LENESAS

HA178L00 Series

3-terminal Fixed Voltage Regulators

REJO3D0683-0300
Rev.3.00
Oct 24, 2007

Description

The HA178L00 series three-terminal fixed output voltage regulators. Can be used not only as stabilized power sources,
but also as Zener diodes because of their small outline package.

Features

e Maximum output current: 150 mA (Tj =25°C)
e Large maximum power dissipation: 800 mW

e Overcurrent protection

e Temperature protection circuit

Ordering Information

Application Standard Output Voltage Tolerance +8% A Version Output Voltage Tolerance +5%
Industrial use HA178LO0P HA178LO0PA
Commercial use HA178L00 HA178LO0A
HA178LO0OUA
REJO3D0683-0300 Rev.3.00 Oct 24, 2007 RENESAS

Page 1 of 15

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/5951127/HA178L05.html

HA178L00 Series

Output Voltage and Part No.

HA178LO0PA « HA178LOOP « HA178L0O0OA « HA178L00

Output Voltage (V) Part No. Package Name Package Code
25 HA178L02 TO-92 ModV PRSS0003DC-A
5 HA178L05
5.6 HA178L56
6 HA178L06
8 HA178L08
9 HA178L09
10 HA178L10
12 HA178L12
15 HA178L15
HA178LO0UA
Output Voltage (V) Part No. Marking Package Name Package Code
25 HA178L0O2UA 8A UPAKV PLZZ0004CA-A
5 HA178LO5UA 8B
5.6 HA178L56UA 8C
6 HA178LO6UA 8D
8 HA178LOSUA 8E
9 HA178LO9UA 8F
10 HA178L10UA 8G
12 HA178L12UA 8H
15 HA178L15UA 8J
REJO3D0683-0300 Rev.3.00 Oct 24, 2007 RENESAS

Page 2 of 15

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/5951127/HA178L05.html

HA178L00 Series

Pin Arrangement

e TO-92 ModV e UPAKV

U 1. OUT
3

1.0UT 2.GND
1 > 2.GND 3.IN
3 3.IN 4. GND
Block Diagram
_ 3) IN
Over Current
Protection
(1) oUT
. Error
Amp.
Vref=25V
Temperature Reference
Protection Voltage
(2) GND

Standard Circuit

Input Output
o HA178Lxx o
Vin Vour
L Cin L Court
0.33uF 0.1uF
7T
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HA178L00 Series

UPAKYV Product (HA178L0O0UA) Mark Patterns

The mark patterns shown below are used on UPAKYV products, as the package is small. Note that the product code and
mark pattern are different.

The pattern is laser-printed.

Band mark

N

out[ | mg)
1

GND | (

[

QG @ 6

Notes: 1. Boxes (1) to (5) in the figures show the position of the letters or numerals, and are not actually marked on

the package.
2. (1) and (2) show the product-specific mark pattern.

Output Voltage (V) Part No. Mark Pattern (2 digit)
25 HA178L02UA 8A
5 HA178LO5UA 8B
5.6 HA178L56UA 8C
6 HA178LO6UA 8D
8 HA178L08BUA 8E
9 HA178LO9UA 8F
10 HA178L10UA 8G
12 HA178L12UA 8H
15 HA178L15UA 8J
3. (3) shows the production year code (the last digit of the year).
4. (4) shows the production month code.
Production Month 1 2 3 4 5 8 10 11 12
Marked Code A B C D E H J K L M
5. (5) shows the production week code.
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HA178L00 Series

Absolute Maximum Ratings

(Ta=25°C)
Iltem Symbol Rating Unit Note
Input voltage ViN 35 \%
Power dissipation Pr 800 mwW TO-92 ModV *'
800 UPAKV **
Operating ambient temperature Topr —40 to +85 °C
Storage temperature Tstg —55 to +150 °C

Note: 1.

Ta < 25°C, If Ta >25°C, derate by 6.4 mW/°C (See figure A)

2. 15mm x 25mm x 0.7 mm alumina ceramic board, Ta < 25°C (See figure B)

1,000 ~ 1,200 \ \ \ \ \
% % (1) Non Board
~ ~ 1.000 |- (2) 15mm x 25mm x 0.7mm |
~ 800 - . .
o o Alumina Ceramic Board
5 5 800
AN
(2] (]
7 7 \(2)
= = 600
e 416 2 \
o 400 o
2 2 N
& L 400 N
1) AN
S IS N
x x S o ~
@© © S4N
= 0 s 0 IO
-20 0 25 50 7585 100 25 50 75 100 125 150
Ambient Temperature Ta (°C) Ambient Temperature Ta (°C)
Figure A Figure B
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HA178L00 Series

Electrical Characteristics

HA178L02
(Vin=10V, Ioyr =40 mA, 0°C < Tj £ 125°C, Cix = 0.33 puF, Coyr = 0.1 uF)
HA178LO02PA
HA178L02P HA178L02A
HA178L02 HA178LO2UA
Item Symbol Min Typ Max Min Typ Max Unit Test Conditions
Output voltage Vour 2.32 248 2.64 2.38 2.48 2.58 \Y Tj=25°C
Line regulation AVoLine — 35 125 — 35 95 mV Tj=25°C | 7V<sVnN=S20V
— 30 100 — 30 75 8VsVnys20V
Load regulation AVoLoap — 14 — — 14 — mV Tj=25°C | 1.0 mA < loyr £ 150 mA
— 9.5 50 — 9.5 50 1.0 mA < loyr < 100 mA
— 4.5 25 — 45 25 1.0 mA < loyr <40 mA
Output voltage Vour 2.28 — 2.68 2.35 — 2.61 \Y 7V<sVn<20V,
1.0 mA < lour £40 mA
2.28 — 2.68 2.35 — 2.61 Vin=9V, 1.0 mA < loyr <70 mA
Quiescent current la — 3.0 6.0 — 3.0 6.0 mA Tj=25°C
Quiescent current Alq — — 1.5 — — 1.5 mA 8.0V<sVnN=20V,Tj=25°C
change — — 0.2 — — 0.1 1.0 mA < lour £40 mA, Tj = 25°C
Ripple rejection Rrey — 60 — — 60 — dB f=120Hz, 8.0V =Vin<18YV,
ratio Tj=25°C
Temperature AVout/ATj — +0.2 — — +0.2 — mV/°C | lout =5 mA
coefficient of output
voltage
HA178L05
(Vin =10V, Ioyr = 40 mA, 0°C < Tj < 125°C, Ciy = 0.33 pF, Cour = 0.1 pF)
HA178LO5PA
HA178L05P HA178L05A
HA178L05 HA178LO5UA
Item Symbol Min Typ Max Min Typ Max Unit Test Conditions
Output voltage Vour 4.68 5.0 5.32 4.8 5.0 5.2 \Y Tj=25°C
Line regulation AVoLine — 55 200 — 55 150 mV Tj=25°C | 7V<VnN=20V
— 45 150 — 45 100 8VsVys20V
Load regulation AVoLoap — 16 — — 16 — mV Tj=25°C | 1.0 mA < loyr £ 150 mA
— 11 60 — 11 60 1.0 mA < loyr < 100 mA
— 5.0 30 — 5.0 30 1.0 mA < loyr <40 mA
Output voltage Vour 4.6 — 5.4 4.75 — 5.25 \Y 7V<Vn<20V,
1.0 mA < loyr <40 mA
46 — 5.4 4.75 — 5.25 Vin=10V, 1.0 mA < loyr £ 70 mA
Quiescent current la — 3.0 6.0 — 3.0 6.0 mA Tj=25°C
Quiescent current Alg — — 1.5 — — 1.5 mA 80V<=sVnN=20V,Tj=25°C
change — — 0.2 — — 0.1 1.0 mA < lour €40 mA, Tj = 25°C
Ripple rejection Rrey — 58 — — 58 — dB f=120Hz, 8.0V <Vy<18YV,
ratio Tj=25°C
Temperature AVour/ATj — +0.1 — — +0.1 — mV/°C | lour =5 mA
coefficient of output
voltage
Dropout voltage Vprop — 1.7 — — 1.7 — \% Tj=25°C
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HA178L00 Series

HA178L56
(Vin=11V, Ioyr =40 mA, 0°C < Tj £ 125°C, Cy = 0.33 pF, Coyr = 0.1 uF)
HA178L56PA
HA178L56P HA178L56A
HA178L56 HA178L56UA
Item Symbol Min Typ Max Min Typ Max Unit Test Conditions
Output voltage Vour 5.24 5.6 5.96 5.38 5.6 5.82 \Y Tj=25°C
Line regulation AVoune — 50 200 — 50 150 mV Tj=25°C | 7.6 VsVy=21V
— 45 150 — 45 100 85VsVy=s21V
Load regulation AVoLoap — 17 — — 17 — mV Tj=25°C | 1.0 mA < lgyr £ 150 mA
— 11 60 — 11 60 1.0 mA < loyr < 100 mA
— 5.0 30 — 5.0 30 1.0 mA < loyr <40 mA
Output voltage Vour 5.16 — 6.04 5.32 — 5.88 \% 76VsVns21V,
1.0 mA < lour £40 mA
5.16 — 6.04 5.32 — 5.88 Vin=11V, 1.0 mA < loyr £ 70 mA
Quiescent current la — 3.0 6.0 — 3.0 6.0 mA Tj=25°C
Quiescent current Alg — — 1.5 — — 1.5 mA 85V<sVnN=20V,Tj=25°C
change — — 0.2 — — 0.1 1.0 mA < lour <40 mA, Tj = 25°C
Ripple rejection Rrey — 58 — — 58 — dB f=120Hz, 85V <Vy<185YV,
ratio Tj=25°C
Temperature AVout/ATj —_ +0.1 —_ — +0.1 — mV/°C | lour =5 mA
coefficient of output
voltage
Dropout voltage Vprop — 1.7 — — 1.7 — \% Tj=25°C
HA178L06
(Vin=11 V, Igyr =40 mA, 0°C < Tj £ 125°C, Cy = 0.33 uF, Coyr = 0.1 pF)
HA178LO6PA
HA178L06P HA178L0O6A
HA178L06 HA178LO6UA
Item Symbol Min Typ Max Min Typ Max Unit Test Conditions
Output voltage Vour 5.61 6.0 6.39 5.76 6.0 6.24 \Y Tj=25°C
Line regulation AVoLNe — 50 200 — 50 150 mV Tj=25°C | 81V=sVn=21V
— 45 150 — 45 110 9.0VsVys21V
Load regulation AVoLoap — 17.5 — — 17.5 — mV Tj=25°C | 1.0 mA < loyr < 150 mA
— 12 70 — 12 70 1.0 mA < loyt < 100 mA
— 55 35 — 5.5 35 1.0 mA < lour <40 mA
Output voltage Vour 5.52 — 6.48 5.7 — 6.3 \Y 8.1V<sVy=s21V,
1.0 mA < loyr <40 mA
5.52 — 6.48 5.7 — 6.3 Vin=11V, 1.0 mA < loyr < 70 mA
Quiescent current la — 3.0 6.0 — 3.0 6.0 mA Tj=25°C
Quiescent current Alg — — 1.5 — — 1.5 mA 9.0V=sVn=20V, Tj=25°C
change — — 0.2 — — 0.1 1.0 mA < lour <40 mA, Tj = 25°C
Ripple rejection RRes — 57 — — 57 — dB f=120Hz, 9.0V=sVn<19V,
ratio Tj=25°C
Temperature AVout/ATj — +0.1 — — +0.1 — mV/°C | lour =5 mA
coefficient of output
voltage
Dropout voltage Vbrop — 1.7 — — 1.7 — \ Tj=25°C
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HA178L00 Series

HA178L08
(Vin=14V, Iouyr =40 mA, 0°C < Tj £ 125°C, Cy = 0.33 pF, Coyr = 0.1 uF)
HA178LO8PA
HA178L08P HA178L08A
HA178L08 HA178LO8UA
Item Symbol Min Typ Max Min Typ Max Unit Test Conditions
Output voltage Vour 7.48 8.0 8.52 7.7 8.0 8.3 \Y Tj=25°C
Line regulation AVoLNe — 20 200 — 20 175 mV Tj=25°C | 105V <Vy<23V
— 12 150 — 12 125 1MVsVn=s23V
Load regulation AVoLoap — 22 — — 22 — mV Tj=25°C | 1.0 mA < lgyr £ 150 mA
— 15 80 — 15 80 1.0 mA < loyr < 100 mA
— 7.0 40 — 7.0 40 1.0 mA < loyr <40 mA
Output voltage Vour 7.36 — 8.64 7.6 — 8.4 Vv 10.5V<=sVy=s23YV,
1.0 mA < lour £40 mA
7.36 — 8.64 7.6 — 8.4 Vin=14V, 1.0 mA < loyr £ 70 mA
Quiescent current la — 3.0 6.5 — 3.0 6.5 mA Tj=25°C
Quiescent current Alg — — 1.5 — — 1.5 mA 1M1VsVys23V,Tj=25°C
change — — 0.2 — — 0.1 1.0 mA < lour <40 mA, Tj = 25°C
Ripple rejection Rrey — 55 — — 55 — dB f=120Hz, 12V <Vy<23V,
ratio Tj=25°C
Temperature AVout/ATj —_ -0.1 —_ — -0.1 — mV/°C | lour =5 mA
coefficient of output
voltage
Dropout voltage Vprop — 1.7 — — 1.7 — \% Tj=25°C
HA178L09
(Vin=15V, Igur =40 mA, 0°C < Tj £ 125°C, Cy = 0.33 uF, Coyr = 0.1 pF)
HA178LO9PA
HA178L09P HA178L09A
HA178L09 HA178LO9UA
Item Symbol Min Typ Max Min Typ Max Unit Test Conditions
Output voltage Vour 8.42 9.0 9.58 8.64 9.0 9.36 \Y Tj=25°C
Line regulation AVoune — 80 230 — 80 200 mV Tj=25°C | 114V <V<24V
— 20 160 — 20 160 12V<sVns24V
Load regulation AVoLoap — 245 — — 24.5 — mV Tj=25°C | 1.0 mA < loyr < 150 mA
— 17 90 — 17 90 1.0 mA < loyt < 100 mA
— 8.0 45 — 8.0 45 1.0 mA < loyr <40 mA
Output voltage Vour 8.28 — 9.72 8.55 — 9.45 \Y 114V<sVys24V,
1.0 mA < loyr <40 mA
8.28 — 9.72 8.55 — 9.45 Vin=15V, 1.0 mA < loyr < 70 mA
Quiescent current la — 3.1 6.5 — 3.1 6.5 mA Tj=25°C
Quiescent current Alg — — 1.5 — — 1.5 mA 12V V<24V, Tj=25°C
change — — 0.2 — — 0.1 1.0 mA < lour <40 mA, Tj = 25°C
Ripple rejection RRes — 55 — — 55 — dB f=120Hz, 12V sV <24V,
ratio Tj=25°C
Temperature AVout/ATj — -0.15 — — -0.15 — mV/°C | lour =5 mA
coefficient of output
voltage
Dropout voltage Vbrop — 1.7 — — 1.7 — \ Tj=25°C
REJ03D0683-0300 Rev.3.00 Oct 24, 2007 RENESAS
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HA178L00 Series

HA178L10
(Vin=16 V, Ioyr =40 mA, 0°C < Tj £ 125°C, Cy = 0.33 pF, Coyr = 0.1 uF)
HA178L10PA
HA178L10P HA178L10A
HA178L10 HA178L10UA
Item Symbol Min Typ Max Min Typ Max Unit Test Conditions
Output voltage Vour 9.35 10 10.65 9.6 10 10.4 \Y Tj=25°C
Line regulation AVoLine — 80 230 — 80 230 mV Tj=25°C | 125V <Vy<25V
— 30 170 — 30 170 13VsVns25V
Load regulation AVoLoap — 26 — — 26 — mV Tj=25°C | 1.0 mA < loyr £ 150 mA
— 18 90 — 18 90 1.0 mA < loyr < 100 mA
— 8.5 45 — 8.5 45 1.0 mA < loyr <40 mA
Output voltage Vour 9.2 — 10.8 9.5 — 10.5 \Y 125V<sVy<s25Y,
1.0 mA < lour £40 mA
9.2 — 10.8 9.5 — 10.5 Vin=16V, 1.0 mA < loyr £ 70 mA
Quiescent current la — 3.1 6.5 — 3.1 6.5 mA Tj=25°C
Quiescent current Alg — — 1.5 — — 1.5 mA 13VsVNs25V,Tj=25°C
change — — 0.2 — — 0.1 1.0 mA < lour <40 mA, Tj = 25°C
Ripple rejection Rrey — 54 — — 54 — dB f=120Hz, 13V <Vny<24V,
ratio Tj=25°C
Temperature AVout/ATj —_ -0.2 —_ — -0.2 — mV/°C | lour =5 mA
coefficient of output
voltage
Dropout voltage Vprop — 1.7 — — 1.7 — \% Tj=25°C
HA178L12
(Vin=19 V, Igur =40 mA, 0°C < Tj £ 125°C, Cy = 0.33 uF, Coyr = 0.1 pF)
HA178L12PA
HA178L12P HA178L12A
HA178L12 HA178L12UA
Item Symbol Min Typ Max Min Typ Max Unit Test Conditions
Output voltage Vour 11.22 12 12.78 | 115 12 12.5 Y, Tj=25°C
Line regulation AVoune — 120 250 — 120 250 mV Tj=25°C | 145V <V<s27V
— 100 200 — 100 200 1B6V<sVNs27V
Load regulation AVoLoap — 28.5 — — 28.5 — mV Tj=25°C | 1.0 mA < loyr < 150 mA
— 20 100 — 20 100 1.0 mA < loyr < 100 mA
— 10 50 — 10 50 1.0 mA < loyr <40 mA
Output voltage Vour 11.04 — 1296 | 114 — 12.6 \Y 145V<sVys27V,
1.0 mA < loyr <40 mA
11.04 — 1296 | 11.4 — 12.6 Vin=19V, 1.0 mA < loyr < 70 mA
Quiescent current la — 3.1 6.5 — 3.1 6.5 mA Tj=25°C
Quiescent current Alg — — 1.5 — — 1.5 mA 16V<sVN<27V,Tj=25°C
change — — 0.2 — — 0.1 1.0 mA < lour <40 mA, Tj = 25°C
Ripple rejection RRes — 52 — — 52 — dB f=120Hz, 15V V<25V,
ratio Tj=25°C
Temperature AVout/ATj — -0.3 — — -0.3 — mV/°C | lour =5 mA
coefficient of output
voltage
Dropout voltage Vbrop — 1.7 — — 1.7 — \ Tj=25°C
REJ03D0683-0300 Rev.3.00 Oct 24, 2007 RENESAS
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HA178L00 Series

HA178L15
(Vin=23 V, Iour =40 mA, 0°C < Tj £ 125°C, Cy = 0.33 pF, Coyr = 0.1 uF)
HA178L15PA
HA178L15P HA178L15A
HA178L15 HA178L15UA
Item Symbol Min Typ Max Min Typ Max Unit Test Conditions
Output voltage Vour 14.03 15 15.97 | 144 15 15.6 \Y Tj=25°C
Line regulation AVoLine — 130 300 — 130 300 mV Tj=25°C | 17.5V<Vy<30V
— 110 250 — 110 250 20VsVNs30V
Load regulation AVoLoap — 36 — — 36 — mV Tj=25°C | 1.0 mA < loyr £ 150 mA
— 25 150 — 25 150 1.0 mA < loyr £ 100 mA
— 12 75 — 12 75 1.0 mA < loyr <40 mA
Output voltage Vour 13.8 — 16.2 | 14.25 — 15.75 Vv 175V<sVy<30V,
1.0 mA < lour £40 mA
13.8 — 16.2 | 14.25 — 15.75 Vin=23V, 1.0 mA < loyr £ 70 mA
Quiescent current la — 3.2 6.5 — 3.2 6.5 mA Tj=25°C
Quiescent current Alg — — 1.5 — — 1.5 mA 20V=sVnN=30V, Tj=25°C
change — — 0.2 — — 0.1 1.0 mA < lour <40 mA, Tj = 25°C
Ripple rejection Rrey — 49 — — 49 — dB f=120Hz, 185V <V|N<28.5V,
ratio Tj=25°C
Temperature AVout/ATj —_ -0.5 —_ — -0.5 — mV/°C | lour =5 mA
coefficient of output
voltage
Dropout voltage Vprop — 1.7 — — 1.7 — \% Tj=25°C
REJ03D0683-0300 Rev.3.00 Oct 24, 2007 RENESAS
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HA178L00 Series

Characteristic Curves

Output Voltage vs. Junction Temperature Voltage Drop vs. Junction Temperature
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HA178L00 Series

Output Voltage vs. Input Voltage (3) Quiescent Current vs. Input Voltage (1)
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HA178L00 Series

Output Voltage vs. Output Current

Quiescent Current vs. Junction Temperature (1)
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HA178L00 Series

Ripple Rejection Ratio vs. Frequency (1)

Ripple Rejection Ratio vs. Frequency (2)

Frequency f (Hz)

Ripple Rejection Ratio vs. Frequency (3)
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Hysteresis Voltage vs. Output Voltage
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HA178L00 Series

Package Dimensions

Package Name‘ JEITA Package Code ‘ RENESAS Code ‘ Previous Code ‘ MASS|Typ.] ‘ Unit:
TO-92Mod | SC-51 | PRSS0003DC-A_[T0-92Mod /TO-62 ModV|  0.35g nit-mm
4804 3.8+04
| o
! =}
+
| S
! ©
|
T T T
| | | x
©
0.65 + 0.1 \ \ ‘ =
T 1 | [<2)
0.75 Max (i} {] —T»c\i é —
g L
0.60 Max ‘ ‘ ‘ ,\T -
0.55 Max } ‘ ‘ sl 2 0.5 Max
Package Name] JEITA Package Code [ RENESAS Code | Previous Code [ MASS[Typ] | Unit:
UPAK | SC-62 | PLZZ0004ACA-A_ | UPAK/UPAKV |  0.050g | nit: mm
45+0.1
1.8Max |« .44 Max (1.5)
L |° |
1]s 5 @
R P d
N =
ossmax[il| 1] [[] |7 5 ~
048Max [Tl T T g JlL044Max o S
1515 =
3.0 ]
o
REJ03D0683-0300 Rev.3.00 Oct 24, 2007 RENESANAS

Page 15 of 15

Downloaded from Elcodis.com electronic components distributor



http://elcodis.com/parts/5951127/HA178L05.html

RenesasTech nology Corp. Sales Strategic Planning Div. Nippon Bldg., 2-6-2, Ohte-machi, Chiyoda-ku, Tokyo 100-0004, Japan

Notes:

1. This document is provided for reference purposes only so that Renesas customers may select the appropriate Renesas products for their use. Renesas neither makes
warranties or representations with respect to the accuracy or completeness of the information contained in this document nor grants any license to any intellectual property
rights or any other rights of Renesas or any third party with respect to the information in this document.

2. Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising out of the use of any information in this document, including,
but not limited to, product data, diagrams, charts, programs, algorithms, and application circuit examples.

3. You should not use the products or the technology described in this document for the purpose of military applications such as the development of weapons of mass
destruction or for the purpose of any other military use. When exporting the products or technology described herein, you should follow the applicable export control laws
and regulations, and procedures required by such laws and regulations.

4. All information included in this document such as product data, diagrams, charts, programs, algorithms, and application circuit examples, is current as of the date this
document is issued. Such information, however, is subject to change without any prior notice. Before purchasing or using any Renesas products listed in this document,
please confirm the latest product information with a Renesas sales office. Also, please pay regular and careful attention to additional and different information to be
disclosed by Renesas such as that disclosed through our website. (http://www.renesas.com

5. Renesas has used reasonable care in compiling the information included in this document, but Renesas assumes no liability whatsoever for any damages incurred as a
result of errors or omissions in the information included in this document.

6. When using or otherwise relying on the information in this document, you should evaluate the information in light of the total system before deciding about the applicability
of such information to the intended application. Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any particular
application and specifically disclaims any liability arising out of the application and use of the information in this document or Renesas products.

7. With the exception of products specified by Renesas as suitable for automobile applications, Renesas products are not designed, manufactured or tested for applications
or otherwise in systems the failure or malfunction of which may cause a direct threat to human life or create a risk of human injury or which require especially high quality
and reliability such as safety systems, or equipment or systems for transportation and traffic, healthcare, combustion control, aerospace and aeronautics, nuclear power, or
undersea communication transmission. If you are considering the use of our products for such purposes, please contact a Renesas sales office beforehand. Renesas shall
have no liability for damages arising out of the uses set forth above.

8. Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(1) artificial life support devices or systems

(2) surgical implantations

(3) healthcare intervention (e.g., excision, administration of medication, etc.)

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who elect to use Renesas products in any of the foregoing
applications shall indemnify and hold harmless Renesas Technology Corp., its affiliated companies and their officers, directors, and employees against any and all
damages arising out of such applications.

9. You should use the products described herein within the range specified by Renesas, especially with respect to the maximum rating, operating supply voltage range,
movement power voltage range, heat radiation characteristics, installation and other product characteristics. Renesas shall have no liability for malfunctions or damages
arising out of the use of Renesas products beyond such specified ranges.

. Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific characteristics such as the occurrence of failure at a certain
rate and malfunctions under certain use conditions. Please be sure to implement safety measures to guard against the possibility of physical injury, and injury or damage
caused by fire in the event of the failure of a Renesas product, 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 applicable measures. Among others, since the evaluation of microcomputer software
alone is very difficult, please evaluate the safety of the final products or system manufactured by you.

. In case Renesas products listed in this document are detached from the products to which the Renesas products are attached or affixed, the risk of accident such as
swallowing by infants and small children is very high. You should implement safety measures so that Renesas products may not be easily detached from your products.
Renesas shall have no liability for damages arising out of such detachment.

12. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written approval from Renesas.

13. Please contact a Renesas sales office if you have any questions regardmg the information contained in this document, Renesas semiconductor products, or if you have

any other ingiries.
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