO7, P10 to P17, P30 to P32, -0.3to VDD + 0.3 Note 2

P35 to P37, P40, P43, P44, P50 to P53,
P60, P61, P70 to P77, P80 to P86,
P125 to P127

Vo2 P20 to P27, P150, P151 -0.3to AVDD + 0.3 Note 2
Analog input voltage VAIL ANI8 to ANI10 -0.3 to VDD + 0.3 Note 2
Note 1. Connect the REGC pin to Vss via a capacitor (0.47 to 1 uF). This value regulates the absolute maximum rating of the

REGC pin. Do not use this pin with voltage applied to it.
Note 2. Must be 6.5 V or lower.

Caution  Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any parameter.
That is, the absolute maximum ratings are rated values at which the product is on the verge of suffering physical
damage, and therefore the product must be used under conditions that ensure that the absolute maximum
ratings are not exceeded.

Remark 1. Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
Remark 2. The reference voltage is Vss (for the VDD systems) = AVss (for the AVDD systems).
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Absolute Maximum Ratings (2/3)
Parameter Symbol Conditions Ratings Unit
LCD voltage Vil VL1 input voltage Note 1 -0.3t0 +2.8 \%
VL2 VL2 input voltage Note 1 -0.3t0 +6.5
Vi3 VL3 input voltage Note 1 -0.3t0 +6.5 \Y
Viia VL4 input voltage Note 1 -0.3t0 +6.5 \Y
Viis CAPL, CAPH input voltage Note 1 -0.3t0 +6.5 \Y,
VLol VL1 output voltage -0.3t0 +2.8 \%
VLo2 VL2 output voltage -0.3t0 +6.5 \%
VLo3 VL3 output voltage -0.3t0 +6.5 \%
VLO4 VL4 output voltage -0.3t0 +6.5 \%
VLOo5 CAPL, CAPH output voltage -0.3t0 +6.5 \%
VLO6 COMO to COM7 External resistance -0.3 to VDD + 0.3 Note 2 \%
SEGO to SEG35 division method
output voltage Capacitor split method -0.3to VDD + 0.3 Note 2 \Y
Internal voltage -0.3to VLI4 + 0.3 Note 2
boosting method
Note 1. This value only indicates the absolute maximum ratings when applying voltage to the VL1, VL2, VL3, and VL4 pins; it does

not mean that applying voltage to these pins is recommended. When using the internal voltage boosting method or
capacitance split method, connect these pins to Vss via a capacitor (0.47 puF + 30%) and connect a capacitor (0.47 pF +
30%) between the CAPL and CAPH pins.

Note 2. Must be 6.5 V or lower.

Caution  Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any parameter.
That is, the absolute maximum ratings are rated values at which the product is on the verge of suffering physical
damage, and therefore the product must be used under conditions that ensure that the absolute maximum
ratings are not exceeded.

RO1DS0318EJ0111 Rev. 1.11 RENESAS Page 84 of 143
Mar 22, 2024



RL78/H1D 3. ELECTRICAL SPECIFICATIONS (R5F11R) (D: TA = -40 to +85°C)

Absolute Maximum Ratings (3/3)
Parameter Symbol Conditions Ratings Unit
Output current, high loH1 Per pin -40 mA
Total of all pins P40, P43, P44, P80 to P83 -70 mA
-170 mA PO1 to P07, P10 to P17, P30 to P32, -100 mA

P35 to P37, P50 to P53, P70 to P77,
P84 to P86, P125 to P127

loH2 Per pin -40 mA

Total of all pins P21 to P27 -70 mA

-140 mA P20, P150, P151 -70 mA

Output current, low loL1 Per pin 40 mA
Total of all pins P40, P43, P44, P80 to P83 70 mA

170 mA PO1 to P07, P10 to P17, P30 to P32, 100 mA

P35 to P37, P50 to P53, P60, P61,
P70 to P77, P84 to P86, P125 to P127

loL2 Per pin 40 mA

Total of all pins P21 to P27 70 mA

140 mA P20, P150, P151 70 mA

Operating ambient TA In normal operation mode -40 to +85 °C
temperature In flash memory programming mode

Storage temperature Tstg -65 to +150 °C

Caution  Product quality may suffer if the absolute maximum rating is exceeded even momentarily for any parameter.
That is, the absolute maximum ratings are rated values at which the product is on the verge of suffering physical
damage, and therefore the product must be used under conditions that ensure that the absolute maximum
ratings are not exceeded.

Remark  Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
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RL78/H1D 3. ELECTRICAL SPECIFICATIONS (R5F11R) (D: TA = -40 to +85°C)

3.2 Oscillator Characteristics

3.2.1 X1 and XT1 characteristics

(TA=-40to +85°C, 1.8 VS AVDD = VDD £5.5V,AVss=Vss=0V)

Parameter Resonator Conditions MIN. TYP. MAX. | Unit
X1 clock oscillation frequency (fx) Note Ceramic resonator/ 27V<VDD<55V 1.0 20.0 | MHz
crystal resonator 24V<VDD<27V 1.0 16.0
18V=sVDD<24V 1.0 8.0
X1 clock oscillation frequency (fxT) Note Crystal resonator 32 32.768 35 kHz
31 38.4 39
Note 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.

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 and XT1 oscillator, refer to 5.4 System Clock Oscillator in the User's Manual: Hardware.

3.2.2  On-chip oscillator characteristics

(TA=-40to +85°C, 1.8 V<AVDD = VDD =55V, AVss =Vss =0 V)

Parameter Symbol Conditions MIN. | TYP. | MAX. | Unit
High-speed on-chip oscillator clock frequency | fiH 27V=sVpDs55V 1 24 MHz
Notes 1,2 24V<VDD<2.7V 1 16 | MHz
1.8V=sVDD<24V 1 8 MHz
High-speed on-chip oscillator clock frequency -20 to +85°C 1.8V<VbD<55V | -1.0 +1.0 %
accuracy -40 to -20°C 1.8V<VDD<55V | -1.5 +15 | %
Low-speed on-chip oscillator clock frequency | fiL 15 kHz
Low-speed on-chip oscillator clock frequency -15 +15 %
accuracy

Note 1. High-speed on-chip oscillator frequency is selected with bits 0 to 4 of the option byte (000C2H/010C2H) and bits 0 to 2 of
the HOCODIV register.

Note 2. This only indicates the oscillator characteristics. Refer to AC Characteristics for instruction execution time.
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RL78/H1D 3. ELECTRICAL SPECIFICATIONS (R5F11R) (D: TA = -40 to +85°C)

3.3 DC Characteristics

3.3.1 Pin characteristics

(TA=-40to +85°C, 1.8 VS AVDD = VDD £5.5V, AVss=Vss =0 V) (1/5)
Item Symbol Conditions MIN. | TYP. | MAX. Unit
Output current, high Note 1 | [oH1 Per pin for PO1 to P07, P10 to P17, -10.0 mA
P30 to P32, P35 to P37, P40, P43, Note 2
P44, P50 to P53, P70 to P77,
P80 to P86, P125 to P127
Total of P40, P43, P44, 40V<VDD<55V -55 mA
P80 to P83 2.7V<VDD<4.0V 10 | mA
< 04 Note 3
(When duty < 70% Fote <) 18V<VDD<2.7V 5 | maA
Total of PO1 to P07, P10 to P17, 40V<sVDD<55V -69 mA
P30 to P32, P35 to P37, 27V<VDD<4.0V 23 mA
P50 to P53, P70 to P77,
18V<sVDD<27V -12 mA
P84 to P86, P125 to P127
(When duty < 709 Note 3)
Total of all pins 18V<VbpD<55V -124 mA
(When duty < 709% Note 3)
IoH2 Per pin for P20 to P27, P150, P151| 1.8 V< AVDD <55V -10.0 mA
Note 2
Total of P21 to P27 40V<AVDD=<55V -50 mA
(When duty < 70% Note 3) 27V<AVDD<4.0V -10 mA
18V=<AVDD<27V -5 mA
Total of P20, P150, P151 40V<AVDD<55V -21 mA
(When duty < 70% Note 3) 27V<AVDD<4.0V -5 mA
18V<AVDD<27V -3 mA
Total of all pins 1.8V<A/DD55V -71 mA
(When duty < 709% Note 3)

Note 1. Value of current at which the device operation is guaranteed even if the current flows from the VoD pin (loH1) and AVDD
pin (IoH2) to an output pin.
Note 2. Do not exceed the total current value.
Note 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%).
« Total output current of pins = (IoH x 0.7)/(n x 0.01)
<Example> Where n =80% and loH = -10.0 mA
Total output current of pins = (-10.0 x 0.7)/(80 x 0.01) = -8.7 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.

Caution P02 to P04, P06, P07, P10, P12, P35 to P37, P40, P43, P44, P50 to P52, and P80 to P82 do not output high level in
N-ch open-drain mode.

Remark  Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
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3. ELECTRICAL SPECIFICATIONS (R5F11R) (D: TA = -40 to +85°C)

(TA=-40to +85°C, 1.8 VS AVDD = VDD £5.5V, AVss=Vss =0 V) (2/5)
Item Symbol Conditions MIN. | TYP. | MAX. Unit
Output current, low Note 1| [oL1 Per pin for PO1 to P07, P10 to P17, 20.0 mA
P30 to P32, P35 to P37, P40, P43, Note 2
P44, P50 to P53, P70 to P77,
P80 to P86, P121 to P127
Per pin for P60, P61 15.0 mA
Note 2
Total of P40, P43, P44, P80 to P83|4.0V<VDD<55V 70 mA
(When duty < 70% Note 3) 2.7V<VDD<4.0V 15 mA
1.8V<sVbD<27V 9 mA
Total of PO1 to P07, P10 to P17, 40V=<VDD<55V 90 mA
P30 to P32, P35 to P37, 27V<VDD<4.0V 35 mA
P50 to P53, P60, P61, P70 to P77,
1.8V<VDD<27V 20 mA
P84 to P86, P125 to P127
(When duty < 709% Note 3)
Total of all pins 1.8V<VbD<55V 160 mA
(When duty < 70% Note 3)
loL2 Per pin for P20 to P27, P150, 1.8V<A/DD55V 20 mA
P151
Total of P21 to P27 40V<AVDD<55V 60 mA
(When duty < 70% Note 3) 27V<AVDD<4.0V 10 mA
18V<AVDD<27V 5 mA
Total of P20, P150, P151 40V<AVDD<55V 25 mA
(When duty < 70% Note 3) 27V<AVDD<4.0V 8 mA
1.8V=<AVDD<27V 5 mA
Total of all pins 1.8V<AYDD<55V 85 mA
(When duty < 70% Note 3)

Note 1. Value of current at which the device operation is guaranteed even if the current flows from the Vss pin (loL1) and AVss
pin (loL2) to an output pin.
Do not exceed the total current value.
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%).
« Total output current of pins = (loL x 0.7)/(n x 0.01)

<Example> Where n =80% and loL = 10.0 mA

Total output current of pins = (10.0 x 0.7)/(80 x 0.01) = 8.7 mA
However, the current that is allowed to flow into one pin does not vary depending on the duty factor. A current higher

Note 2.
Note 3.

than the absolute maximum rating must not flow into one pin.

Remark  Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
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RL78/H1D 3. ELECTRICAL SPECIFICATIONS (R5F11R) (D: TA = -40 to +85°C)

(TA=-40to +85°C, 1.8 VSAVDD = VDD £5.5V,AVss =Vss =0V) (3/5)
Item Symbol Conditions MIN. TYP. MAX. Unit
Input voltage, high VIH1 P01 to P07, P10 to P17, P30 to | Normal input buffer 0.8 VDD VDD \%
P32, P35 to P37, P40, P43, P44,
P50 to P53, P70 to P77, P80 to
P86, P125 to P127
VIH2 For TTL mode supported ports | TTL input buffer, 2.2 VDD \Y
40V<VDD<55V
TTL input buffer, 2.0 VDD \%
3.3V<sVDD<4.0V
TTL input buffer, 1.5 VDD \%
18V<=sVDD<33V
VIH3 P20 to P27, P150, P151 0.8 AVDD AVDD \%
ViH4 P60, P61 0.7 VbD 6.0 \%
ViH5 P121 to P124, P137, EXCLK, EXCLKS, RESET 0.8 Vbp VDD \
Input voltage, low Vi1 P01 to P07, P10 to P17, P30 to | Normal input buffer 0 0.2 VbD \%
P32, P35 to P37, P40, P43, P44,
P50 to P53, P70 to P77, P80 to
P86, P125 to P127
ViL2 For TTL mode supported ports | TTL input buffer, 0 0.8 \%
40V<VDD<55V
TTL input buffer, 0 0.5 \%
3.3V<sVDD<4.0V
TTL input buffer, 0 0.32 \%
1.8V<VDD<33V
VIL3 P20 to P27, P150, P151 0 0.2 AVDD \%
ViL4 P60, P61 0 0.3 VDD \%
ViLs P121 to P124, P137, EXCLK, EXCLKS, RESET 0 02vop | V

Caution  The maximum VIH value on P02 to P04, P06, P07, P10, P12, P35 to P37, P40, P43, P44, P50 to P52, and P80 to P82
is VDD, even in the N-ch open-drain mode.

Remark  Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
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3. ELECTRICAL SPECIFICATIONS (R5F11R) (D: TA = -40 to +85°C)

(TA=-40to +85°C, 1.8 VSAVDD = VDD £5.5V,AVss =Vss =0V) (4/5)
Item Symbol Conditions MIN. TYP. | MAX. | Unit
Output voltage, high | VOH1 P01 to PO7,P10 {40V <VDD <55V, I0H =-10.0 mA VDD - 1.5 \Y
toP17,P30t0 |40V <VDD<55V, loH=-3.0 mA VDD - 0.7 v
P32, P35to
27V=<VDD<55V,IoH=-2.0 mA VoD - 0.6 \%
P37, P40, P43,
P44, P50 to 1.8V<VDD=<55YV,IoH=-1.5mA VDD - 0.5 \%
P53, P70 to
P77, P80 to
P86, P125 to
P127
VOH2 P20 to P27, 40V <AVDD <55V, IoH=-10.0 A AVDD - 1.5 \%
P150, P151 4.0V <AVDD 5.5V, IoH = -3.0 mA AVDD - 0.7 v
27V<AVDD<55V, I0oH=-2.0 mA AVDD - 0.6 \%
1.8V<AVDD<55V, IoOH=-1.5mA AVDD - 0.5 \Y%
Output voltage, low | VoL1 P01 to PO7,P10 [40V<VDD<55YV, loL=20.0mA 1.3 \%
toP17,P30t0  [40v<VDbp<55V,IloL=85mA 0.7 Vi
P32, P35 to
27V<VDD<55V, IloL=3.0mA 0.6 \%
P37, P40, P43,
P44, P50 to 2.7V<VDD<55V,loL=15mA 04 | Vv
P53, P70 to 1.8V<VbpDb<55V,IloL=0.6 mA 0.4 \Y%
P77, P80 to
P86, P125 to
P127
VoL2 P20 to P27, 40V<AVDD=<55YV,IloL=20.0mA 1.3 \Y
P150, P151 40V<AVDD 5.5V, oL = 8.5 mA 0.7 v
2.7V <AVDD <55V, loL=3.0mA 0.6 \Y%
27V<AVDD<55V,loL=15mA 0.4 \Y%
1.8V<AVDD<55V, IloL=0.6 mA 0.4 \Y
VoL3 P60, P61 40V<VDD<55V,loL=15.0mA 2.0 \%
40V=sVDD<55V,IloL=50mA 0.4 \Y%
27V<VDpD<55V, IloL=3.0mA 0.4 \%
1.8V<VDD=<55V, loL=2.0mA 0.4 \Y

Caution

Remark

The maximum VIH value on P02 to P04, P06, P07, P10, P12, P35 to P37, P40, P43, P44, P50 to P52, and P80 to P82
is VDD, even in the N-ch open-drain mode.

Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
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3. ELECTRICAL SPECIFICATIONS (R5F11R) (D: TA = -40 to +85°C)

(TA=-40to +85°C, 1.8 VSAVDD = VDD £5.5V,AVss =Vss =0V) (5/5)
Item Symbol Conditions MIN. | TYP. | MAX. | Unit
Input leakage ILIHL PO1 to PO7, P10 to P17, P30 to VI =VDD 1 HA
current, high P32, P35 to P37, P40, P43, P44,
P50 to P53, P60, P61, P70 to
P77, P80 to P86, P125 to P127,
P137, RESET
ILIH2 P20 to P27, P150, P151 Vi = AVDD 1 HA
ILIH3 P121 to P124 (X1, X2, EXCLK, VI=VDD | In input port mode or 1 HA
XT1, XT2, EXCLKS) when using external
clock input
When a resonator is 10 HA
connected
Input leakage ILiLy P01 to P07, P10 to P17, P30 to VI=Vss -1 pA
current, low P32, P35 to P37, P40, P43, P44,
P50 to P53, P60, P61, P70 to
P77, P80 to P86, P125 to P127,
P137, RESET
ILiL2 P20 to P27, P150, P151 VI =AVss -1 HA
ILiL3 P121 to P124 (X1, X2, EXCLK, VIi=Vss |Ininput port mode or -1 pA
XT1, XT2, EXCLKS) when using external
clock input
When a resonator is -10 HA
connected
On-chip pull-up Ru1 P01 to P07, P10 to P16, P30 to Vi=Vss, [24V<VDD<55V 10 20 100 kQ
resistance P32, P35 to P37, P50 to P53, P70 |ininput |1 gv<vpp<24V 10 30 100 | kQ
to P77, P125 to P127 port
mode
Ru2 P17, P40, P43, P44, P80 to P86, |VI=Vss, ininput port mode 10 20 100 kQ
Ru3s P20 to P27, P150 and P151 VI = AVss, in input port mode 10 20 100 kQ
Remark  Unless specified otherwise, the characteristics of alternate-function pins are the same as those of the port pins.
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3. ELECTRICAL SPECIFICATIONS (R5F11R) (D: TA = -40 to +85°C)

3.3.2

Supply current characteristics

(TA=-40to0 +85°C, 1.8 V< AVDD = VDD £5.5V,AVSs =Vss =0V) (2/2)
Parameter | Symbol Conditions MIN. | TYP. | MAX. | Unit
Supply IDD1 Operating | HS (high-speed fiH = 24 MHz Note 3 Basic VDD =5.0V 17 mA
current mode main) Mode Note 5 operation |\ypp=3.0V 1.7
Now t Normal |Vbp=50V 37 | 64
operation | vpp =3.0V 37 | 6.4
fiH = 16 MHz Note 3 Normal VoD =5.0V 2.8 5.0
operation | vpp =3.0V 28 | 50
LS (low-speed fiH = 8 MHz Note 3 Normal VoD =3.0V 12 21 mA
main) Mode Note 5 operation |vpp =20V 12 | 21
HS (high-speed fmMx = 20 MHz Note 2, Normal Square wave input 3.1 54 mA
main) Mode Note5 | VDb =5.0V operation | Respnator connection 3.3 55
fmx = 20 MHz Note 2| Normal Square wave input 3.0 5.4
VoD =3.0V operation | Resonator connection 3.3 5.5
fiMx = 16 MHz Note 2, Normal Square wave input 2.6 4.7
Vob = 5.0V operation | Resonator connection 2.8 4.8
fmMx = 16 MHz Note 2, Normal Square wave input 2.6 4.7
Vbbb =3.0V operation | Respnator connection 2.8 4.8
fMx = 10 MHz Note 2, Normal Square wave input 1.9 3.1
VoD =5.0V operation | Resonator connection 1.9 31
fMx = 10 MHz Note 2, Normal Square wave input 1.9 3.1
Vob = 3.0V operation | Resonator connection 1.9 3.1
LS (low-speed fmMx = 8 MHz Note 2, Normal Square wave input 1.1 2.1 mA
main) Mode Note5 | VbDb =3.0V operation | Respnator connection 1.1 2.1
fmMx = 8 MH Note 2, Normal Square wave input 1.1 2.1
VoD =2.0V operation | Resonator connection 1.1 2.1
Subsystem clock fsuB = 32.768 kHz Note 4 [ Normal Square wave input 4.3 5.8 HA
operation TA =-40°C operation | Resonator connection 4.6 5.8
fsus = 32.768 kHz Note 4 | Normal Square wave input 4.3 5.8
Ta=+25°C operation | Resonator connection 4.6 5.8
fsus = 32.768 kHz Note 4 | Normal Square wave input 45 7.6
Ta=+50°C operation | Resonator connection 45 7.6
fsus = 32.768 kHz Note 4 | Normal Square wave input 4.7 9.2
TA=+70°C operation | Resonator connection 5.1 9.2
fsuB = 32.768 kHz Note 4 | Normal Square wave input 5.2 12.6
Ta =+85°C operation | Resonator connection 57 | 126
fsus = 38.4 kHz Note 4 Normal Square wave input 5.0 6.8 HA
Ta=-40°C operation | Resonator connection 5.4 6.8
fsus = 38.4 kHz Note 4 Normal Square wave input 5.0 6.8
TA=+25°C operation | Resonator connection 5.4 6.8
fsus = 38.4 kHz Note 4 Normal Square wave input 5.3 8.9
TA =+50°C operation | Respnator connection 5.3 8.9
fsus = 38.4 kHz Note 4 Normal Square wave input 55 10.8
Ta=+70°C operation | Resonator connection 6.0 | 108
fsuB = 38.4 kHz Note 4 Normal Square wave input 6.1 14.8
TA=+85°C operation | Respnator connection 6.7 14.8

(Notes and Remarks are listed on the next page.)
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3. ELECTRICAL SPECIFICATIONS (R5F11R) (D: TA = -40 to +85°C)

Note 1. Total current flowing into VDD and AVDD, including the input leakage current flowing when the level of the input pin is fixed
to VDD or Vss. The values below the MAX. column include the peripheral operation current. However, not including the
current flowing into the LCD controller/driver, A/D converter, LVD, 1/O ports, and on-chip pull-up/pull-down resistors and
the current flowing during data flash rewrite. The current flowing into AFE is not included.

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

Note 3. When high-speed system clock and subsystem clock are stopped.

Note 4. When high-speed on-chip oscillator and high-speed system clock are stopped. When AMPHS1 = 1 (Ultra-low power
consumption oscillation).

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

HS (high-speed main) mode: 2.7V <Vbb <55V @ 1 MHz to 24 MHz
24V<VDD<55V @ 1MHzto 16 MHz
LS (low-speed main) mode: 1.8V <VDD<55V @ 1 MHz to 8 MHz

Remark 1. fmx: High-speed system clock frequency (X1 clock oscillation frequency or external main system clock frequency)

Remark 2. fiH: High-speed on-chip oscillator clock frequency

Remark 3. fsus:  Subsystem clock frequency (XT1 clock oscillation frequency)

Remark 4. Except subsystem clock operation, temperature condition for the TYP. value is TA = 25°C.
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3. ELECTRICAL SPECIFICATIONS (R5F11R) (D: TA = -40 to +85°C)

(TA=-40to +85°C, 1.8 VSAVDD = VDD £5.5V,AVss =Vss =0V) (2/12)
Parameter | Symbol Conditions MIN. | TYP. | MAX. | Unit
Supply current | IDD2 HALT mode |HS (high-speed fiH = 24 MHz Note 4 VoD = 5.0V 0.42 | 2.03 mA
Note 1 Note 2 main) Mode Note 6 VDD =3.0V 042 | 2.03
fiH = 16 MHz Note 4 Vbb =5.0V 0.39 1.58
Vbbb =3.0V 0.39 1.58
LS (low-speed fiH = 8 MHz Note 4 VoD =3.0V 0.25 0.81 mA
main) Mode Note 6 VbD =2.0V 0.25 | 0.81
HS (high-speed fMx = 20 MHz Note 3 Square wave input 0.26 1.75 mA
main) Mode Note6 | VDD =5.0V Resonator connection 0.40 | 1.88
fmMx = 20 MHz Note 3 Square wave input 0.25 1.75
Vbb=3.0V Resonator connection 0.40 | 1.88
fmMx = 16 MHz Note 3 Square wave input 0.23 1.42
VbD =5.0V Resonator connection 0.36 | 1.59
fMx = 16 MHz Note 3 Square wave input 0.22 1.42
VoD =3.0V Resonator connection 0.35 | 1.59
fmMx = 10 MHz Note 3 Square wave input 0.19 0.92
Vbb=5.0V Resonator connection 0.29 | 1.00
fmx = 10 MHz Note 3 Square wave input 0.18 0.92
VoD =3.0V Resonator connection 0.28 | 1.00
LS (low-speed fmx = 8 MHz Note 3 Square wave input 0.09 | 0.61 mA
main) Mode Note6 | VDD =3.0V Resonator connection 0.15 | 0.66
fmMx = 8 MHz Note 3 Square wave input 0.10 0.62
Vbb=2.0V Resonator connection 0.15 | 0.67
Subsystem clock fsus = 32.768 kHz Note 5 | Square wave input 0.32 | 0.69 PA
operation TA = -40°C Resonator connection 0.51 | 0.89
fsuB = 32.768 kHz Note 5 | Square wave input 0.41 0.82
TA=+25°C Resonator connection 0.62 | 1.00
fsus = 32.768 kHz Note 5 | Square wave input 0.52 1.40
TA =+50°C Resonator connection 0.75 | 1.60
SUB = 32.768 kHz Note 5 | Square wave input 0.82 2.70
Ta=+70°C Resonator connection 1.08 | 2.90
fsuB = 32.768 kHz Note 5 | Square wave input 1.38 4.95
TA=+85°C Resonator connection 162 | 5.15
fsus = 38.4 kHz Note 5 Square wave input 0.38 0.81 pA
TAa=-40°C Resonator connection 0.60 | 1.04
fsus = 38.4 kHz Note 5 Square wave input 0.48 0.96
Ta=+25°C Resonator connection 073 | 117
fsus = 38.4 kHz Note 5 Square wave input 0.61 1.64
Ta =+50°C Resonator connection 0.88 | 1.88
SuB = 38.4 kHz Note 5 Square wave input 0.96 3.16
TA=+70°C Resonator connection 1.27 | 3.40
fsus = 38.4 kHz Note 5 Square wave input 1.62 5.80
Ta=+85°C Resonator connection 1.90 | 6.04
IbD3 STOP mode |TA =-40°C 0.20 0.59 HA
Note 7 TA=+25°C 026 | 0.72
TA =+50°C 0.33 1.30
TA=+70°C 0.53 2.60
TA = +85°C 0.93 4.85
(Notes and Remarks are listed on the next page.)
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3. ELECTRICAL SPECIFICATIONS (R5F11R) (D: TA = -40 to +85°C)

Note 1. Total current flowing into VDD and AVDD, including the input leakage current flowing when the level of the input pin is fixed
to VDD or Vss. The values below the MAX. column include the peripheral operation current. However, not including the
current flowing into the LCD controller/driver, A/D converter, LVD, 1/O ports, and on-chip pull-up/pull-down resistors and
the current flowing during writing to the data flash. The current flowing into AFE is not included.

Note 2. During HALT instruction execution from flash memory

Note 3. When the high-speed on-chip oscillator and the subsystem clock are stopped

Note 4. When the high-speed system clock and the subsystem clock are stopped

Note 5. When high-speed on-chip oscillator and high-speed system clock are stopped. When RTCLPC = 1 and setting ultra-low
current consumption (AMPHS1 = 1).

Note 6. Relationship between operation voltage width, operation frequency of CPU, and operation mode is as below.

HS (high-speed main) Mode: 2.7 V<VDD< 5.5V @ 1 MHz to 24 MHz
24V<VpD<55V @ 1 MHz to 16 MHz
LS (low-speed main) Mode: 1.8V <VDD<55V @ 1 MHz to 8 MHz

Note 7. Regarding the value for current to operate the subsystem clock in STOP mode, refer to that in HALT mode.

Remark 1. fmx: High-speed system clock frequency (X1 clock oscillation frequency or external main system clock frequency)

Remark 2. fiH: High-speed on-chip oscillator clock frequency

Remark 3. fsus:  Subsystem clock frequency (XT1 clock oscillation frequency)

Remark 4. Except subsystem clock operation, temperature condition of the TYP. value is TA = 25°C.
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3. ELECTRICAL SPECIFICATIONS (R5F11R) (D: TA = -40 to +85°C)

« Peripheral functions

(TA=-40to +85°C, 1.8 VSAVDD =VDD<5.5V,AVSs =Vss =0 V) (2/2)
Parameter Symbol Conditions MIN. | TYP. | MAX.| Unit
Low-speed on-chip |F1L Note 1 0.20 HA
oscillator operating
current
RTC2 operating current ||rTc Notes 1,3 | fsuB = 32.768 kHz 0.02 HA
12-bit Interval timer ITMKA fsus = 38.4 kHz, fMAIN stopped 0.02 pA
operating current Notes 1,2, 4 fsuB = 32.768 kHz, fMAIN stopped 0.02 HA
8-bit Interval timer ITMRT fsus = 38.4 | 8-bit counter mode x 2-channel operation 0.14 A
operating current Notes 1,14 kHz, fMAIN | 15 hit counter mode operation 0.12 PA
stopped,
per unit
fsus = 8-bit counter mode x 2-channel operation 0.12 HA
32.768 kHz, |16 pit counter mode operation 0.10 HA
fMAIN
stopped,
per unit
Watchdog timer IwpT Notes 1,5 [ fiL =15 kHz 0.22 HA
operating current
10-bit A/D converter Iapc Notes 1,6 | When Normal mode, VDD = 5.0 V 1.3 1.7 | mA
operating current conversion at Low-voltage mode, VoD = 3.0 V 05 | 07 | mA
maximum
speed
Internal reference |IADREF Notes 1, 7 85 HA
voltage (1.45 V) current
Temperature sensor ITMps Note 1 85 HA
operating current
LVD operating current JLvi Notes 1, 8 0.06 HA
Self-programming |Iesp Notes 1, 9 20 | 122 | mA
operating current
BGO operating current | |ggo Notes 1, 10 20 | 122 | mA
SNOOZE operating Isnoz Notes 1,11 | A/D The mode is performed 0.50 | 0.60 | mA
current converter During A/D conversion, low-voltage mode, 1.20 | 1.44
operation VDD = 3.0 V
Simplified SPI(CSI)/UART operation 0.70 | 0.84
DTC operation 3.1

(Notes and Remarks are listed on the page after the next page.)
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3. ELECTRICAL SPECIFICATIONS (R5F11R) (D: TA = -40 to +85°C)

(TA=-40to +85°C, 1.8 VS AVDD=VDD 5.5V, AVSs =Vss=0V)

(2/2)

Parameter

Symbol

Conditions

MIN.

TYP.

MAX.

Unit

LCD operating current

ILcD1
Notes 12, 13

External
resistance
division
method

fLcbp = fsus
(32.768 kHz)
LCD clock =
128 Hz

fLcop = fsus
(38.4 kHz)
LCD clock =
75 Hz

1/3 bias
4-time slice

Vbbb =5.0V
V4 =50V

0.04

0.20

0.08

0.40

HA

|Lcp2 Note 12

Internal
voltage
boosting
method

fLcop = fsus
(32.768 kHz)
LCD clock =
128 Hz

fLco = fsus
(38.4 kHz)
LCD clock =
75 Hz

fLcp = fsuB
(32.768 kHz)
LCD clock =

1/3 bias
4-time slice

Vbbb =3.0V
Vs =3.0V
(VLCD = 04H)

0.85

2.20

0.50

2.20

HA

Vbbb =50V
Vs =51V
(VLCD = 12H)

1.55

3.70

HA

128 Hz

fLcp = fsus 0.91 | 3.70
(38.4 kHz)
LCD clock =

75 Hz

ILcD3 Note 12 1/3 bias

4-time slice

VoD =3.0V
Via=3.0V

fLcop = fsus 0.20
(32.768 kHz)
LCD clock =

128 Hz

Capacitor
split method

0.50 | pA

fLco = fsus 0.13 | 0.50
(38.4 kHz)
LCD clock =

75 Hz

Operating currents of the
meter-dedicated macro

fsuB = 38.4 kHz, fMAIN stopped, per unit 0.10 HA

0.12 HA

ITMRJ Note 15

luARTMG Note 15 | fsuB = 38.4 kHz, fMAIN stopped

IsmoTp Note 15 | fsu = 38.4 kHz, fmMAIN stopped 0.10 HA

|IExsp Note 15 fsuB = 38.4 kHz, fMAIN stopped 0.02 HA

(Notes and Remarks are listed on the next page.)
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Note 1. Current flowing to VDD.

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

Note 3. Current flowing only to the real-time clock 2 (excluding the operating current of the low-speed on-chip oscillator and the
XT1 oscillator). The supply current of the RL78 microcontrollers is the sum of the values of either IDD1 or IDD2, and IRTC,
when the real-time clock 2 is operating in operation mode or HALT mode. When the low-speed on-chip oscillator is
selected, IFIL should be added. IDD2 subsystem clock operation includes the operational current of the real-time clock 2.

Note 4. Current flowing only to the 12-bit interval timer (excluding the operating current of the low-speed on-chip oscillator and
the XT1 oscillator). The supply current of the RL78 microcontrollers is the sum of the values of either Ibb1 or Ibb2, and
ITMKA, when the 12-bit interval timer operates in the operating mode or HALT mode. When the low-speed on-chip
oscillator is selected, IFiL should be added. Ibb2 subsystem clock operation includes the operational current of the 12-bit
interval timer.

Note 5. Current flowing only to the watchdog timer (including the operating current of the low-speed on-chip oscillator).
The supply current of the RL78 microcontrollers is the sum of Ibb1, IDD2 or Ibb3 and IwDT when the watchdog timer is
operating.

Note 6. Current flowing only to the A/D converter. The supply current of the RL78 microcontrollers is the sum of IDD1 or IDD2,
IaDC, and IADREF when the A/D converter operates in the operating mode or the HALT mode.

Note 7. Operation current flowing to the internal reference voltage.

Note 8. Current flowing only to the LVD circuit. The supply current of the RL78 microcontrollers is the sum of IbD1, IDD2, or IDD3
and ILVI when the LVD circuit operates in the operating mode, HALT mode, or STOP mode.

Note 9. Current flowing during self-programming

Note 10.  Current flowing during writing to the data flash

Note 11.  For time required to shift to the SNOOZE mode, see 27.3.3 SNOOZE mode in the User's Manual: Hardware.

Note 12.  Current flowing only to the LCD controller/driver (VDD pin). The current value of the RL78 microcontrollers is the sum of
the LCD operating current (ILcD1, ILcD2, or ILcb3) and the supply current (IDD1 or IDD2) when the LCD controller/driver
operates in the operating mode or HALT mode. Not including the current that flows through the LCD panel.

Note 13.  Not including the current that flows through the external divider resistor.

Note 14.  Current flowing only to the 8-bit interval timer (excluding the operating current of the low-speed on-chip oscillator and the
XT1 oscillator). The supply current of the RL78 microcontrollers is the sum of the values of either IDD1 or IDD2, and IIT,
when the 8-bit interval timer operates in the operating mode or HALT mode. When the low-speed on-chip oscillator is
selected, IFIL should be added.

Note 15.  The current value of the RL78 microcontrollers is the sum of IDD2 or IDD3 and ITMRJ, IUARTMG, ISMOTD, or IEXSD when
each module operates in the sub-HALT mode or STOP mode.

Remark 1. fiL: Low-speed on-chip oscillator clock frequency

Remark 2. fsus:  Subsystem clock frequency (XT1 clock oscillation frequency)
Remark 3. fcLk:  CPU/peripheral hardware clock frequency

Remark 4. The temperature condition for the TYP. value is TA = 25°C.
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3. ELECTRICAL SPECIFICATIONS (R5F11R) (D: TA = -40 to +85°C)

3.4 AC Characteristics
(TA=-40to +85°C, 1.8 VSAVDD =VDD<5.5V,AVSs =Vss =0 V) (2/2)
Items Symbol Conditions MIN. TYP. | MAX. | Unit
Instruction cycle Tcy Main system | HS (high-speed main) | 2.7V <VDD<5.5V 0.0417 1 us
(minimum instruction clock (fmMaIN) | Mode 24V <VDD<27V 0.0625 1 us
execution time) operation -
LS (low-speed main) [1.8V<VDD<55V 0.125 1 us
Mode
Subsystem fxT = 38.4 kHz 1.8V<sVbDDs55V 26.04 us
clock (fSUB) | fx1 = 32.768 kHz 1.8V <VDD<55V 285 | 305 | 31.3 | ps
operation
In the self- HS (high-speed main) | 2.7V <VDD<55V 0.0417 1 us
programming | Mode 2.4V<VDD<2.7V 0.0625 1 Hs
mode
LS (low-speed main) [1.8V<VDD<55V 0.125 1 us
Mode
External system clock | fEx EXCLK 27V<VDD<55V 1.0 20.0 | MHz
frequency 24V<VDD<2.7V 1.0 16.0 | MHz
18V<sVbD<24V 1.0 8.0 | MHz
fEXT EXCLKS 32 35 kHz
External system clock | tExH, EXCLK 27V<VDD<55V 24 ns
input high—level width, |tEXL 24V<VDD<27V 30 ns
low-level width
18V=sVDD<24V 60 ns
tEXHS, EXCLKS 13.7 us
tEXLS
Timer input high-level | tTiH, tTiL | TIOO to TI07 1/fmMcK + ns
width, low-level width 10
Timer RJ input cycle |tc TRJIOO, TRJIO1 27VsVpDbs55V 100 ns
18V=sVDD<27V 300 ns
Timer RJ input high- | tTJIH, TRJIOO, TRJIO1 27V<VDD<55V 40 ns
level width, low-level | tTaiL 1.8V<VDD<27V 120 ns
width
Timer output fro TOOO0 to HS (high-speed main) {40V <VDD<55V 12 MHz
frequency TOO07 Mode 27V<VDD<4.0V 8 MHz
TRJIOO,
24V <VDD<27V MHz
TRJIO1L,
TRJOO, LS (low-speed main) [1.8V<VDD<55V 4 MHz
TRJO1L Mode
Buzzer output frcL PCLBUZO, HS (high-speed main) |40V <VDD<55V 12 MHz
frequency PCLBUZ1 Mode 27V<VDD<4.0V 8 MHz
24V<VDD<27V 4 MHz
LS (low-speed main) [1.8V<VDD<55V 4 MHz
Mode
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(TA=-40to +85°C, 1.8 V<AVDD =VDD<£5.5V,AVSs=Vss =0V) (212)
ltems Symbol Conditions MIN. TYP. | MAX. | Unit
Interrupt input high- tINTH, INTPO to INTP7 1.8V<VDD<55V 1 us
level width, low-level | tINTL (when the pin on which the function
width is in use is multiplexed with pin
functions other than P27 to P22)
INTP2 to INTP7 18V<AVDD<55V 1 ps
(when the pin on which the function
is in use is multiplexed with a pin
function from among P27 to P22)
RESET low-level RsL 10 Hs
width

Remark  fmck: Timer array unit operation clock frequency

(Operation clock to be set by the CKSmn bit of timer mode register mn (TMRmn). m: Unit number (m = 0), n: Channel

number (n =0 to 7))
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Minimum Instruction Execution Time During Main System Clock Operation

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

10
1.0 === ) . . .
_ i p When the high-speed on-chip oscillator clock is selected
2] 1 .
=
g H ! — — — During self-programming
(] b
Lt )
g : ! -.=-=.= When high-speed system clock is selected
= It il
2 ] :
> h ]
0.1 : A
q i
0.0625 froseeecenceeeeenneene. N VL
0.05 :'- ':
0.0417 frroeeareeees L === == —I_
0.01 ; :
0 1.0 20ii30 40 50 9560
2.4 2.7
Supply voltage Vop [V]
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Tcy vs VDD (LS (low-speed main) mode)

10
1.0F—71— === e - When the high-speed on-chip oscillator clock is selected
g b ~— = = During self-programming
-
e ; T When high-speed system clock is selected
Q
£ ]
2 ;
= k
© L
0125 ..................... : Sl > el i et
0.1 :
0.01 :
0 1.0 20 30 4.0 5.0 6.0
18 55
Supply voltage Voo [V]
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AC Timing Test Points

>< VIH/VoH > Test points < VIH/VoH ><
ViL/VoL

ViL/VoL

External System Clock Timing

1/fex

1/fexs
texL | tEXH
tEXLS tEXHS
EXCLK/EXCLKS 5
N\ N
TI/TO Timing
tTIL | tTIH

TIOO to TIO7

1/fTo
TOO00 to TOO07,
TRJIOO, TRJIO1,
TRJOO, TRJO1

tra

tTaH

TRJIOO, TRJIO1
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Interrupt Request Input Timing

tINTL | tINTH
INTPO to INTP7 l J) \

RESET Input Timing

tRSL
RESET \ /
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3.5 Peripheral Functions Characteristics

3.5.1  Serial array unit

(1) During communication at same potential (UART mode)
(TA=-40to +85°C, 1.8 V<AVDD =VDD<5.5V,AVSs =Vss =0V)

HS (high-speed LS (low-speed main)

Parameter | Symbol Conditions main) Mode Mode Unit
MIN. MAX. MIN. MAX.
Transfer rate 24V <VDD<55V fMck/6 fMCK/6 bps
Note 1 Note 2 Note 2
Theoretical value of the maximum transfer rate 4.0 1.3 Mbps
fmck = fcLk Note 3

1.8V<VpD<55V — fMCK/6 bps

Theoretical value of the maximum transfer rate — 1.3 Mbps
fmck = fcLk Note 3

Note 1. Transfer rate in the SNOOZE mode is 4800 bps only.
Note 2. The following conditions are required for low voltage interface.
2.4V <VDD < 2.7 V: MAX. 2.6 Mbps
1.8V < VDD < 2.4 V: MAX. 1.3 Mbps
Note 3. The maximum operating frequencies of the CPU/peripheral hardware clock (fcLk) are:
HS (high-speed main) mode: 24 MHz (2.7 V<VDD<5.5V)
16 MHz (2.4V <VDD <5.5V)
LS (low-speed main) mode: 8 MHz (1.8V<VDD<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).

UART mode connection diagram (during communication at same potential)

TxDqg Rx
RL78 microcontroller User’s device
RxDq Tx

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

1/Transfer rate
High-/Low-bit width
Baud rate error tolerance

TxDq
RxDq

Remark 1. g: UART number (q = 0 to 2), g: PIM or POM number (g =0, 1, 3, 4, 5, 8)

Remark 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, 11))
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(2) During communication at same potential (Simplified SPI(CSI) mode) (master mode, SCKp... internal clock
output)
(TA =-40to +85°C, 1.8 V< AVDD = VDD 5.5V, AVss =Vss =0 V)

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

SCKp cycle time tkeyl tkeyl 2 4/fcLk |2.7V<VbD <55V 167 500 ns
24V=sVpDs55V 250 500 ns
1.8V=sVDD=<55V — 500 ns

SCKp high-/low-level width tKH1, 40V<VDD<55V tkcy1/2 tkey1/2 ns

tKL1 -12 -50
27V<VDD<55V tkey1/2 tkey1/2 ns

-18 -50
24V<=sVDD=<55V tkCY1/2 - tkcy1/2 ns

38 -50
18V=sVbpDs55V — tkey1/2 ns

-50
Slp setup time (to SCKpt) Note 1 |tSIK1 40V<VbD<55V 44 110 ns
27V=sVDD<55V 44 110 ns
24V =sVpDs55V 75 110 ns
1.8V=sVDD<55V — 110 ns

Slp hold time (from SCKp?) Note 2 | tksi1 24V <sVpDs55V 19 19 ns

1.8V=sVDDs<55V — 19 ns

Delay time from SCKp| to SOp tkso1 C=30pF 27V=sVDD<55V 25 50 ns

output Note 3 Note 4 24V<VDD<55V 25 50 ns
1.8V=sVpDs55V — 50 ns

Note 1. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp setup time becomes “to SCKp|” when
DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

Note 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.

Note 3. 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.

Note 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 SCKp pin by using
port input mode register g (PIMg) and port output mode register g (POMg).

Remark 1. p: CSI number (p = 00, 10, 20), m: Unit number (m = 0, 1), n: Channel number (n = 0, 2),
g: PIMand POM number (g =0, 1, 3, 4, 5, 8)

Remark 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, 02, 10))
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(3) During communication at same potential (Simplified SPI(CSI) mode) (slave mode, SCKp... external clock

input)
(TA=-40to +85°C, 1.8 V<AVDD=VDD <55V, AVss =Vss=0V) (1/2)
HS (high-speed main) | LS (low-speed main)
Parameter Symbol Conditions Mode Mode Unit

MIN. MAX. MIN. MAX.
SCKp cycle time Note 5| tkcy2  [4.0V<VDD 5.5V | 20 MHz < fmMcK 8/fmMck — ns
fmMck <20 MHz 8/fmck 6/fMck ns
2.7V <VDpD<55V |16 MHz > fmck 8/fmMck — ns
fmMck < 16 MHz 6/fMCK 6/fMck ns
24V <VDD<55V 6/fmck and 6/fmck and ns

500 500
18V=sVDDs55V — 6/fmck and ns
750

SCKp high-/low-level | tkH2, 40V<VbD<55V tkey2/2 - 7 tkeyz/2 - 7 ns
width tKL2 27V<VDD<55V tkcy2/2 - 8 tkey2/2 - 8 ns
24V <VDpD<55V tkcy2/2 - 18 tkcy2/2 - 18 ns
18V=sVbpD<55V — tkcy2/2 - 18 ns
Slp setup time tsik2 27V<VDD<55V 1/fmck + 20 1/fmck + 30 ns
(to SCKpt) Note 1 24V<VDD<55V 1/fmck + 30 1/fmck + 30 ns
18V=sVbpD<55V — 1/fmck + 30 ns
Slp hold time tKsI2 24V <VDD<55V 1/fmck + 31 1/fmck + 31 ns
(from SCKpf) Note 2 1.8V<VDD<55V — 1/fmck + 31 ns
Delay time from tks02 | C =30 pF Note 4 27V<VpD<55V 2/fmck 2/fmck | ns

SCKp| to SOp output +44 + 110
Note 3 24V<VDD<55V 2/fmMck 2/fmck | ns

+75 + 110
18V=sVbpDs55V — 2/fmck | ns

+ 110

Note 1. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp setup time becomes “to SCKp|” when

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

Note 2. When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp hold time becomes “from SCKp|” when
DAPmMn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.

Note 3. 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.

Note 4. C is the load capacitance of the SOp output lines.

Note 5. The maximum transfer rate when using the SNOOZE mode is 1 Mbps.

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

Remark 1. p: CSI number (p = 00, 10, 20), m: Unit number (m = 0, 1), n: Channel number (n =0, 2), g: PIM number (g =0, 1, 3, 4, 5,
8)

Remark 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, 02, 10))
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(3) During communication at same potential (Simplified SPI(CSI) mode) (slave mode, SCKp... external clock

input)
(TA=-40to +85°C, 1.8 VS AVDD=VDD 5.5V, AVSs =Vss =0 V) (2/2)
HS (high-speed main) | LS (low-speed main)
Parameter Symbol Conditions Mode Mode Unit
MIN. MAX. MIN. MAX.
SSI00 setup time tssIK DAPmn =0 27V<VDpD<55V 120 120 ns
24V<VDD<55V 200 200 ns
1.8V=sVDD<55V — 200 ns
DAPmn =1 27V<VpD<55V | 1/fmck +120 1/fmck + 120 ns
24V <VpD<55V | 1l/fmck + 200 1/fmck + 200 ns
18V<sVDD<55V — 1/fmck + 200 ns
SS100 hold time tkssI DAPmn =0 27V<VpD<55V | l/fmck + 120 1/fmck + 120 ns
24V<sVpD<55V | 1/fmck + 200 1/fmck + 200 ns
1.8V<VDD<55V — 1/fmck + 200 ns
DAPmMn =1 27V=sVpDs55V 120 120 ns
24V<VDD<55V 200 200 ns
1.8V=sVDDs55V — 200 ns

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

Remark  p: CSI number (p = 00), m: Unit number (m = 0), n: Channel number (n = 0), g: PIM number (g = 3, 4)

Simplified SPI(CSI) mode connection diagram (during communication at same potential)

SCKp SCK
RL78 microcontroller Slp SO  User's device
SOp Sl

Simplified SPI(CSI) mode connection diagram (during communication at same potential)
(Slave transmission of slave select input function (CSI00))

SCKO00 SCK
SI00 SO
RL78 microcontroller User's device
SO00 SI
SSI00 SSO

Remark  p: CSI number (p = 00, 10, 20), m: Unit number (m = 0, 1), n: Channel number (n =0, 2)
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Simplified SPI(CSI) mode serial transfer timing (during communication at same potential)
(When DAPmMn =0 and CKPmn =0, or DAPmn =1 and CKPmn = 1.)

tKCY1, 2

tKL1, 2 | tKH1, 2 |

SCKp \ \ /

tSIK1, 2 tKsI1, 2

tkso1, 2
b))
L9
SOp Output data ><:
b))
w0
tSSIK tKssI
SSI00
(CSIO00 only) »

1S

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

tKCY1, 2

tKHL, 2 | tKLL, 2 |

SCKp / I [_eh \

tSIK1, 2 tKSI1, 2

tkso1, 2

b)}
«

SOp Output data

S

N
«

1SSIK tKssI

SSI00
(CSIO00 only) -

«

Remark  p: CSI number (p = 00, 10, 20), m: Unit number (m = 0, 1), n: Channel number (n =0, 2)

RO1DS0318EJ0111 Rev. 1.11 RENESAS Page 109 of 143
Mar 22, 2024



RL78/H1D 3. ELECTRICAL SPECIFICATIONS (R5F11R) (D: TA = -40 to +85°C)

(4) During communication at same potential (simplified I12C mode)
(TA=-40to +85°C, 1.8 VS AVDD=VDD 5.5V, AVSs =Vss =0 V)

HS (high-speed LS (low-speed

Parameter Symbol Conditions main) Mode main) Mode Unit
MIN. MAX. MIN. MAX.
SCLr clock frequency fscL 27V<VDD<55YV, 1000 400 kHz
Cb =50 pF, Rb =2.7 kQ Note 1 Note 1
1.8V (24 V Note3) < \/pp <55V, 400 400 | kHz
Cb =100 pF, Rb = 3 kQ Note 1 Note 1
1.8V (2.4 Vv Note3)<Vpp <27V, 300 300 kHz
Cb =100 pF, Rb =5 kQ Note 1 Note 1
Hold time when SCLr = “L” tLow 27V<VDD<55YV, 475 1150 ns
Cb =50 pF, Rb = 2.7 kQ
1.8V (2.4 Vv Note3)<Vpp <55V, 1150 1150 ns
Cb =100 pF, Rb =3 kQ
1.8V (2.4 Vv Note3)<Vpp <27V, 1550 1550 ns
Cb =100 pF, Rb =5 kQ
Hold time when SCLr = “H” tHIGH 27V<VDD<55YV, 475 1150 ns
Cb =50 pF, Rb = 2.7 kQ
1.8V (2.4 Vv Note3)<\pp <55V, 1150 1150 ns
Cb =100 pF, Rb = 3 kQ
1.8V (2.4VNote3)<\Vpp <27V, 1550 1550 ns
Cb =100 pF, Rb =5 kQ
Data setup time (reception) tSu: DAT 27V<VDD<55YV, 1/fmMcK + 1/fmcK + ns
Cb =50 pF, Rb = 2.7 kQ 85 Note 2 145 Note 2
1.8V (2.4 Vv Note3)<\pp <55V, 1/fMcK + 1/fmcK + ns
Cb =100 pF, Rb = 3 kQ 145 Note 2 145 Note 2
1.8V (24VNote3)<ypp<27V, | 1l/fmck+ 1/fmcK + ns
Cb =100 pF, Rb =5 kQ 230 Note 2 230 Note 2
Data hold time (transmission) tHD: DAT 27V<VDD<55YV, 0 305 0 305 ns
Cb =50 pF, Rb =2.7 kQ
1.8V (2.4 Vv Note3)<\pp <55V, 0 355 0 355 ns
Cb =100 pF, Rb =3 kQ
1.8V (2.4 Vv Note 3) <Vpp < 2.7V, 0 405 0 405 ns

Cb = 100 pF, Rb = 5 kQ

Note 1. The value must be equal to or less than fmck/4.
Note 2. Set the fmck value to keep the hold time of SCLr = “L” and SCLr = “H".
Note 3. Condition in the HS (high-speed main) mode

Caution  Select the normal input buffer and the N-ch open drain output (VDD tolerance) 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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Simplified 12C mode connection diagram (during communication at same potential)

SDAr

VbD

Rb

RL78 microcontroller

SCLr

SDA

SCL

User's device

Simplified 12C mode serial transfer timing (during communication at same potential)

1/fscL

tLow

tHIGH

SCLr \

SDAr /_\

tHD: DAT

tsu: DAT

Remark 1. Rb [Q]: Communication line (SDAr) pull-up resistance, Cb [F]: Communication line (SDAr, SCLr) load capacitance

Remark 2. r: IIC number (r = 00, 10, 20), g: PIM number (g =0, 1, 3, 4, 5, 8)
Remark 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 (m = 0, 1),

n: Channel number (n =0, 2), mn =00, 02, 10)
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RL78/H1D 3. ELECTRICAL SPECIFICATIONS (R5F11R) (D: TA = -40 to +85°C)

(5) Communication at different potential (1.8V, 2.5V, 3V) (UART mode)
(TA=-40to +85°C, 1.8 V<AVDD =VDD<5.5V,AVSs =Vss =0V) (2/2)
HS (high-speed | LS (low-speed
Parameter | Symbol Conditions main) Mode main) Mode Unit
MIN. MAX. MIN. MAX.

Transfer rate Reception |4.0V<VDD<55V,2.7V<Vhb<4.0V fMcK/6 fMCK/6 bps
Note 1 Note 1
Theoretical value of the maximum transfer rate 4.0 1.3 Mbps

fmck = fcLk Note 4

27V=sVDD<4.0V,23V<Vb<27V fMCK/6 fMCK/6 bps
Note 1 Note 1
Theoretical value of the maximum transfer rate 4.0 1.3 Mbps

fmck = fcLk Note 4

1.8V (2.4 Vv Note 5) < \pp < 3.3V, fMCK/6 fmMck/6 | bps
16V<Vb<s20V Notes 1, Notes 1,
2,3 2,3
Theoretical value of the maximum transfer rate 4.0 1.3 Mbps

fmck = fcLk Note 4

Note 1. Transfer rate in the SNOOZE mode is 4800 bps only.
Note 2. Use it with VDD = Vb
Note 3. The following conditions are required for low voltage interface.
2.4V VDD < 2.7 V: MAX. 2.6 Mbps
1.8V =<VDD < 2.4V: MAX. 1.3 Mbps
Note 4. The maximum operating frequencies of the CPU/peripheral hardware clock (fcLK) are:
HS (high-speed main) Mode: 24 MHz (2.7 V < VDD £5.5V)
16 MHz (2.4 V < VDD £ 5.5 V)
LS (low-speed main) Mode: 8 MHz (1.8 V<VDD<5.5V)
Note 5. Condition in the HS (high-speed main) mode

Caution  Select the TTL input buffer for the RxDg pin and the N-ch open drain output (VDD tolerance) mode for the TxDq
pin by using port input mode register g (PIMg) and port output mode register g (POMg). For ViH and VIL, see the
DC characteristics with TTL input buffer selected.

Remark 1. Vb [V]: Communication line voltage

Remark 2. g: UART number (q = 0 to 2), g: PIM or POM number (g =0, 1, 3, 4, 5, 8)

Remark 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, 11))
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3. ELECTRICAL SPECIFICATIONS (R5F11R) (D: TA = -40 to +85°C)

(5) Communication at different potential (1.8V, 2.5V, 3V) (UART mode)

(TA=-40to +85°C, 1.8 V<AVDD =VDD<5.5V,AVSs =Vss =0V)

(212)

HS (high-speed | LS (low-speed
Parameter | Symbol Conditions main) Mode main) Mode | Unit
MIN. | MAX. MIN. MAX.
Transfer Transmission [4.0V<VbD<55V,2.7V<Vb=<40V Note 1 Note 1 | bps
rate Theoretical value of the maximum transfer rate 2.8 2.8 | Mbps
Cb=50 pF, Rb=1.4KkQ,Vb=2.7V Note 2 Note 2
27V=sVDD<4.0V,23V<Vb<27V Note 3 Note 3 | bps
Theoretical value of the maximum transfer rate 1.2 1.2 Mbps
Cb=50pF, Rb=2.7kQ, Vb=23V Note 4 Note 4
1.8V (2.4 \/ Note 8) <VpD< 3.3V, Notes 5, 6 Notes 5, 6 bpS
16VsVbs20V
Theoretical value of the maximum transfer rate 0.43 0.43 | Mbps
Cb=50pF, Rb=55kQ,Vb=16V Note 7 Note 7

Note 1.

Note 2.

Note 3.

Note 4.

Note 5.

The smaller maximum transfer rate derived by using fmck/12 or the following expression is the valid maximum transfer

rate.

Expression for calculating the transfer rate when 4.0V <VDD<55Vand 2.7V<Vb<4.0V

1

Maximum transfer rate =
{-Cb xR

Baud rate error (theoretical value) =

> [bps]
bXIn(l—V—b)}X3

1
Transfer rate x 2

- {»CbXRbXIn(l»i)}
Vb

1
Transfer rate

) x Number of transferred bits

x 100 [%]

* This value is the theoretical value of the relative difference between the transmission and reception sides.

This value as an example is calculated when the conditions described in the “Conditions” column are met.

Refer to Note 1 above to calculate the maximum transfer rate under conditions of the customer.

The smaller maximum transfer rate derived by using fMck/6 or the following expression is the valid maximum transfer

rate.

Expression for calculating the transfer rate when 2.7V <Vbpb<4.0Vand 2.3V <Vb<27V

1

Maximum transfer rate =

[bps]

{—CbXbeln(l—ﬂ)}X3
Vb

Baud rate error (theoretical value) =

1
Transfer rate x 2

- {—CbXbeln(l—ﬂ)}
Vb

1
Transfer rate

) x Number of transferred bits

x 100 [%]

* This value is the theoretical value of the relative difference between the transmission and reception sides.

This value as an example is calculated when the conditions described in the “Conditions” column are met.

Refer to Note 3 above to calculate the maximum transfer rate under conditions of the customer.

Use it with VDD 2 Vb
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RL78/H1D 3. ELECTRICAL SPECIFICATIONS (R5F11R) (D: TA = -40 to +85°C)

Note 6. The smaller maximum transfer rate derived by using fMck/6 or the following expression is the valid maximum transfer
rate.

Expression for calculating the transfer rate when 1.8 V<Vbp<3.3Vand1.6V<Vb<20V

Maximum transfer rate = [bps]
{—CbXbeln(l—i )} x3
Vb

1

Transfer rate x 2
Baud rate error (theoretical value) = x 100 [%]

- {-Cbebxln(l-i)}
Vb

1

—— ) x Number of transferred bits
Transfer rate

* This value is the theoretical value of the relative difference between the transmission and reception sides.

Note 7. This value as an example is calculated when the conditions described in the “Conditions” column are met.
Refer to Note 6 above to calculate the maximum transfer rate under conditions of the customer.
Note 8. Condition in the HS (high-speed main) mode

Caution  Select the TTL input buffer for the RxDq pin and the N-ch open drain output (VDD tolerance) mode for the TxDq
pin by using port input mode register g (PIMg) and port output mode register g (POMg). For VIH and VIL, see the
DC characteristics with TTL input buffer selected.

UART mode connection diagram (during communication at different potential)

Vb
i
TxDq RXx
RL78 microcontroller User’s device
RxDq Tx
(Remarks are listed on the next page.)
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UART mode bit width (during communication at different potential) (reference)

1/Transfer rate
Low-bit width

High-bit width
Baud. rate error tolerance

\L
TxDq /

\ /1

1/Transfer rate
High-/Low-bit width
Baud rate error tolerance

——————————— -

RxDq <

Remark 1. Rb[Q]: Communication line (TxDq) pull-up resistance,

Cb [F]: Communication line (TxDq) load capacitance, Vb [V]: Communication line voltage
Remark 2. g: UART number (q = 0 to 2), g: PIM or POM number (g =0, 1, 3, 4, 5, 8)
Remark 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, 11))
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3. ELECTRICAL SPECIFICATIONS (R5F11R) (D: TA = -40 to +85°C)

(6) Communication at different potential (1.8 V, 2.5V, 3 V) (Simplified SPI(CSI) mode) (master mode, SCKp...
internal clock output)

(TA=-40to +85°C, 1.8 V< AVDD = VDD £5.5 V, AVSs =Vss =0 V) (1/2)
HS (high-speed | LS (low-speed
Parameter | Symbol Conditions main) Mode main) Mode Unit
MIN. MAX. MIN. MAX.
SCKp cycle |tkcyi tkCcy1 2 4/fclk |40V <VDD<55V,2.7V<Vb<40V, 300 1150 ns
time Cb =30 pF, Rb =1.4 kQ
27V=sVDD<4.0V,23V<sVbs27V, 500 1150 ns
Cb =30 pF, Rb =2.7 kQ Note 1
1.8V (2.4 yNote 2) < \pp < 3.3V, 1150 1150 ns
1.6V=<Vb<2.0V,Cb=30pF Rb=55kQ Note 1
SCKp high- | tkH1 40V=sVDD<55V,27V=<Vb=s4.0V, tkcy1/2 tkCcy1/2 ns
level width Cb =30 pF, Rb =1.4 kQ -75 -75
27V=sVDD<4.0V,23V<sVbhb<27YV, tkey1/2 tkey1/2 ns
Cb =30 pF, Rb = 2.7 kQ -170 -170
1.8V (2.4 VNote2) <Vpp < 3.3V, tkcy1/2 tkcy1/2 ns
1.6V<Vb<20V,Cb=30pF Rb=55kQ - 458 - 458
SCKp low- | tkL1 40V<=VDD<55V,27V=<Vb<40V, tkCy1/2 tKey1/2 ns
level width Cb =30 pF, Rb=1.4kQ -12 -50
27V<sVDD<4.0V,23V<sVb=s27YV, tkcy1/2 tkCcy1/2 ns
Cb =30 pF, Rb =2.7 kQ -18 -50
1.8V (2.4 VYNote 2) < \pp < 3.3V, tkcy1/2 tkey1/2 ns
1.6 V<Vb<2.0V,Cb=30pF Rb=55kQ -50 -50
Note 1. Use it with VDD 2 Vb
Note 2. Condition in the HS (high-speed main) mode
Caution  Select the TTL input buffer for the Slp pin and the N-ch open drain output (VDD tolerance) 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
VIL, see the DC characteristics with TTL input buffer selected.

(Remarks are listed two pages after the next page.)
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3. ELECTRICAL SPECIFICATIONS (R5F11R) (D: TA = -40 to +85°C)

(6) Communication at different potential (1.8 V, 2.5V, 3 V) (Simplified SPI(CSI) mode) (master mode, SCKp...

internal clock output)

(TA=-40t0 +85°C, 1.8 V= AVDD = VDD £5.5V,AVss =Vss =0 V)

(2/2)

Parameter

Symbol

Conditions

HS (high-speed
main) Mode

LS (low-speed
main) Mode

Unit

MIN.

MAX.

MIN.

MAX.

Slp setup time (to
SCKp|) Note 1

tSIK1

40V<sVDD<s55V,27V<sVb=<4.0V,
Cb =30 pF, Rb=1.4kQ

81

479

ns

2.7V<VDD<4.0V,23V<Vbs27V,
Cb = 30 pF, Rb = 2.7 kQ

177

479

ns

1.8V (2.4 VNote 4) < Vpp < 3.3 V,
1.6V <Vb<2.0V Note3 Cph=30pF, Rb = 5.5 kQ

479

479

ns

Slp hold time (from
SCKp)) Note 1

tKsI1

40V<VDD<55V,2.7V<Vb<40V,
Cb =30 pF, Rb = 1.4 kQ

19

19

ns

2.7VSVDD<4.0V,23V<Vb<2.7V,
Cb =30 pF, Rb = 2.7 kQ

19

19

ns

1.8V (2.4 VNote 4) < \V/pp < 3.3 V,
1.6V <Vb<2.0V Note3 Cp=30pF, Rb = 5.5 kQ

19

19

ns

Delay time from
SCKp1 to SOp
output Note 1

tkso1

40V<VDD<55V,27V<Vb<4.0V,
Cb =30 pF, Rb= 1.4 kQ

100

100 ns

27VsVDD<4.0V,23V<sVbs27YV,
Cb =30 pF, Rb = 2.7 kQ

195

195 ns

1.8V (2.4 VNote 4) < \ipp < 3.3V,
1.6 V<Vb<2.0VNote3 Cp=30pF, Rb=5.5kQ

483

483 ns

Slp setup time (to
SCKpl) Note 2

tsIK1

40V<sVDD<s55V,27V<sVb<4.0V,
Cb =30 pF, Rb=1.4kQ

44

110

ns

2.7VSVDD<4.0V,23V<Vbs27V,
Cb = 30 pF, Rb = 2.7 kQ

44

110

ns

1.8V (2.4 vNote 4) < Vpp < 3.3V,
1.6V<Vb<20VNote3 Cp=30pF, Rb=5.5kQ

110

110

ns

Slp hold time (from
SCKp|) Note 2

tKsI1

40V<VDD<55V,2.7V<Vb<40V,
Cb =30 pF, Rb = 1.4 kQ

19

19

ns

2.7VSVDD<4.0V,23V<Vb<2.7V,
Cb =30 pF, Rb = 2.7 kQ

19

19

ns

1.8V (2.4 VNote 4) < Vpp < 3.3 V,
1.6V <Vb<2.0V Note3 Cph =30 pF, Rb = 5.5 kQ

19

19

ns

Delay time from
SCKp1 to SOp
output Note 2

tkso1

40V<VDD<55V,27V<Vb<4.0V,
Cb =30 pF, Rb= 1.4 kQ

25

25 ns

27VsVDD<4.0V,23V=sVbs27YV,
Cb =30 pF, Rb = 2.7 kQ

25

25 ns

1.8V (2.4 VNote 4) < \ipp < 3.3V,
1.6 V<Vb<2.0VNote3 Cp=30pF, Rb=55kQ

25

25 ns

Note 1.
Note 2.
Note 3.
Note 4.

When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1.
When DAPmn = 0 and CKPmn = 1, or DAPmn = 1 and CKPmn = 0.
Use it with VDD = Vb

Condition in the HS (high-speed main) mode

(Caution and remarks are listed on the next page.)
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RL78/H1D 3. ELECTRICAL SPECIFICATIONS (R5F11R) (D: TA = -40 to +85°C)

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

VIL, see the DC characteristics with TTL input buffer selected

Simplified SPI(CSI) mode connection diagram (during communication at different potential)

<Master> Vb Vb

SCKp

RL78 microcontroller  SIp

SOp

SCK

SO User's device

Sl

Remark 1. Rb [Q]: Communication line (SCKp, SOp) pull-up resistance, Cb [F]: Communication line (SCKp, SOp) load capacitance,

Vb [V]: Communication line voltage

Remark 2. p: CSI number (p = 00, 10, 20), m: Unit number (m = 0, 1), n: Channel number (n =0, 2), g: PIM or POM number (g = 0,

1,3,4,5,8)
Remark 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, 02, 10))
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Simplified SPI(CSI) mode serial transfer timing (master mode) (during communication at different potential)
(When DAPmMn =0 and CKPmn =0, or DAPmn =1 and CKPmn = 1.)

tkcy1
tKL1 tKH1
SCKp \
X N
tsik1 tksi1
Sip Input data

tkso1

SOp Output data

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

tkcy1
tKH1 tKL1
SCKp /
N\
tsik1 tksI1
Slp Input data
tkso1 |
1
SOp Output data

Remark  p: CSI number (p = 00, 10, 20), m: Unit number (m = 0, 1), n: Channel number (n =0, 2),
g: PIM or POM number (g =0, 1, 3, 4, 5, 8)
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(7) Communication at different potential (1.8 V, 2.5V, 3 V) (Simplified SPI(CSI) mode) (slave mode, SCKp...
external clock input)
(TA=-40to +85°C, 1.8 V<AVDD = VDD 5.5V, AVsSs =Vss =0 V)

HS (high-speed main) | LS (low-speed main)
Parameter Symbol Conditions Mode Mode Unit
MIN. MAX. MIN. MAX.
SCKp cycle time tkcy2 |40V <VDD<55YV, |20 MHz < fmck 12/fmck — ns
Note 1 27VsVbs40V 18 MHz < fvck < 20 MHz | 10/fmck — ns
4 MHz < fmck < 8 MHz 8/fmck — ns
fMCK < 4 MHz 6/fmck — ns
27V <VDD<4.0V, |20 MHz < fmck 16/fmck — ns
23VsVb<27V 116 MHz < fMcK < 20 14/fmck — ns
MHz
8 MHz < fmck <16 MHz |  12/fmck — ns
4 MHz < fmMcK < 8 MHz 8/fmMck 16/fmck ns
fMcK < 4 MHz 6/fMcK 10/fmck ns
1.8V (2.4 yNote 6) < | 20 MHz < fmck 36/fMck — ns
VDD <33V, 16 MHz < fmck < 20 32/fmck — ns
16V<sVb=20V MHz
Note 2 8 MHz < fmck <16 MHz | 26/fMCK — ns
4 MHz < fmck < 8 MHz 16/fmck 16/fmck ns
fMCK < 4 MHz 10/fmck 10/fmek ns
SCKp high-/ tKH2, 40V<VDD<55V,2.7V £Vb<4.0V tkCy2/2 - tkCy2/2 - ns
low-level width tkL2 12 50
27V<VDD<4.0V,23V=sVh=s27V tkey2/2 - tkey2/2 - ns
18 50
1.8V (2.4 yNote 6) < \Vpp < 3.3V, tkey2/2 - tkey2/2 - ns
1.6 V<Vb<2,0V Note2 50 50
Slp setup time tsik2 40V<sVbDs55V,2.7V £Vbs4.0V 1/fmcK + 1/fmck + ns
(to SCKp1) Note 3 20 30
27V<VDD<4.0V,23V<sVhbs27V 1/fmMcK + 1/fmcK + ns
20 30
1.8V (2.4 yNote 6) < \Vpp < 3.3V, 1/fMcK + 1/fmMCK + ns
1.6 V<Vb<2.0V Note2 30 30
Slp hold time tksI2 40V<VbD<55V,2.7V £Vb=<4.0V 1/fmMcK + 1/fmcK + ns
(from SCKpt) Note 4 31 31
27VsVDD<4.0V,23V<sVbs27V 1/fmcK + 1/fmck + ns
31 31
1.8V (2.4 yNote 6) < Vpp < 3.3V, 1/fmcK + 1/fmcK + ns
1.6 V<Vb<20V Note2 31 31
Delay time from tkso2 [40V<VDD<55V,2.7V<Vb<4.0V, 2/fmck + 2/fmck + | ns
SCKp| to SOp Cb =30 pF, Rb = 1.4 kQ 120 573
output Note 5 27VSVDD<4.0V,23V<Vh<27V, 2/fmcK + 2/fMck + | ns
Cb =30 pF, Rb=2.7 kQ 214 573
1.8V (2.4 yNote 6) < Vpp < 3.3V, 2/fMcK + 2/fMck + | ns
1.6 V<Vb<2.0VNote2 573 573
Cb =30 pF, Rb = 5.5 kQ

(Notes, Cautions, and Remarks are listed on the next page.)
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3. ELECTRICAL SPECIFICATIONS (R5F11R) (D: TA = -40 to +85°C)

Note 1.

Note 2.

Note 3.

Note 4.

Note 5.

Note 6.

Caution

Transfer rate in the SNOOZE mode: MAX. 1 Mbps

Use it with VDD = Vb.

When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp setup time becomes “to SCKp|” when

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

When DAPmn = 0 and CKPmn = 0, or DAPmn = 1 and CKPmn = 1. The Slp hold time becomes “from SCKp|” when

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

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.

Condition in the HS (high-speed main) mode

Select the TTL input buffer for the Slp and SCKp pins, and the N-ch open drain output (VDD tolerance) mode for
the SOp pin by using port input mode register g (PIMg) and port output mode register g (POMg). For VIH and VIL,

see the DC characteristics with TTL input buffer selected.

Simplified SPI(CSI) mode connection diagram (during communication at different potential)

<Slave>

SCKp

RL78 microcontroller  Slp

SOp

Vb

g

SCK

SO User's device

Sl

Remark 1. Rb[Q]: Communication line (SOp) pull-up resistance, Cb [F]: Communication line (SOp) load capacitance,

Remark 2. p: CSI number (p = 00, 10, 20), m: Unit number (m = 0, 1), n: Channel number (n =0, 2),

Vb [V]: Communication line voltage

g: PIM or POM number (g =0, 1, 3, 4, 5, 8)
Remark 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, 02, 10))
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3. ELECTRICAL SPECIFICATIONS (R5F11R) (D: TA = -40 to +85°C)

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

tKCcy2

tkL2

tKH2

/
SCKp
tsik2 tksi2
Slp Input data
tkso2
SOp

Output data

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

tkey2
tKH2 tKL2
/
SCKp /
N
tsik2 tKsI2
Slp Input data
tkso2 .
SOp Output data

Remark  p: CSI number (p = 00, 10, 20), m: Unit number (m = 0, 1), n: Channel number (n =0, 2),

g: PIM or POM number (g =0, 1, 3, 4, 5, 8)
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RL78/H1D 3. ELECTRICAL SPECIFICATIONS (R5F11R) (D: TA = -40 to +85°C)

(8) Communication at different potential (1.8 'V, 2.5V, 3 V) (simplified 12C mode)

(TA=-40to +85°C, 1.8 VSAVDD=VDD<5.5V,AVss=Vss=0V) 2/2)
HS (high- LS (low-
N speed main) | speed main) )
Parameter Symbol Conditions Mode Mode Unit
MIN. | MAX. | MIN. | MAX.

SCLr clock frequency fscL 40V<VDD<55V,27V<Vb<40V, 1000 300 | kHz
Cb =50 pF, Rb = 2.7 kQ Note 1 Note 1
27VEVDD<4.0V,23V<Vb<27Y, 1000 300 | kHz
Cb =50 pF, Rb = 2.7 kQ Note 1 Note 1
40V<VDD<55V,27V<Vb<4.0V, 400 300 | kHz
Cb =100 pF, Rb = 2.8 kQ Note 1 Note 1
27V<VDD<4.0V,23V<Vb27YV, 400 300 | kHz
Cb =100 pF, Rb = 2.7 kQ Note 1 Note 1
1.8V (2.4 yNote4) <Vpp<3.3V, 400 300 | kHz
1.6 V<Vb<2.0VNote2 Ch=100pF, Rb =5.5kQ Note 1 Note 1

Hold time when SCLr =“L" |tLow 40V<VDD<55V,27V<Vb<40V, 475 1550 ns
Cb =50 pF, Rb = 2.7 kQ
27VEVDD<4.0V,23V<Vb<27YV, 475 1550 ns
Cb =50 pF, Rb = 2.7 kQ
40V<VDD<55V,27V<Vb<4.0V, 1150 1550 ns
Cb =100 pF, Rb = 2.8 kQ
27VEVDD<4.0V,23V<Vb<27YV, 1150 1550 ns
Cb =100 pF, Rb = 2.7 kQ
1.8V (2.4 yNote4) <Vpp < 3.3V, 1550 1550 ns
1.6V<Vb<20VNote2 Cp=100 pF, Rb=5.5kQ

Hold time when SCLr = “H” | tHIGH 40V=sVDD<55V,27V=<Vb=s4.0V, 245 610 ns
Cb =50 pF, Rb = 2.7 kQ
27VEVDD<4.0V,23V<Vb<27YV, 200 610 ns
Cb =50 pF, Rb = 2.7 kQ
40V<VDD<55V,27V<Vb<40V, 675 610 ns
Cb =100 pF, Rb = 2.8 kQ
27VEVDD<4.0V,23V<Vb<27YV, 600 610 ns
Cb =100 pF, Rb = 2.7 kQ
1.8V (2.4 yNote4) <Vpp < 3.3V, 610 610 ns
1.6V<Vb<2.0VNote2 Cph=100pF, Rb=5.5kQ
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RL78/H1D 3. ELECTRICAL SPECIFICATIONS (R5F11R) (D: TA = -40 to +85°C)

(8) Communication at different potential (1.8 'V, 2.5V, 3 V) (simplified 12C mode)

(TA=-40to +85°C, 1.8 VSAVDD=VDD<5.5V,AVss=Vss=0V) (2/2)
HS (high-speed LS (low-speed
Parameter Symbol Conditions main) Mode main) Mode Unit
MIN. MAX. MIN. MAX.

Data setup time (reception) |tSU:DAT [4.0V<VDD<55V,2.7V<Vb<40V, 1/fmcK + 1/fmcK + ns
Cb =50 pF, Rb = 2.7 kQ 135 Note 3 190 Note 2
27V<VDD<4.0V,23V=sVb=s27YV, 1/fmMcK + 1/fmcK + ns
Cb =50 pF, Rb = 2.7 kQ 135 Note 3 190 Note 2
40V<VDD=s55V,2.7V<Vb<4.0V, 1/fmcK + 1/fmcK + ns
Cb =100 pF, Rb = 2.8 kQ 190 Note 3 190 Note 3
27V=sVDD<4.0V,23V<=<Vb=27YV, 1/fmck + 1/fmck + ns
Cb =100 pF, Rb = 2.7 kQ 190 Note 3 190 Note 3
1.8V (2.4 yNote4) <Vpp<3.3V, 1/fmcK + 1/fmMcK + ns
1.6V<Vpb<2.0VNote2 190 Note 3 190 Note 3
Cb =100 pF, Rb = 5.5 kQ

Data hold time tHD:DAT |40V <VDD<55V,2.7V=<Vb<4.0V, 0 305 0 305 ns

(transmission) Cb =50 pF, Rb = 2.7 kQ
27VEVDD<4.0V,23V<SVb<27YV, 0 305 0 305 | ns
Cb =50 pF, Rb = 2.7 kQ
40V<VDD<55V,27V<Vb<4.0V, 0 355 0 355 | ns
Cb =100 pF, Rb = 2.8 kQ
27VEVDD<4.0V,23V<Vb<27YV, 0 355 0 355 | ns
Cb =100 pF, Rb = 2.7 kQ
1.8V (2.4 yNote4) <Vpp < 3.3V, 0 405 0 405 | ns
1.6V<Vb<20VNote2
Cb =100 pF, Rb = 5.5 kQ

Note 1. The value must be equal to or less than fmck/4.

Note 2. Use it with VDD 2 Vb

Note 3. Set the fmck value to keep the hold time of SCLr = “L” and SCLr = “H".
Note 4. Condition in the HS (high-speed main) mode

Caution  Select the TTL input buffer and the N-ch open drain output (VDD tolerance) mode for the SDAr pin and the N-ch

open drain output (VDD tolerance) mode for the SCLr pin by using port input mode register g (PIMg) and port
output mode register g (POMg). For ViH and VIL, see the DC characteristics with TTL input buffer selected.

(Remarks are listed on the next page.)

RO1DS0318EJ0111 Rev. 1.11 RENESAS Page 124 of 143
Mar 22, 2024



RL78/H1D 3. ELECTRICAL SPECIFICATIONS (R5F11R) (D: TA = -40 to +85°C)

Simplified 12C mode connection diagram (during communication at different potential)

Vb Vb
é Rb % Rb
SDAr SDA
RL78 microcontroller User's device
SCLr SCL

Simplified 12C mode serial transfer timing (during communication at different potential)

1/fscL

tLow tHIGH

SCLr \ e

1
SDAr

I
tHD: DAT tsu: DAT

Remark 1. Rb [Q]: Communication line (SDAr, SCLr) pull-up resistance, Cb [F]: Communication line (SDAr, SCLr) load capacitance,
Vb [V]: Communication line voltage

Remark 2. r: IIC number (r = 00, 10, 20), g: PIM, POM number (g =0, 1, 3, 4, 5, 8)

Remark 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 (m = 0),
n: Channel number (n =0, 2), mn =00, 02, 10)

3.5.2 Serial Interface UARTMG

(TA=-40to +85°C, 1.8 VS AVDD=VDD 5.5V, AVSs =Vss =0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate fsuB = 38.4 kHz 200 9600 bps
fsus = 38.4 kHz 200 19200 bps

(when the clock doubler is in use)
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RL78/H1D 3. ELECTRICAL SPECIFICATIONS (R5F11R) (D: TA = -40 to +85°C)

3.5.3 Serial interface [ICA
(1) 12C standard mode
(TA=-40to +85°C, 1.8 V< AVDD = VDD £5.5V, AVSS =Vss =0 V)

HS (high- d mai
(high-speed main) LS (low-speed main) Mode

Parameter Symbol Conditions Mode Unit
MIN. MAX. MIN. MAX.
SCLAO clock frequency fscL Standard mode: |2.7V<VDD<55V 0 100 0 100 kHz
fclk 2 1 MHz 1.8V (2.4 VNote 3) < 0 100 0 100 kHz
VoD <55V

Setup time of restart tsu: STA 27V<VDD<55V 4.7 4.7 us
condition 1.8V (2.4 VNoe 3) < Vpp < 5.5V 47 47 us
Hold time Note 1 tHD:STA |27V <VDD<55V 4.0 4.0 us
1.8V (2.4 VNote3) < Vpp <55V 4.0 4.0 us

Hold time tLow 27V<VDD<55V 4.7 4.7 us
when SCLAO ="L" 1.8V (2.4 VNoe 3) < Vpp < 5.5V 4.7 47 us
Hold time tHIGH 27V<VDD<55V 4.0 4.0 us
when SCLAQ = "H" 1.8V (2.4 VNote 3) < Vpp < 5.5 V 4.0 4.0 ks
Data setup time tSU:DAT |2.7V<VDD<55V 250 250 ns
(reception) 1.8V (2.4 VN0 3) S Voo <55V 250 250 ns
Data hold time tHD:DAT 2.7V <VDD<55V 0 3.45 0 3.45 Hs
(transmission) Note 2 1.8V (2.4 VNote 3) < \/pp < 5.5V 0 0 3.45 ps
Setup time of stop tsu:sto |2.7V<VDD<55V 4.0 4.0 us
condition 1.8V (2.4 VN0 3) < Vpp < 5.5V 4.0 4.0 us
Bus-free time tBUF 27V<VDD<55V 4.7 4.7 us
1.8V (2.4 VNote3) <Vpp< 55V 4.7 4.7 us

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

Note 2. The maximum value (MAX.) of tHD:DAT is during normal transfer and a clock stretch state is inserted in the ACK
(acknowledge) timing.

Note 3. Condition in the HS (high-speed main) mode

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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RL78/H1D 3. ELECTRICAL SPECIFICATIONS (R5F11R) (D: TA = -40 to +85°C)

(2) I12C fast mode
(TA=-40to +85°C, 1.8 V< AVDD = VDD £5.5 V, AVss =Vss =0 V)

HS (high-speed main) LS (low-speed main)
Parameter Symbol Conditions Mode Mode Unit
MIN. MAX. MIN. MAX.
SCLAO clock frequency | fscL Fast mode: 27V<VpD<55V 0 400 0 400 kHz
fclk 2 3.5 MHz 1.8V (2.4 VNote 3) < 0 400 0 400 kHz
VoD <55V

Setup time of restart tSU:STA |2.7V<VDD<55V 0.6 0.6 us
condition 1.8V (2.4 VNote 3) < VDD < 5.5 V 06 06 Ks
Hold time Note 1 tHD:STA [2.7V<VDD<55V 0.6 0.6 us
1.8V (2.4 VNote3) <\Vpp < 5.5V 0.6 0.6 us

Hold time tLow 27V<VDD<55V 1.3 13 us
when SCLAO ="L" 1.8V (2.4 VNote 3) < Vpp £ 5.5 V 13 13 Hs
Hold time tHIGH 27V<VDD<55V 0.6 0.6 us
when SCLAO = “H” 1.8V (2.4 VNote 3) < Vpp < 5.5 V 0.6 0.6 s
Data setup time tSU:DAT |2.7V<VDD<55V 100 100 ns
(reception) 1.8V (2.4 VNote 3) < Vpp < 5.5 V 100 100 ns
Data hold time tHD: DAT |2.7V<VDD<55V 0 0.9 0 0.9 us
(transmission) Note 2 1.8V (2.4 VNoe 3) S VoD < 5.5 V 0 0 0.9 us
Setup time of stop tsu:sto |2.7V<VDD<55V 0.6 0.6 us
condition 1.8V (2.4 VNote3) S Vpp <55V 0.6 0.6 Hs
Bus-free time tBUF 27V<VDD<55V 1.3 13 us
1.8V (2.4 VNote 3) <\pp < 5.5V 1.3 13 us

Note 1. The first clock pulse is generated after this period when the start/restart condition is detected.
Note 2. The maximum value (MAX.) of tHD: DAT is during normal transfer and a clock stretch state is inserted in the ACK

(acknowledge) timing.
Note 3. Condition in the HS (high-speed main) mode

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, Rb = 1.1 kQ
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(3) I2C fast mode plus
(TA =-40to +85°C, 1.8 V< AVDD = VDD £5.5 V, AVSs =Vss =0 V)

HS (high-speed main) LS (low-speed main)
Parameter Symbol Conditions Mode Mode Unit
MIN. MAX. MIN. MAX.
SCLAO clock frequency fscL Fast mode plus: 27V<VbD<55V 0 1000 — kHz
fcLk =2 10 MHz

Setup time of restart tsu: STA 27V<VDD<55V 0.26 — us
condition

Hold time Note 1 tHD:STA |27V <VDD <55V 0.26 — us
Hold time tLow 27V<VDD<55V 0.5 — us
when SCLAO = “L”

Hold time tHIGH 27V<VbpD<55V 0.26 — us
when SCLAO = “H”

Data setup time tSU: DAT 27V<VDD<55V 50 — ns
(reception)

Data hold time tHD: DAT 27V<VDD<55V 0 0.45 —_ us
(transmission) Note 2

Setup time of stop tsu: sTO 27V<VbDD<55V 0.26 — us
condition

Bus-free time tBUF 27V<VDD<55V 0.5 — us
Note 1. The first clock pulse is generated after this period when the start/restart condition is detected.
Note 2. The maximum value (MAX.) of tHD: DAT is during normal transfer and a clock stretch state is inserted in the ACK

(acknowledge) timing.
Remark  The maximum value of Cb (communication line capacitance) and the value of Rb (communication line pull-up resistor) at

that time in each mode are as follows.
Fast mode plus: Cb = 120 pF, Rb = 1.1 kQ

IICA serial transfer timing

tLow | trR

== | | it | [

I | ) —

SCLn | ! ] L
l 1 | I !

1 1 | 1 |

1 1 ! ! |

i | . | P

' ' tHD: DAT tsu: STA ! N tsu: sTO ‘ i

i : tHD: STA i i 1 3

l | | | | !

i | VLo o

! ! S s

sown il NG/ BLAN \_/
e b o

Stop o Slt_a;J I;_e;t;; Stop -
condition condition condition condition
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3.6 Analog Characteristics

3.6.1  A/D converter Characteristics

(1) When reference voltage (+) = VDD (ADREFP1 = 0, ADREFPO = 0), reference voltage (-) = Vss (ADREFM =
0), target pin: ANI8 to ANI10, internal reference voltage, and temperature sensor output voltage

(TA=-40to +85°C, 1.8 V< AVDD = VDD £5.5 V, AVss = Vss = 0 V, reference voltage (+) = VDD, reference voltage (=) =

Vss)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Resolution RES 8 10 bit
Overall error Note 1 AINL 10-bit resolution 1.8V=sVDD£55V 1.2 +7.0 LSB
Conversion time tCONV 10-bit resolution 3.6V<sVDD<55V 2.125 39 us

Target pin: ANI8 to ANI10 27V<VDD<55V 3.1875 39 us
18V<VbDs55V 17 39 us
10-bit resolution 3.6V<VDD<55V 2.375 39 us
Target pin: internal reference voltage 27V<VDD<55V 3.5626 39 us
and temperature sensor output voltage
. . 18V<VbDs55V 17 39 us
(HS (high-speed main) mode)
Zero-scale error Ezs 10-bit resolution 18V<sVbDs55V +0.60 %FSR
Notes 1, 2
Full-scale error EFs 10-bit resolution 18V<sVbDbs55V +0.60 %FSR
Notes 1, 2
Integral linearity error | ILE 10-bit resolution 1.8V<VDD<55V +4.0 LSB
Note 1
Differential linearity DLE 10-bit resolution 18V<sVbbs55V +2.0 LSB
error Note 1
Analog input voltage | VAIN ANI8 to ANI10 0 VDD
Internal reference voltage VBGR Note 3
(2.4V < VDD £ 5.5V, HS (high-speed main) mode)
Temperature sensor output voltage VTMPs25 Note 3 Vv
(2.4V <VDD £5.5V, HS (high-speed main) mode)

Note 1. Excludes quantization error (+1/2 LSB).
Note 2. This value is indicated as a ratio (%FSR) to the full-scale value.
Note 3. Refer to 3.6.2 Temperature sensor/internal reference voltage output characteristics.
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(2) When reference voltage (+) = Internal reference voltage (ADREFP1 = 1, ADREFPO = 0), reference voltage
(-) = Vss (ADREFM = 0), target pin: ANI8 to ANI10

(TA = -40 to +85°C, 2.4 V £ AVDD = VDD £ 5.5 V, AVss = Vss = 0 V, reference voltage (+) = VBGRNOte 3, reference
voltage (-) =Vss =0V, HS (high-speed main) mode)

Parameter Symbol Conditions MIN. | TYP. | MAX. Unit
Resolution RES 8 bit
Conversion time tCONV 8-bit resolution 24V <VDD<55V 17 39 us
Zero-scale error Notes1,2, Ezs 8-bit resolution 24V<VDD<55V +(0.60+0.35) | %FSR
Integral linearity error Note 1 ILE 8-bit resolution 24V<VDDs55V +(2.0+0.5) LSB
Differential linearity error Note 1 DLE 8-bit resolution 24V<sVDDs55V +(1.0+0.2) LSB
Analog input voltage VAIN 0 VBGR Note 3 \Y;

Note 1. Excludes quantization error (+1/2 LSB).
Note 2. This value is indicated as a ratio (%FSR) to the full-scale value.
Note 3. Refer to 3.6.2 Temperature sensor/internal reference voltage output characteristics.

3.6.2  Temperature sensor/internal reference voltage output characteristics

(TA =-40to +85°C, 2.4V £ AVDD = VDD £5.5V, AVss = Vss =0 V, HS (high-speed main) Mode)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Temperature sensor output VTEMP | TA=+25°C 1.05 \%
voltage

Internal reference voltage VBGR 1.38 1.45 1.5 \%
Temperature coefficient FvTMPS | Temperature sensor output voltage -3.6 mV/°C

that depends on the temperature
Operation stabilization wait time | tamp 24V <VpD<55V 5 us
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3.6.3 POR circuit characteristics

(TA = -40 to +85°C, Vss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Detection voltage VPOR Power supply rise time 1.47 151 1.55 \Y
VPDR Power supply fall time Note 1 1.46 1.50 1.54 \Y
Minimum pulse width Note 2 TPwi Other than STOP/SUB HALT/SUB 300 ps
RUN
TPw2 STOP/SUB HALT/SUB RUN 300 us
Note 1. If the power supply voltage falls while the voltage detector is off, be sure to either shift to STOP mode or execute a reset

by using the voltage detector or external reset pin before the power supply voltage falls below the minimum operating
voltage specified in 3.4 AC Characteristics.

Note 2. Minimum time required for a POR reset when VDD falls below VPDR. This is also the minimum time required for a POR
reset from when VDD exceeds below 0.7 V to when VDD exceeds VPOR while STOP mode is entered or the main system
clock is stopped through setting bit 0 (HIOSTOP) and bit 7 (MSTOP) in the clock operation status control register (CSC).

» Tpwi
" TPw2 R
VbD <« »
VPDR e S
0.7V ____. |
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3.6.4 LVD circuit characteristics

(1) LVD detection voltage in reset mode and interrupt mode
(TAa =-40to +85°C, VPDR £ AVDD = VDD £5.5 V, AVSSs = Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

Detection voltage | Supply voltage level | VLvDo Rising edge 3.98 4.06 4.14 \%
Falling edge 3.90 3.98 4.06

VLvD1 Rising edge 3.68 3.75 3.82 \%

Falling edge 3.60 3.67 3.74 \%

VLvD2 Rising edge 3.07 3.13 3.19 \%

Falling edge 3.00 3.06 3.12 \%

V/LvD3 Rising edge 2.96 3.02 3.08 Vv

Falling edge 2.90 2.96 3.02 \%

VLvVD4 Rising edge 2.86 2.92 2.97 Vv

Falling edge 2.80 2.86 2.91 \%

\/LVD5 Rising edge 2.76 2.81 2.87 Vv

Falling edge 2.70 2.75 2.81 \%

V/LVD6 Rising edge 2.66 2.71 2.76 Vv

Falling edge 2.60 2.65 2.70 \%

VLvD7 Rising edge 2.56 2.61 2.66 Vv

Falling edge 2.50 2.55 2.60 \%

\/LvD8 Rising edge 2.45 2.50 2.55 Vv

Falling edge 2.40 2.45 2.50 \%

V/LVD9 Rising edge 2.05 2.09 2.13 Vv

Falling edge 2.00 2.04 2.08 \%

VLvD10 Rising edge 1.94 1.98 2.02 Vv

Falling edge 1.90 1.94 1.98 \%

VLvD11 Rising edge 1.84 1.88 1.91 Vv

Falling edge 1.80 1.84 1.87 \%

Minimum pulse width tLw 300 us

Detection delay time 300 us

Caution  Set the detection voltage (VLvD) to be within the operating voltage range. The operating voltage range depends
on the setting of the user option byte (000C2H/010C2H). The following shows the operating voltage range.
HS (high-speed main) mode: VDD =2.7t0 5.5V @ 1 MHz to 24 MHz
VoD =2.4t055V @ 1 MHz to 16 MHz
LS (low-speed main) mode: VDD=1.8t055V @ 1 MHzto 8 MHz
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RL78/H1D 3. ELECTRICAL SPECIFICATIONS (R5F11R) (D: TA = -40 to +85°C)

(2) LVD Detection Voltage of Interrupt & Reset Mode
(TA =-40to +85°C, VPDR S AVDD = VDD £5.5 V, AVss = Vss =0 V)

Parameter Symbol Conditions MIN. | TYP. | MAX. | Unit
Interrupt and reset | VLvDBO | VPOC2, VPOC1, VPOCO = 0, 0, 1, falling reset voltage: 1.8 V 1.80 | 1.84 | 1.87 \%
mode VLVDB1 LVIS1, LVISO=1,0 Rising release reset voltage 1.94 | 1.98 | 2.02 \%

Falling interrupt voltage 190 | 1.94 | 1.98 \%
VLVDB2 LVIS1, LVIS0=0, 1 Rising release reset voltage 2.05 | 209 | 2.13 \%
Falling interrupt voltage 2.00 | 2.04 | 2.08 \%
VLvDB3 LVIS1, LVIS0=0,0 Rising release reset voltage 3.07 | 3.13 | 3.19 \%
Falling interrupt voltage 3.00 | 3.06 | 3.12 \%
Vwvbco | VPocz, VPoct, VPoco =0, 1, 0, falling reset voltage: 2.4 V 240 | 245 | 250 \%
VLvDC1 LVIS1, LVIS0=1,0 Rising release reset voltage 256 | 2.61 | 2.66 \
Falling interrupt voltage 250 | 255 | 2.60 \%
VLvDC2 LVIS1, LVIS0=0, 1 Rising release reset voltage 266 | 271 | 2.76 \
Falling interrupt voltage 2.60 | 2.65 | 2.70 \%
VLvDC3 LVIS1, LVIS0=0,0 Rising release reset voltage 3.68 | 3.75 | 3.82 \
Falling interrupt voltage 3.60 | 3.67 | 3.74 \%
Viwvbbo | VPoc2, VPocCi, VPoco = 0, 1, 1, falling reset voltage: 2.7 V 270 | 275 | 2.81 \%
VLvDD1 LVIS1, LVIS0=1,0 Rising release reset voltage 2.86 | 292 | 2.97 \%
Falling interrupt voltage 2.80 | 286 | 291 \%
VLVDD2 LVIS1, LVISO =0, 1 Rising release reset voltage 296 | 3.02 | 3.08 \%
Falling interrupt voltage 290 | 296 | 3.02 \%
VwvDC3 LVIS1, LVIS0O=0,0 Rising release reset voltage 3.98 | 4.06 | 414 \%
Falling interrupt voltage 3.90 | 3.98 | 4.06 \%

3.7 Power supply voltage rising slope characteristics

(TA=-40to +85°C,Vss=0V)
Parameter Symbol Conditions MIN. TYP. MAX. Unit

Power supply voltage rising slope SVbD 54 V/ms

Caution  Make sure to keep the internal reset state by the LVD circuit or an external reset until VDD reaches the operating
voltage range shown in 3.4 AC Characteristics.
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RL78/H1D 3. ELECTRICAL SPECIFICATIONS (R5F11R) (D: TA = -40 to +85°C)

3.8 LCD Characteristics

3.8.1 Resistance division method

(1) Static display mode
(TAa =-40to +85°C, VL4 (MIN.) S AVDD=VDD £5.5V,AVSs =Vss =0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

LCD drive voltage Via 2.0 VDD \%

(2) 1/2 bias method, 1/4 bias method
(TA =-40to +85°C, VL4 (MIN.) SAVDD=VDD £5.5V,AVss =Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

LCD drive voltage VL4 2.7 VDD \%

(3) 1/3 bias method
(TA =-40 to +85°C, VL4 (MIN.) < AVDD =VDD £5.5 V, AVsSs =Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
LCD drive voltage VL4 25 VDD \%
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RL78/H1D 3. ELECTRICAL SPECIFICATIONS (R5F11R) (D: TA = -40 to +85°C)

3.8.2 Internal voltage boosting method

(1) 1/3 bias method
(TA =-40to +85°C, 1.8 V< AVDD=VDD =55V, AVSs =Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
LCD output voltage variation range Vi1 CltoC4Notel |VLCD =04H 0.90 1.00 1.08 \%
=0.47 pFNote2 |y cD = 05H 0.95 1.05 1.13
VLCD = 06H 1.00 1.10 1.18 \%
VLCD = 07H 1.05 1.15 1.23 \%
VLCD = 08H 1.10 1.20 1.28 \%
VLCD = 09H 1.15 1.25 1.33 \%
VLCD = 0AH 1.20 1.30 1.38 \%
VLCD = 0BH 1.25 1.35 1.43 \%
VLCD = 0CH 1.30 1.40 1.48 \%
VLCD = ODH 1.35 1.45 1.53 \%
VLCD = OEH 1.40 1.50 1.58 \%
VLCD = OFH 1.45 1.55 1.63 \%
VLCD = 10H 1.50 1.60 1.68 \%
VLCD = 11H 1.55 1.65 1.73 \%
VLCD = 12H 1.60 1.70 1.78 \%
VLCD = 13H 1.65 1.75 1.83 \%
Doubler output voltage VL2 Clto C4Notel =047 uF 2V0w1-0.1 2Vl 2Vl \%
Tripler output voltage Via Clto C4 Notel =047 uF 3VL1-0.15 | 3Vl 3Vl \%
Reference voltage setup time Note 2 tVWAITL 5 ms
Voltage boost wait time Note 3 tVWAIT2 Clto C4 Notel=047uF 500 ms
Note 1. This is a capacitor that is connected between voltage pins used to drive the LCD.

C1: A capacitor connected between CAPH and CAPL
C2: A capacitor connected between VL1 and GND
C3: A capacitor connected between VL2 and GND
C4: A capacitor connected between VL4 and GND
C1=C2=C3=C4=0.47 pF+30%
Note 2. This is the time required to wait from when the reference voltage is specified by using the VLCD register (or when the
internal voltage boosting method is selected (by setting the MDSET1 and MDSETO bits of the LCDMO register to 01B) if
the default value reference voltage is used) until voltage boosting starts (VLCON = 1).
Note 3. This is the wait time from when voltage boosting is started (VLCON = 1) until display is enabled (LCDON = 1).
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(2) 1/4 bias method
(TA=-40to0 +85°C, 1.8 V< AVDD=VDD 5.5V, AVSs =Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit

LCD output voltage variation range Vi1 CltoCsNotel |VLCD = 04H 0.90 1.00 1.08 \Y

=0.47 pFNote2 |y cD = 05H 0.95 1.05 1.13

VLCD = 06H 1.00 1.10 1.18 \%

VLCD = 07H 1.05 1.15 1.23 \%

VLCD = 08H 1.10 1.20 1.28 \%

VLCD = 09H 1.15 1.25 1.33 \%

VLCD = 0AH 1.20 1.30 1.38 \%

Doubler output voltage VL2 Clto C5Notel =047 pF 2VLi1-0.08| 2Vi1 2V \Y

Tripler output voltage VL3 Clto C5Notel =047 uF 3V0w1-0.12| 3Vl 3Vl \%

Quadruply output voltage VL4 Clto C5Notel =047 uF 4V011-0.16| 4V 4V \%
Reference voltage setup time Note 2 tVWAIT1 5 ms
Voltage boost wait time Note 3 tVWAIT2 C1to C5 Note 1 = 0.47uF 500 ms

Note 1. This is a capacitor that is connected between voltage pins used to drive the LCD.
C1: A capacitor connected between CAPH and CAPL
C2: A capacitor connected between VL1 and GND
C3: A capacitor connected between VL2 and GND
C4: A capacitor connected between VL3 and GND
C5: A capacitor connected between VL4 and GND
C1=C2=C3=C4=C5=0.47 uF+30%
Note 2. This is the time required to wait from when the reference voltage is specified by using the VLCD register (or when the
internal voltage boosting method is selected (by setting the MDSET1 and MDSETO bits of the LCDMO register to 01B) if
the default value reference voltage is used) until voltage boosting starts (VLCON = 1).
Note 3. This is the wait time from when voltage boosting is started (VLCON = 1) until display is enabled (LCDON = 1).
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RL78/H1D 3. ELECTRICAL SPECIFICATIONS (R5F11R) (D: TA = -40 to +85°C)

3.8.3  Capacitor split method

(1) 1/3 bias method
(TA =-40to +85°C, 2.2V £ AVDD=VDD £5.5V, AVsSs =Vss =0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
VL4 voltage VL4 C1to C4 = 0.47 pF Note 2 VDD Y,
VL2 voltage Vi2 Clto C4 = 0.47 puF Note 2 2/3Via-0.1 | 2/3Via | 2/3Via+0.1 \%
VL1 voltage Vi1 C1lto C4 =0.47 uF Note 2 1/3Via-0.1 | 1/3Vi4a | 1/3Via+0.1 \Y
Capacitor split wait time Note 1 tYWAIT 100 ms

Note 1. This is the wait time from when voltage bucking is started (VLCON = 1) until display is enabled (LCDON = 1).
Note 2. This is a capacitor that is connected between voltage pins used to drive the LCD.

C1: A capacitor connected between CAPH and CAPL

C2: A capacitor connected between VL1 and GND

C3: A capacitor connected between VL2 and GND

C4: A capacitor connected between VL4 and GND

C1=C2=C3=C4=0.47 pF+30%
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RL78/H1D 3. ELECTRICAL SPECIFICATIONS (R5F11R) (D: TA = -40 to +85°C)

3.9 RAM Data Retention Characteristics

(TA = -40 to +85°C, Vss = 0 V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Data retention supply voltage VDDDR 1.46 Note 55 \Y
Note The value depends on the POR detection voltage. When the voltage drops, the RAM data is retained before a POR reset

is effected, but RAM data is not retained when a POR reset is effected.

<~———————— STOP mode - Operation mode

RAM data retention ——

VbD

? VDDDR

STOP instruction execution

Standby release signal /
(interrupt request) /

3.10 Flash Memory Programming Characteristics

(TA=-40to +85°C, 1.8 VS AVDD=VDD 5.5V, AVSs =Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. | Unit

System clock frequency fcLk 1.8V=<VDD<55V 1 24 MHz
Number of code flash rewrites Cerwr Retained for 20 years Ta=85°C 1,000 Times
Notes 1, 2, 3

Number of data flash rewrites Retained for 1 year TA=25°C 1,000,000

Notes 1, 2, 3 Retained for 5 years Ta=85°C 100,000

Retained for 20 years TA=85°C 10,000
Note 1. 1 erase + 1 write after the erase is regarded as 1 rewrite. The retaining years are until next rewrite after the rewrite.
Note 2. When using flash memory programmer and Renesas Electronics self-programming library
Note 3. These are the characteristics of the flash memory and the results obtained from reliability testing by Renesas Electronics
Corporation.

3.11 Dedicated Flash Memory Programmer Communication (UART)

(TA=-40to +85°C, 1.8 VSAVDD =VDD £5.5V,AVss=Vss=0V)

Parameter Symbol Conditions MIN. TYP. MAX. Unit
Transfer rate During serial programming 115,200 1,000,000 | bps
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RL78/H1D 3. ELECTRICAL SPECIFICATIONS (R5F11R) (D: TA = -40 to +85°C)

3.12 Timing of Entry to Flash Memory Programming Modes

(TA=-40to +85°C, 1.8 VS AVDD = VDD 5.5V, AVSs =Vss =0 V)

Parameter Symbol Conditions MIN. | TYP. | MAX. | Unit
How long from when an external reset ends until the |tsuiniT | POR and LVD reset must end 100 ms
initial communication settings are specified before the external reset ends.
How long from when the TOOLO pin is placed at the |tsu POR and LVD reset must end 10 us
low level until an external reset ends before the external reset ends.
How long the TOOLO pin must be kept at the low tHD POR and LVD reset must end 1 ms
level after an external reset ends before the external reset ends.
(excluding the processing time of the firmware to
control the flash memory)

<1>  <2> <3> <4>
RESET
723 ps + tHD
processing | 1-byte data for setting mode
time
TOOLO \ [ ...
tsu tsuINIT

<1> The low level is input to the TOOLO pin.

<2> The external reset ends (POR and LVD reset must end before the external reset ends).

<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: The segment shows that it is necessary to finish specifying the initial communication settings within 200 ms from
when the external resets end.
tsu: How long from when the TOOLO pin is placed at the low level until a pin reset ends
tHD: How long to keep the TOOLO pin at the low level from when the external resets end
(excluding the processing time of the firmware to control the flash memory)
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RL78/H1D 4. PACKAGE DRAWINGS

4. PACKAGE DRAWINGS

4.1 48-pin products
R5F11NGGAFB, R5F11INGFAFB

JEITA Package Code RENESAS Code Previous Code MASS[Typ.]
P-LFQFP48-7x7-0.50 PLQPO048KB-B — 0.2¢9
HD
*1 D
36 25
% A\ |
37 1T T 24
- 1T
- 1T
- T
- 1T
|- 1 [ w
o T ~ I
|- I - *
- 1T
- 1T
|- I -
48 [ 1T
13 L
\HH TR B
1 12 NOTE 4
Index area
NOTE 3
F NOTE)
1 DIMENSIONS “«1" AND "x2" DO NOT INCLUDE MOLD FLASH.
2. DIMENSION “x3" DOES NOT INCLUDE TRM OFFSET.
3. PN 1 VISUAL INDEX FEATURE MAY VARY, BUT MUST BE
S / , / \ \ LOCATED WITHN THE HATCHED AREA.
4. CHAMFERS AT CORNERS ARE OPTIONAL, SIZE MAY VARY.
Reference| Pimension in Milimeters
DY |S %3 Symbol 1 iy Nom | Max
€l % _Fx® D | 69 | 70 | 74
E 6.9 7.0 74
A2 —_— 1.4 —_—
HD 8.8 9.0 9.2
( q HE | 88 | 90 | 92
< <K — e A | — | — ] 7
(6]
\)_ < N A1 0.05 — 0.15
bp 0.17 0.20 0.27
< c 0.09 0.20
Lp 0 0° | 38| 8"
L1 ] | — | o5 | —
Detal F X _ — 0.08
y _— | — 0.08
Lp 0.45 0.6 0.75
L1 — 1.0 —
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4.2 64-pin products
R5F11NLGAFB, R5F11NLFAFB

JEITA Package Code RENESAS Code Previous Code MASS[Typ.]
P-LFQFP64-10x10-0.50 PLQPO0B4KB-C — 0.3g
HD
*1 D
48 33
HHAAAAAHAAAAAHAH Id
49 o E—= 32 .'!
=] ] =
] — - =|
] — - =|
] - — | I-=I
] - — | I-=I
s i - | E-
=] = I
=] =r=] ~ j-,
b3 ]
] — - =|
] - — I-=I
= - — I-=-
] — - =|
o i  — | EI
64 = | 7 I-i
I AN S
1 6
Index area NOTE 4
NOTE 3
F
NOTE)
1 1\ 1. DIMENSIONS " AND *x2' DO NOT INCLUDE MOLD FLASH.
J e 2. DIMENSION "3’ DOES NOT INCLUDE TRM OFFSET.
Bl B X 3 PN 1 VISUAL INDEX FEATURE MAY VARY, BUT MUST BE
{ =TS LOCATED WITHN THE HATCHED AREA,
Ay [s] 3 4 CHAMFERS AT CORNERS ARE OPTIONAL; SIZE MAY VARY.
*.
b
[ ° Bx @)
Reference Dimension in Milimeters
Symbol [ win Nom Max
D 99 | 100 | 101
E 09 | 100 | 101
A | — | 14 | —
( \ o WD | m8 | 120 | 122
<| ¢ / ol © HE | m8 | 120 | 122
_ 4 - Al — ] —1 17
AM | 0os | — | o
< bp 015 | 0.20 | 0.27
Lp ¢ | 009 0.20
L1 : ; -
8
Detail F 0 35 8
le] | — | 05 | —
x | — | — | o.08
y | — | — | 008
lp | 045 | 06 | 075
u | — 1 10 | —
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R5F11PLGABG, R5F11PLFABG

JEITA Package code RENESAS code MASS(TYP.)[g]

P-TFBGA64-4x4-0.40 PTBGO0G4LA-A 0.03

m

INDEX AREA

‘—— m)
|
\ |
! | | |y
[ : |
[\
[T]ycz = <
Dimension in Millimeters
Reference
Symbol .
Min. Nom. Max.
(ZE) — ‘e D 39 4.0 41
T - E 3.9 4.0 4.1
‘ " A - - 1.10
H| ©€00006 0%
G 000000 0® A1 0.15 0.20 0.25
=F1 83880885 | ! g
C 00000000
B| oooolcooo Y (€] - 040 -
A ooooioooeb ] 015
X - - .
12345678 | , 008
X - - .
|| _nxob $><1@SA@D\B@D\ y - — | 00
x2M | S y1 - - 0.20
n — 64 -
ZD — 0.60 -
ZE — 0.60 -
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PACKAGE DRAWINGS

4.3 80-pin products

R5F11INMGAFB, RSF11INMFAFB, R5F11NMEAFB

R5F11RMGDFB

JEITA Package Code

RENESAS Code

Previous Code

MASS (Typ) [d]

P-LFQFP80-12x12-0.50 PLQPO080OKB-B — 0.5
Hp
*1 p Unit: mm
60 41
HHAARARRAARARHARAAAE | Id
61 —m] o 40 b
] — %
] S ]
] S ]
 — - —
] ) ]
S = L
] R :-=
— — ]
— = w w ]
 m—— | N I E
1] o * —
] R I
— — ]
] S ]
] — ]
] — ]
] S ]
] R —
80 /1 21 ii
SRR <\ :
1 20 NoTE4  NOTE)
Index area 1. DIMENSIONS “*1’AND *“*2” DO NOT INCLUDE MOLD FLASH
NOTE 3 2. DIMENSION “*3" DOES NG INCLUDE TRIM OFFSET.
3. PIN 1 VISUA INDEX FEATURE MAY VARY, BUT MUST BE
LOCATED WITHINTHE HATCHEDAREA.
F 4. CHAMFERSAT CORNERSARE OPTIONAL, SIZE MY VARY.
S Reference| Dimensions in millimeter:
/] o [ 1\ Symbol | \in | Nom | Max
! | D | 119 120 121
E 119 | 12.0 | 12.1
N Y| S Az 1.4
*3
€ bp Hp 13.8 | 14.0 | 14.2
He 13.8 | 14.0 | 14.2
A 1.7
A1 0.05 . 0.15
bp 0.15 | 0.20 | 0.27
N ( \ 9 c 0.09 . 0.20
< h
< \ S e ‘ . 0-| 35| 8-
| = g 05
o :fj X 0.08
<
Lp y 0.08
L Lp 0.45 0.6 0.75
L1 1.0
Detail F
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REVISION HISTORY RL78/H1D Datasheet

Description

Rev. Date
Page Summary

1.00 Apr 13 2018 — First Edition issued

1.10 Apr 28 2023 Al The module name for CSI was changed to simplified SPI.

“Wait” was modified to “clock stretch”.

Addition of Note 3 in 1.1 Features

p.2 Modification of Note 3 to Note 4 in 1.1 Features

Modification of Note 4 to Note 5 in 1.1 Features

p.5 Modification of Figure 1 - 1 in 1.2 Ordering Information

Modification of Note 1 in 2.3.2 Supply current characteristics

31
P Modification of Note 4 in 2.3.2 Supply current characteristics

Modification of Note 1 in 2.3.2 Supply current characteristics

Modification of Note 5 in 2.3.2 Supply current characteristics

33 Deletion of Note 6 in 2.3.2 Supply current characteristics
p.

Modification of Note 7 to Note 6 in 2.3.2 Supply current characteristics

Modification of Note 8 to Note 7 in 2.3.2 Supply current characteristics

Modification of Note 9 to Note 8 in 2.3.2 Supply current characteristics

03 Modification of Note 1 in 3.3.2 Supply current characteristics
p.

Modification of Note 4 in 3.3.2 Supply current characteristics

Modification of Note 1 in 3.3.2 Supply current characteristics

Modification of Note 5 in 3.3.2 Supply current characteristics

p.95 Deletion of Note 6 in 3.3.2 Supply current characteristics

Modification of Note 7 to Note 6 in 3.3.2 Supply current characteristics

Modification of Note 8 to Note 7 in 3.3.2 Supply current characteristics

p.140 Replacement of PLQP0048KB-A with PLQP0048KB-B in 4.1 48-pin products

p.141 Replacement of PLQP0064KB-A with PLQP0064KB-C in 4.2 64-pin products
p.143 Replacement of PLQP0O080KB-A with PLQP0O080KB-B in 4.3 80-pin products
111 Mar 22 2024 p.5 Modification of table in 1.2 Ordering Information

6 Modification of Figure 1-1 Part Number, Memory Size, and Package of
- RL78/H1D

SuperFlash is a registered trademark of Silicon Storage Technology, Inc. in several countries
including the United States and Japan.

Caution: This product uses SuperFlash® technology licensed from Silicon Storage Technology, Inc.

All trademarks and registered trademarks are the property of their respective owners.
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General Precautions in the Handling of Microprocessing Unit and Microcontroller
Unit Products

The following usage notes are applicable to all Microprocessing unit and Microcontroller unit products from Renesas. For detailed usage
notes on the products covered by this document, refer to the relevant sections of the document as well as any technical updates that have
been issued for the products.

1. Precaution against Electrostatic Discharge (ESD)
A strong electrical field, when exposed to a CMOS device, can cause destruction of the gate oxide and ultimately degrade the device operation. Steps
must be taken to stop the generation of static electricity as much as possible, and quickly dissipate it when it occurs. Environmental control must be
adequate. When it is dry, a humidifier should be used. This is recommended to avoid using insulators that can easily build up static electricity.
Semiconductor devices must be stored and transported in an anti-static container, static shielding bag or conductive material. All test and measurement
tools including work benches and floors must be grounded. The operator must also be grounded using a wrist strap. Semiconductor devices must not be
touched with bare hands. Similar precautions must be taken for printed circuit boards with mounted semiconductor devices.

2. Processing at power-on
The state of the product is undefined at the time when power is supplied. The states of internal circuits in the LSI are indeterminate and the states of
register settings and pins are undefined at the time when power is supplied. In a finished product where the reset signal is applied to the external reset
pin, the states of pins are not guaranteed from the time when power is supplied until the reset process is completed. In a similar way, the states of pins
in a product that is reset by an on-chip power-on reset function are not guaranteed from the time when power is supplied until the power reaches the
level at which resetting is specified.

3. Input of signal during power-off state
Do not input signals or an I/O pull-up power supply while the device is powered off. The current injection that results from input of such a signal or /O
pull-up power supply may cause malfunction and the abnormal current that passes in the device at this time may cause degradation of internal elements.
Follow the guideline for input signal during power-off state as described in your product documentation.

4. Handling of unused pins
Handle unused pins in accordance with the directions given under handling of unused pins in the manual. The input pins of CMOS products are
generally in the high-impedance state. In operation with an unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of
the LSI, an associated shoot-through current flows internally, and malfunctions occur due to the false recognition of the pin state as an input signal
become possible.

5. Clock signals
After applying a reset, only release the reset line after the operating clock signal becomes stable. When switching the clock signal during program
execution, wait until the target clock signal is stabilized. When the clock signal is generated with an external resonator or from an external oscillator
during a reset, ensure that the reset line is only released after full stabilization of the clock signal. Additionally, when switching to a clock signal produced
with an external resonator or by an external oscillator while program execution is in progress, wait until the target clock signal is stable.

6. Voltage application waveform at input pin
Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the CMOS device stays in the area between V_(Max.)
and V| (Min.) due to noise, for example, the device may malfunction. Take care to prevent chattering noise from entering the device when the input level
is fixed, and also in the transition period when the input level passes through the area between V,_(Max.) and V4 (Min.).

7. Prohibition of access to reserved addresses
Access to reserved addresses is prohibited. The reserved addresses are provided for possible future expansion of functions. Do not access these
addresses as the correct operation of the LSI is not guaranteed.

8. Differences between products
Before changing from one product to another, for example to a product with a different part number, confirm that the change will not lead to problems.
The characteristics of a microprocessing unit or microcontroller unit products in the same group but having a different part number might differ in terms
of internal memory capacity, layout pattern, and other factors, which can affect the ranges of electrical characteristics, such as characteristic values,
operating margins, immunity to noise, and amount of radiated noise. When changing to a product with a different part number, implement a system-
evaluation test for the given product.



Notice

1. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
and application examples. You are fully responsible for the incorporation or any other use of the circuits, software, and information in the design of your
product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the use of
these circuits, software, or information.

2. Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights, or
other intellectual property rights of third parties, by or arising from the use of Renesas Electronics products or technical information described in this
document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.

3. No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or
others.

4. You shall be responsible for determining what licenses are required from any third parties, and obtaining such licenses for the lawful import, export,
manufacture, sales, utilization, distribution or other disposal of any products incorporating Renesas Electronics products, if required.

5. You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.

6. Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for
each Renesas Electronics product depends on the product’s quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home
electronic appliances; machine tools; personal electronic equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key
financial terminal systems; safety control equipment; etc.
Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space system;
undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas Electronics disclaims
any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas Electronics product that is
inconsistent with any Renesas Electronics data sheet, user’s manual or other Renesas Electronics document.

7. No semiconductor product is absolutely secure. Notwithstanding any security measures or features that may be implemented in Renesas Electronics
hardware or software products, Renesas Electronics shall have absolutely no liability arising out of any vulnerability or security breach, including but not
limited to any unauthorized access to or use of a Renesas Electronics product or a system that uses a Renesas Electronics product. RENESAS
ELECTRONICS DOES NOT WARRANT OR GUARANTEE THAT RENESAS ELECTRONICS PRODUCTS, OR ANY SYSTEMS CREATED USING
RENESAS ELECTRONICS PRODUCTS WILL BE INVULNERABLE OR FREE FROM CORRUPTION, ATTACK, VIRUSES, INTERFERENCE,
HACKING, DATA LOSS OR THEFT, OR OTHER SECURITY INTRUSION (“Vulnerability Issues”). RENESAS ELECTRONICS DISCLAIMS ANY AND
ALL RESPONSIBILITY OR LIABILITY ARISING FROM OR RELATED TO ANY VULNERABILITY ISSUES. FURTHERMORE, TO THE EXTENT
PERMITTED BY APPLICABLE LAW, RENESAS ELECTRONICS DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS OR IMPLIED, WITH
RESPECT TO THIS DOCUMENT AND ANY RELATED OR ACCOMPANYING SOFTWARE OR HARDWARE, INCLUDING BUT NOT LIMITED TO
THE IMPLIED WARRANTIES OF MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE.

8. When using Renesas Electronics products, refer to the latest product information (data sheets, user’s manuals, application notes, “General Notes for
Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc. Renesas
Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products outside of such
specified ranges.

9. Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics products
are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily injury,
injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as safety
design for hardware and software, including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment for aging
degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult and impractical, you are
responsible for evaluating the safety of the final products or systems manufactured by you.

10. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas
Electronics product. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance
with applicable laws and regulations.

11. Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is
prohibited under any applicable domestic or foreign laws or regulations. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.

12. ltis the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or
transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.

13. This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.

14. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas
Electronics products.

(Notel) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.
(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

(Rev.5.0-1 October 2020)

Corporate Headquarters Contact Information

TOYOSU FORESIA, 3-2-24 Toyosu, For further information on a product, technology, the most up-to-date
Koto-ku, Tokyo 135-0061, Japan version of a document, or your nearest sales office, please visit:
WWW.renesas.com www.renesas.com/contact/

Trademarks

Renesas and the Renesas logo are trademarks of Renesas Electronics
Corporation. All trademarks and registered trademarks are the property
of their respective owners.

© 2024 Renesas Electronics Corporation. All rights reserved.



	1. OUTLINE
	1.1 Features
	1.2 Ordering Information
	1.3 Pin Configuration (Top View)
	1.3.1 80-pin products (R5F11NM)
	1.3.2 64-pin products (R5F11NL)
	1.3.3 64-pin products (R5F11PL)
	1.3.4 48-pin products (R5F11NG)
	1.3.5 80-pin products (R5F11RM)

	1.4 Pin Identification
	1.5 Block Diagram
	1.5.1 80-pin products (R5F11NM)
	1.5.2 64-pin products (R5F11NL)
	1.5.3 64-pin products (R5F11PL), 48-pin products (R5F11NG)
	1.5.4 80-pin products (R5F11RM)

	1.6 Outline of Functions

	2. ELECTRICAL SPECIFICATIONS (R5F11N, R5F11P) (A: TA = -40 to +85°C)
	2.1 Absolute Maximum Ratings
	2.2 Oscillator Characteristics
	2.2.1 X1 and XT1 oscillator characteristics
	2.2.2 On-chip oscillator characteristics

	2.3 DC Characteristics
	2.3.1 Pin characteristics
	2.3.2 Supply current characteristics

	2.4 AC Characteristics
	2.4.1 Basic operation

	2.5 Peripheral Functions Characteristics
	2.5.1 Serial array unit
	2.5.2 Serial interface IICA

	2.6 Analog Characteristics
	2.6.1 A/D converter characteristics
	2.6.2 Temperature sensor/internal reference voltage output characteristics
	2.6.3 POR circuit characteristics
	2.6.4 LVD circuit characteristics
	2.6.5 Programmable gain instrumentation amplifier and 24-bit ΔΣ A/D converter
	2.6.6 Sensor power supply (SBIAS)
	2.6.7 Internal BIAS power supply
	2.6.8 Programmable gain instrumentation amplifier (PGA1)
	2.6.9 Operational amplifier 0 (AMP0)
	2.6.10 Operational amplifiers 1 and 2 (AMP1, AMP2)
	2.6.11 8-bit D/A converter (DAC0)
	2.6.12 12-bit D/A converter (DAC1)

	2.7 Power supply voltage rising slope characteristics
	2.8 LCD Characteristics
	2.8.1 Resistance division method
	2.8.2 Internal voltage boosting method
	2.8.3 Capacitor split method

	2.9 RAM data retention characteristics
	2.10 Flash Memory Programming Characteristics
	2.11 Dedicated Flash Memory Programmer Communication (UART)
	2.12 Timing of Entry to Flash Memory Programming Modes

	3. ELECTRICAL SPECIFICATIONS (R5F11R) (D: TA = -40 to +85°C)
	3.1 Absolute Maximum Ratings
	3.2 Oscillator Characteristics
	3.2.1 X1 and XT1 characteristics
	3.2.2 On-chip oscillator characteristics

	3.3 DC Characteristics
	3.3.1 Pin characteristics
	3.3.2 Supply current characteristics

	3.4 AC Characteristics
	3.5 Peripheral Functions Characteristics
	3.5.1 Serial array unit
	3.5.2 Serial Interface UARTMG
	3.5.3 Serial interface IICA

	3.6 Analog Characteristics
	3.6.1 A/D converter Characteristics
	3.6.2 Temperature sensor/internal reference voltage output characteristics
	3.6.3 POR circuit characteristics
	3.6.4 LVD circuit characteristics

	3.7 Power supply voltage rising slope characteristics
	3.8 LCD Characteristics
	3.8.1 Resistance division method
	3.8.2 Internal voltage boosting method
	3.8.3 Capacitor split method

	3.9 RAM Data Retention Characteristics
	3.10 Flash Memory Programming Characteristics
	3.11 Dedicated Flash Memory Programmer Communication (UART)
	3.12 Timing of Entry to Flash Memory Programming Modes

	4. PACKAGE DRAWINGS
	4.1 48-pin products
	4.2 64-pin products
	4.3 80-pin products

	REVISION HISTORY
	General Precautions in the Handling of Microprocessing Unit and MicrocontrollerUnit Products
	Notice



