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Complete Power Solutions

Renesas offers a complete portfolio of high-performance power solutions
for processor, controller, DSP, FPGA, CPLD, DDR memory, and other
loads in your system. Whether you need standard linear regulators,
highly flexible DC/DC converters, or fully integrated power modules, our

products are tailored to meet your design challenges.

FROM MILLIWATTS TO KILOWATTS, WE CAN SUPPORT YOUR APPLICATION
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AC/DC POWER CONVERSION

Renesas AC/DC Solutions

High-Voltage Buck
— Non-Isolated

Flyback — Primary-Side Regulation

Internal

Internal Internal Internal Internal
700V 800V 900V Controllers (5W — 180W)
FET BJT BJT

RAA223012 - 25W i Zero
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AC/DC Non-Isolated High-Voltage Buck Converters

No-Load
Typical Output | Power Supply | Standby
Product Power (max.) | Topology Power Driver Type Key Features Package
Non-Isolated Integrated Low EMI, no audible noise, supports 3.3V or 5V output directly - no second-stage | TSOT23-5,
fia/i2230128) 2w Buck & Fiyback | < 19™W [ 700V MOSFET | LDO needed S0IC-8
Non-Isolated Integrated Low EMI, no audible noise, supports 3.3V or 5V output directly - no second-stage | TSOT23-5,
SIS Buck & Fiyback | < 19™W | 700V MOSFET | LDO needed S0IC8-7, SOIC-8
Non-Isolated Integrated Low EMI, no audible noise, supports 3.3V or 5V output directly - no second-stage !
AP S Buck & Fiyback | < ">™W | 700V MOSFET | LDO needed S0IC8-7
Non-Isolated Integrated Low EMI, no audible noise, supports 3.3V or 5V output directly - no second-stage !
S Buck & Fiyback | <29™W | 700V MOSFET | LDO needed SOICE7
m Non-isolated buck makes AC/DC design easy m Renesas’ Quiet Light-Load PFM Mode ® Low EMI (conducted and radiated)
® Eliminates power transformer  No audible noise, even at light load m Supports 3.3V or 5V output directly
m Also supports isolated flyback topologies u [ow standby power: 5 to 30mW * No second-stage LDO needed

PrimAccurate™ Digital Primary-Side Regulation Technology
Transformer

m Patented digital primary-side control technology

* Provides highly accurate voltage and current control Rectifier WO S ong B
m Uses digital compensation loop — no external compensation required ~ %/ Cehtroler
® Reduced BOM count enables higher MTBF N . Primary-Side

Drive
and Control

* Eliminates secondary-side feedback and regulation components out
® | ower total BOM count yields higher reliability -

Optocoupler

AC/DC PrimAccurate™ Primary-Side Isolated Flyback Controllers

Typical Output | Power Supply No-Load
Product Power (max.) Topology Standby Power | Driver Type Key Features Package
iW1700 5W Primary-side flyback | < 5mW BJT Zero Power standby (<5mW) S0T23-6
iW1600 10W Primary-side flyback | < 10mW BJT Ultra-low standby (<10mW) S0T23-6
iW1702 45W Primary-side flyback | < 75mW MOSFET Cost effective solution; option for input OVP S0T23-6




iW1702 — 45W PrimAccurate™ Primary-Side Isolated Flyback Controller

m Quasi-resonant DCM flyback controller m Optimized to start into large capacitive loads - 330uF to
® 79kHz switching frequency 6,000uF
e Adjustable light-load mode optimizes for fast transient B PrimAccurate™ technology — primary-side regulation
response and low standby power ® Optimized for low BOM cost isolated power supplies for
— < 75mW no-load standby power with fast DLR appliances, smart meters, smart home applications

® Adaptive multi-mode control
— High efficiency across all load steps

+—1iw1702
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High Performance Secondary-Side Regulation Flyback Controllers

Typical Output | Power Supply No-Load
Product Power (max.) Topology Standby Power | Driver Type Key Features Package
iW9802 135W ZVS Flyback < 20mW Silicon FET High power density ZVS technology S0IC-10
iW9806 180W Z\/S Flyback < 20mW GaN HEMT High power density ZVS technology; GaN driver S0IC-10
iW9863 100W QR Flyback < 20mW Silicon FET Dual-polarity aux winding; adaptive gate drive S0T23-6
iW9874 100W QR Flyback < 75mW GaN HEMT Dual-polarity aux winding; GaN driver S0T23-6
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AC/DC AccuSwitch™ Isolated Flyback Converters

No-Load
Typical Output | Power Supply Standby | Integrated
Product Power (max.) | Topology Power Power Features Package
iW1816 5W Primary-side flyback | < 30mW | 800V BJT S0-7
iw1818 12w Primary-side flyback | < 50mW | 800V BJT PDIP-7
iW1821 12W Primary-side flyback | < 50mW | 1200V BJT | Optimized for high-voltage 3-phase systems S0-10 Batwing
e Frequency doubling for heavy load operation, up to 12W within 100ms
e Valley switching for best efficiency and EMI across full load range
RAA223181 900V FET |, e - :
RAAZ23182 | 12W Secondary-side fiyback | < 150mW | 1000v FET | ® GapSaver™ input OVP —saves input cap cost, shuts off output voitage (RAAZZ3181/2) | gy046.43
® CapSaver™ input OVP — saves input cap cost, maintains output regulation
RAA223183 1000V FET
(RAA223183)
o Single 400V input capacitor for input up to 450VAC
iW1820 15W Primary-side flyback | < 30mW | 800V BJT | Optimized for 5V output S0-10 Batwing
iW1830 15W Primary-side flyback | <50mW | 700V FET | Optimized for 12V output PDIP-7
RAA223881 | 15W Secondary-side fiyback 200V FET Quasi-resonant switching at full load and PFM at light load for best efficiency and EMI PDIPS-7
across full load range
iw1819 18W Primary-side flyback | <30mW | 800V BJT S0-10 Batwing
iW1822 18W Primary-side flyback | < 30mW | 900V BJT | 900V high breakdown voltage S0-10 Batwing
iW1825 25W Primary-side flyback | <75mW | 700V FET | Configurable light load mode S0-10 Batwing
D) RAA223882 | 30W Secondary-side fiyback 700V FET Quasi-resonant switching at full load and PFM at light load for best efficiency and EMI PDIPS-7
across full load range

iW1816, iW1819: AccuSwitch™ AC/DC PWM ICs with Integrated High-Voltage Switch

= PWM controller and 800V BJT in one package
* i\W1816 — 5W output; iW1819 — 18W output

® PrimAccurate™ primary-side regulation eliminates optocoupler
m |solated flyback power supply topology without adding components

m Optimized to start into high capacitance loads up to 6,000uF
® Meets stringent energy regulations:

® High light-load and active-mode efficiency

® < 30mW no-load with fast dynamic load response

o —

m EZ-EMI™ valley mode switching lowers EMI, reduces filtering

components size/cost

m | ow-cost SOIC-7 package (iW1816)
® |nnovative 10-lead SOIC batwing package (iWW1819)

® Provides high-voltage isolation
e Small footprint, enhanced thermal performance

iw1819
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RAA223181/2/3 12W AccuSwitch™ Isolated Secondary-Side Flyback Converters

= 12W output power, integrated 900V MOSFET (RAA223181)
m 12\W output power, integrated 1000V MOSFET (RAA223182/3)
m Very high accuracy secondary-side regulation

m Programmable fixed switching frequency, friendly with PLC communication
m Valley switching for best efficiency and EMI across full load range

® Low standby power < 150mW

m CapSaver™ - single 400V input capacitor for input up to 450Vac m |deal for metering, appliances, smart home power supplies

m Frequency doubling for heavy load operation up to 12W, < 100ms

Renesas’ Patent-Pending CapSaver™

Reduces Cost and Standby Power - ‘
m Built-in inrush current limiter ’ ‘ l § % o
m Eliminates 450V input capacitor to reduce BOM cost : T . n i
® Eliminates cap balancing resistors
m Always-on output during CapSaver mode - RAA223183 e WH‘}
$ A

RAA223181
RAA223182
RAA223183

Isolated AC/DC or DC/DC Controllers

Value Proposition:
® High Immunity for transformer signal coupling
® Diode emulation mode for better light load efficiency

m Brick wall OCP protection
m Soft start and soft stop ( Supports pre-bias)
m Optimized/adjustable dead time control

: Full Bridge
Forward Active clamp Full-Bridge (Telecom)
Topology Characteristic Flyback (two switch) forward Push-pull Half-Bridge VS Hard SW
Recommended power level | <150W 120W~200W 120- 400W 100W~500W 150W~500W >400W >400W
Efficienc Least Moderate High Moderate High High High
y ~70-80% ~80-90% 85~92% ~85-93% ~95%+ ~95%+ ~95%-+
Recommended Devices | |5\ ooy ISL672X 1516726 ISL6741 ISL674X ISL675X ISLE74X
Cost Least Low Low Low Medium High High
\T/r;aSts/{/eiLFunctlon = (Ns/Np)*D/(1-D) (Ns/Np)*D (Ns/Np)*D 2*(Ns/Np)*D (Ns/Np)*D 2*(Ns/Np)*D 2*(Ns/Np)*D
High Input Voltage Good for bias supply E)(:e\?a];gr 2, Good Not recommended | Good Good Good
0, <50% 0, 0, 0, 0, 0,
Max. Duty Cycle < 100% (70% with active clamp) 70% < 50% each < 50% each < 50% each < 50% each
. ISL88AX
Reference Designs ISL672X ISL672X ISL6726 ISL6741 ISL674X ISL675X ISL674X




ANALOG CONTROLLERS

High Voltage/High Current for Today's Power Demands
Single-Output Analog Controllers

Part No. Vin Range (V) Vour Range (V) Package Topology Technical Highlights

ISL8130 451028 0.6 to Dmax*V|n 20 Ld 4x4 QFN, 20 Ld QSOP Buck, Boost, SEPIC Universal controller

ISL8117/A 451060 0.6toDmacViy | 16Ld 4xd QFN, 16 LdTSSOP | Buck i LGN U AT

components

ISL81401/A 451040 0.8 t0 40 32 Ld 5x5 QFN Buck-Boost Bi-Directional, CV/CC for both input and output

ISL81601 4.5 t0 60 0.8 to 60 32 Ld 5x5 QFN, 38 Ld HTSSOP | Buck-Boost Bi-Directional, CV/CC for both input and output

ISL81801 451080 0.8t0 80 32 Ld 5x5 QFN, 38 Ld HTSSOP | Buck-Boost Bi-Directional, CV/CC for both input and output
iy 1SL81100 4510100 0.8 to 96 25 Ld 5x5 TQFN Buck Current mode, support current sharing operation

80V Dual Phase Buck Controllers for Si and GaN FETs R RAEIZAIRIRAEI

Key Features GaN Power - As Easy and

m Integrated CC/CV controller+ driver Low-Cost as Silicon
EPCOT57:300W 24 Viy— 60 Vi to Regulated 12 Viyr

m Supports single or dual outputs
m Supports multi-chip paralleling and phase interleaving

m Wide switching frequency: 100kHz to 1MHz m‘ﬂm{ﬂ .

m Selectable mode between PWM/DE/Burst e

m Shoot-thru protection, OCP, OVP, OTP, UVP b il
m |SL81806 with optimized gate drive for GaN FETs

|IEPB» ' B 1SL81806 Demo Board
SR - 300W,1/16 Brick

80V Dual Qutput/Two Phase Boost Controller JMEAEILEFIEEAEY]

Key Features

COMP2/CLKEN

m Integrated CC/CV controller+ driver ir — ¢ ; i ; »
m Supports single or dual outputs o : s “":: —:ﬂ' _‘ET"'__.{
m Supports multi-chip paralleling and phase interleaving Pl s Tonk -

m Wide switching frequency: 100kHz to TMHz A o _— ]

m Selectable mode between PWM/DE/Burst ) cour B )

m Shoot-thru protection, OCP, OVP, OTP, UVP .. s 3]

m |SL81807 with optimized gate drive for GaN FETs

FBPFMEN

LG2/0C_
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Typical Application Diagram
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Multi-Outputs and Multiphase Analog Controllers

Output Vin Range (V) Vour Range (V) Package Topology Technical Highlights
32 Ld 5x5 TQFN
1SL81802 Released 451080 0.8t0 76 38 Ld HTSSOP Buck MOSFET controller
Dual ISL81806 Released 451080 0.8t0 76 32 Ld 5x5 TQFN Buck GaN controller
ISL81805 Released 451080 510 80 32 Ld 5x5 TQFN Boost MOSFET controller
ISL81807 Released 451080 51080 32 Ld 5x5 TQFN Boost GaN controller
Up to 12-phase NIV Released 3.0t026.5 0.6 to Dmax*Vin 32 Ld 5x5 QFN Buck Current sharing up to 12 phase
NI 80V BI-DIRECTIONAL BUCK-BOOST Controller
Industry’s FIRST bi-directional 80V buck-boost controller M Battery Backup Systems .
. Normal Operation
m CV/CC for both input and output ACIDC
m Wide programmable frequency: 100KHz to 600KHz (SYNC to 2MHz) or > System
m Current sharing for parallel operation DC/DC I 1
m -the- i includi Charge .
Sl.Jpport.s orl. the fly settings change including th(.e current flow Voat g l Discharge
m High reliability with OVP, OCP, OTP, UVLO protection
i v Storage -+
m Sense both positive and negative inductor peak current g [l 400W
Device — Bi-directional DC/DC
J

Bidirectional Buck-Boost Controllers

Outputs | Part No. Vin Range (V) | Vour Range (V) | Output Current Max (A) | la SYNCH Capability | External Bias | Control Type | Package Type
ISL81401/A | 4.5t0 40 0.8t040 Current sharing 3pA | Yes Yes Yes Current Mode | 32 Ld 5x5 QFN
) 32 Ld 5x5 QFN,

Single ISL81601 4.5 to 60 0.8 t0 60 Current sharing 3pA | Yes Yes Yes Current Mode 38 Ld HTSSOP
. 32 Ld 5x5 QFN,

ISL81801 451080 0.8t080 Current sharing 2.7 pA | Yes Yes Yes Current Mode 38 Ld HTSSOP

*Current sharing means current sharing with phase interleaving.




SWITCHING REGULATORS

Wide Vin Coverage

Benefits and Key Features sov
Up to 80V

RAA211820

12V
Server Supply

1

Robust & Reliable Performance Target Applications o8

m Pgoop, Enable, adjustable soft-start m High Voltage single board system sV ;2’&;?%30 : ]
m Extensive protection (OCP, OVP, OTP, SCP) ® [ndustrial power system = E
m External frequency synchronization m Battery powered devices v v B o8 E
— . IN o
. . ® Telecommunication base station = 2
High Integration _ = Up to 30V " =
m POLs for high performance DSPs, 12V RAA211250/320 0 =
® Integrated HS/LS FETs FPGAs, ASICs, and microprocessor e
® |nternal compensation sV

2.5V t0 5.5V

RAA808015 0.6V~3.3V
POL Supply

3.3V

AVIVARPYYE New 24V to 75V Sync Buck Regulator Family — Wide Vin Range

VIN
Upto 72V
o= " S5T ] caoor our
Common Feature T wml]” R e e
RAA211820 RFBI I 10pF I 204F

® Integrated high-performance MOSFETs -:L_ o
® Programmable, fixed switching frequency up to 800kHz

m High efficiency light-load operation

® |C can be biased from its own output to improve efficiency
® Power Good, Soft Start, and Enable functions

Typical Application Diagram

Rdson (High/Low) | Rdson (High/Low)

Part No. Vin Range QFN HTSSOP I0UT | Package
ol el _Jo_Trel Jrel T4 peNDCT] 1 © 16 [LISW
RAA211250 |4.5Vt030V | 70mQ/25mQ 115mQ/40mQ | 5A J |_ B ) .
RAA211450 |45V 1042V | 75mQ/25mQ 115mQ/40mQ | 5A  E— — ag=
RAA211630 |45Vt060V | 110mQ/40mQ | 155mQyssme  |3a |20 Ld3.5x4 OFN s o T B
o e meefoom 16 Ld HTSSOP ™ i s | s
RAA211820 |45Vto75V [155mQ/80m®Q  [200mQ/95mQ | 2A esrf5] m Y words | lums
RAA211835 |4.5Vto75V | 155mQ/NA 200mQ/NA 3A ARAAMAMR :Z E

QFN3.5 x 4 & HTSSOP-16 Package Options

Using 80V Sync Buck Regulator Family to Power MCUs

12VDC to 20VDC R
1.2V, 1.8V, >
3.3V, 5V
3.3VDC I/F for
—> LT VVARER) Power
RAA211820 < Line
80Viy RX/RL/RZ I/F for
Switching MCUs Meter
Regulators
UART
48V, 24V,
12V, 5V E-meter System Diagram



RAVAARVAUM 24V, 3A Synchronous Buck Regulator RAVANRY(M 30V, 2A Synchronous Buck Regulator

Key Features Key Features

m 24V operating max rating is designed for up to 19V nominal input with 20% derating m 4.5V to 30V input, 2A sync buck regulator, 400pA typ Ig
headroom ® Frequency 450kHz

= Current-mode CoT modulator for excellent transient response m PFM for light load operation

m Small TSOT23-6 package minimizes BOM & cost m Comprehensive protection: UVLO, OCP, OUVP, OTP

m Common footprint to minimize supply chain risk

VIN

VIN BST
Cest

MTViVANVRKRE 24V, 3A Synchronous Buck Regulator C"} Eﬁ%iiggg;sw
GND

Rent

Key Features
® High switching frequency up to 1.4MHz

m PFM for light load operation
= Comprehensive protection: UVLO, OCP, OUVP, OTP -

EN B

Renz

Part No. VIN Range | IOUT | FB & Acc Rdson (High/Low) | Fsw (Hz) | Control Mode | Package
RAA211230 (4.5Vt0 24V |[3A 0.765V+0.015V | 85mQ/45mQ 500K ‘

RAA211233 | 4.5V to 24V | 3A 0.6V+0.012V | 85mS/45mQ2 1.4M CoT ‘TSOTZB-G ‘ |! ’ 1501236

2.9x2.8mm

RAA211320 | 4.5V to 30V |2A 0.765V+0.015V | 150m</75mS2 450K ‘

2.5V-6V Synchronous Buck Regulators

lout (max) | #of Vin Range | Vout Ext
Part No. Status (A) Outputs (V) Range (V) | PFM | Comp | Sync | Fsw (Hz) FB & accuracy | Package
ISL8088 Released 0.8 Dual 2751055 | 06toViN | Y N Y 2.25M, Sync 4M 0.6+0.01V 10 Ld 3x3 DFN
RAA808013 Released 3 Single 27t055 | 06toViN | Y N N 1.5M 0.6+0.012V 6 Ld TSOT23
RAAB08015A/B | Released 5 Single 27t055 | 06toVin | YN | N N 1.8M 0.6+0.012V 8 Ld QFN 2x2.5
ISL80019/A Released 15 Single 27t055 | 06toViN | Y Y N M/2M 0.6+0.005V 8 Ld 2x2 TDFN
ISL80015/A Released 15 Single 27t055 | 06toVin | N N N M/72M 0.6£0.006V 8 Ld 2x2 TDFN
ISL8022 Released 21.7 Dual 27t055 | 06toViN | Y N Y 2.25M, Sync 8M 0.6+0.01V 12 Ld 4x3 DFN
ISL8002/A Released 2 Single 28t055 | 06toViN | Y Y N M/72M 0.60.005V 8 Ld 2x2 TDFN
ISL8002B Released 2 Single 27t055 | 06to4 Y N N M 0.6+0.005V 8 Ld 2x2 TDFN
ISL80020/A Released 2 Single 27t055 | 06toVin | N N N M/2M 0.60.006V 8 Ld 2x2 TDFN
ISL8033/A Released 3/3 Dual 285106 08toViN | N N Y 1M/2.5M, Sync 6M | 0.8+0.01V 24 |d 4x4 QFN
ISL8036/A Released 3/3 Dual 285106 08toVin | N N Y 1M/2.5M, Sync 6M | 0.8+0.01V 24 Ld 4x4 QFN
ISL80030/A Released 3 Single 2.71t05.5 0.6 to Vin N N N 1M/2M 0.6+0.006V 8 Ld 2x2 DFN
ISL80031/A Released 3 Single 2.7t055 | 06toViN | Y N N M/2M 0.6£0.006V 8 Ld 2x2 DFN
ISL8023/A Released 3 Single 27t055 | 06toVin | Y Y Y 1M/2M 0.6+0.005V 16 Ld 3x3 TQFN
ISL8024/A Released 4 Single 27t055 | 06toViN | Y Y Y 1M/2M 0.6+0.005V 16 Ld 3x3 TQFN
ISL8025/A Released B Single 27t055 | 06toVin | Y Y Y 500K~4M/TM~4M | 0.6+0.005V 16 Ld 3x3 TQFN
ISL8026/A Released 6 Single 25t055 | 06toViN | Y Y Y 500K~4M/TM~4M | 0.6+0.006V 16 Ld 3x3 TQFN
ISL8016 Released 6 Single 27t055 | 06toViN | Y Y Y 500K~4M, Sync 4M | 0.6+0.006V 20 Ld 3x4 QFN
ISL8018 Released 8 Single 27t055 | 06toViN | Y Y Y 500K~4M, Sync 4M | 0.6+0.006V 20 Ld 3x4 QFN




Up to 18V Synchronous Buck Regulators

Part No. Status lout (max) | # of Outputs Vin Range Vour Range Fsw (Hz) la (typ) Package
ISL85003/A Released 3A Single 4.5V 10 18V 0.8V to Dmax*Vin 500K, Sync 2M 3.2mA 12 Ld 3x4 DFN
ISL85005/A Released 5A Single 4.5V to0 18V 0.8V to Dmax*Vin 500K, Sync 2M 32mA 12 Ld 4x3 DFN
ISL85009 Released 9A Single 3.8V to 18V 0.6V to Dmax*Vin 300K or 600K, Sync 1M 3mA 15 Ld 3.5x3.5 TQFN
ISL85012 Released 12A Single 3.8V to 18V 0.6V to Dmax*Vin 300K or 600K, Sync 1M 3mA 15 Ld 3.5x3.5 TQFN
ISL85014 Released 14A Single 3.8V to 18V 0.6V to Dmax*Vin 300K or 600K, Sync 1M 3mA 15 Ld 3.5x3.5 TQFN

Up to 30V Synchronous Buck Regulators

Part No. Status lout (max) | #of Qutputs | Vin Range Vour Range Fsw (Hz) la (typ) Package

RAA211230 Released | 3A Single 4.5V to 24V 0.765V to Dmax*Vin 500K 400 pA TS0T23-6

RAA211233 Released | 3A Single 4.5V to 24V 0.6V to Dmax*Vin 1.4M 400 pA TS0T23-6

RAA211320 Released | 2A Single 4.5V to 30V 0.765V to Dmax*Vin 500K 400 pA TS0T23-6

RAA211250 Released | 5A Single 4.5V to 30V 0.8V to 90%*Vin 200K~800K 90 pA 20 Ld 3.5x4 QFN, 16 Ld HTSSOP
ISL85033 Released | 3A Dual 4.5V to 28V 0.8V to Dmax*Vin 300K~2M 1.2mA 28 Ld 4x4 TQFN

Up to 40V Synchronous Buck Regulators

Part No. Status lout (max) | # of Qutputs | Vin Range Vour Range Fsw (Hz) la (typ) Package

ISL85412 Released | 150mA | Single 35Vt1040V | 06VtoDmax*Viy | 700K 50 A 8 Ld 3x3 TDFN

ISL85413 Released | 300mA | Single 35V1040V | 06VtoDmax*Vy | 700K 50 A 8 Ld 3«3 DFN

ISL85415 Released | 500mA | Single 3V 10 36V 06VtoDmax*Viy | 300k~2M | 80 pA 12 Ld 4x3 DFN

ISL85418 Released | 800mA | Single 3V 10 40V 06VtoDmax*Viy | 300k~2M | 80 pA 12 Ld 4x3 DFN

ISL85410 Released | 1A Single 3V 10 40V 06VtoDmax*Viy | 300k~2M | 80 pA 12 Ld 4x3 DFN

ISL854102 Released | 1.2A Single 3V 10 40V 06VtoDmax*Viy | 300k~2M | 80 pA 12 Ld 4x3 DFN
:gtffé‘roguck_mst) Released | 2.5A Single 3V 0 40V 0.8Vto Dmax*Viy | 200K~2.2M | 300 pA 20 Ld 4x4 QFN

RAA211450 Released | 5A Single 45Vt042V | 0.8Vt090%Vin | 200K~800K | 90 pA 20 Ld 3.5%4 QFN, 16 Ld HTSSOP

Up to 80V Synchronous Buck Regulators

Status lout (max) | # of Outputs Vin Range Vour Range Fsw (Hz) la (typ) Package
RAA211630 Released | 3A Single 4.5V to 60V 0.8V to 90%*Vin 200K~800K 90 pA 20 Ld 3.5x4 QFN, 16 Ld HTSSOP
RAA211650 Released | 5A Single 4.5V to 60V 0.8V to 90%*Vin 200K~2.5M 16.5 mA 28 Ld 4x5 QFN
RAA211651 Released | 5A Single 4.5V to 60V 0.8V to 90%*Vin 565K 19 pA 28 Ld 4x5 QFN
RAA211820 Released | 2A Single 4.5V to 75V 0.8V to 90%*Vin 200K~800K 90 pA 20 Ld 3.5x4 QFN, 16 Ld HTSSOP

Up to 80V Non-Synchronous Buck Regulators

Part No. Status lout (max) | # of Outputs Vin Range Vour Range Fsw (Hz) la (typ) Package

RAA211605 Released | 500 mA Single 4.5V to 60V 0.6V to Dmax*Vin | 450K 300 pA TS0T23-6

RAA212831 Released | 500mA 1 buck + 2 LDOs 45V to 72V 1.25V to 24V 350K 325 pA S0IC-8

RAA212832 Released | 500mA 1 buck + 2 LDOs 4.5V to 72V 12V 350K 325 pA S0IC-8

RAA211835 Released | 3A Single 4.5V to 75V 0.8V to 90%*Vin 200K~800K 90 pA 20 Ld 3.5x4 QFN, 16 Ld HTSSOP
RAA211412 Released | 1A Single 5.8V to 45V 0.8V to Vin-3 630K 300 pA 6 Ld SOT23

RAA211403/5 Released | 300mA Single 7V to 40V 3.3V/5V 500K 3.5 pA 5 Ld SOT23

RAA211803/5 Released | 300mA Single 7V to 80V 3.3V/5V 500K 5.5 pA 5 Ld SOT23
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LOW DROPOUT REGULATORS (LDO)

High Performance LDOs

vivaliyiil 20V Wide Input Voltage Range, 500mA Linear Regulator

The RAA214250 is a Cost-effective power for Renesas RA, RL78,
Synergy, and RX MCUs

Key Features
m Efficient LDO
m Low 50pA supply current for high light-load efficiency
® ENABLE pin shuts down output to save power RAA214250

m Reliable 20V, 500mA

m Approved for use with all modern Renesas MCUs Synergy
m Stable with no load, so it can power an MCU in HALT or SLEEP mode

Power Supply

m Low Spot Noise Spectral Density: 82nV/Sqrt Hz @ 10Hz
® Low Integrated Noise: 4.54uV RMS from 10Hz-100kHz 10
m Very high PSRR @ 2A load current: Freq=10kHz=80dB

m Vin = 2.7V to 5.5V, Vout=0.9V to Vin-dropout

AVivALIly((l LOW NOISE LDO FOR SENSITIVE CIRCUITRY 10000 e
CSET=10nF [
New ultra-low noise LDOs minimize phase noise & jitter in 1000 ba TSN, cser=toonf ||
high-performance applications E RS CSET=1pF
= Y
Excellent Noise Performance 25 0 etal U

m Low dropout of 500mV max @ 2A, over temperature 10 100 1K 10K 100K
FREQUENCY (Hz)
VIN= 4V, VOUT= 3.3, I0UT= 2A, COUT= 22uF
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High-Performance LDOs

lout PSRR @1 | Fixed Vour Acc.
Part No. Status max (A) | Vin (V) Vour (V) kHz (dB) Option Dropout (mV) (%) la (typ) | Package
TI) RAA214035 | Sampling 3 271055 Qgggpijt >80 No 500 20 | 100pA | JOMX i";_";nz]UmdeUQLZNQFN
RAA214401 Released 0.15 5.4t040 3.3 47 Yes 1550 @ 150mA +1.0 <3 pA S0T23
RAA214220 Released 0.15 251020 1231018 | >63 No 145 @ 100mA +2.0 6 A S0T23
RAA214250 Released 05 2.5t020 1231018 | >63 No 350 @ 500mA +2.0 NA 8Ld DFN3x3/ SOIC
RAA214020 | Released 2 271055 Udgr;‘;fu? >80 No 500 +20 | 100pA | 10Ld DFN
RAA214023 | Released 2 271055 Ujr;gfuf >80 No 500 20 | 100pA | SAmxommOLCGEN
ISL80505 Released 0.5 18106 081055 50 No 45 @ 500mA 1.8 22mA | 8Ld3x3DFN
ISL80510 Released 1 22106 0.8t05.5 43 No 130 @ 1A 1.8 22mA | 8Ld3x3DFN
ISL80101A Released 1 22106 08t05 48 Yes 0 @1A 1.8 3.0mA 10 Ld 3x3 DFN
ks&jgmm- Released 1 22106 | 08to5 | 58 Yes 130@ 1A 18 | 30mA | 10Ld 3«3 DFN
1SL80102 Released 2 22106 08to5 55 Yes 81 (@2A Vout=2.5V) 1.8 7.5 mA 10 Ld 3x3 DFN
ISL80103 Released 8 2.2t06 0.8t05 55 Yes 120 (@3A,Vout=2.5V) | 1.8 7.5mA | 10Ld 3x3 DFN
ISL80111 Released 1 1t03.6 081033 80 No 27 @ 1A 1.6 3.5mA | 10Ld3x3 DFN
ISL80112 Released 2 110 3.6 0.8t03.3 80 No 53 @2A 1.6 3.5mA 10 Ld 3x3 DFN
ISL80113 Released 3 110 3.6 0.8t03.3 80 No 75 @ 3A 1.6 35mA 10 Ld 3x3 DFN
Wide Input Voltage Generic LDOs (Focus on Low Quiescent Current)
lout PSRR@1 | Fixed Vour Acc.
Part No. Status max (A) | Vin (V) Vour (V) kHz (dB) Option Dropout (mV) (%) la (typ) | Package
ISL80410 Released 0.15 6 to 40 251012 66 No + EN 295 @ 150mA +1.0 18 uA 8 Ld EPSOIC
RAA214401 Released 0.15 5.4 t0 40 33 47 Yes 1550 @ 150mA +1.0 <3 pA S0T23-3
RAA214220 Released 0.15 251020 1231018 | >63 No + EN 145 @ 100mA +2.0 38 A S0T23-5
iy RAA214223 Sampling 0.15 2.5t020 33 >65 Yes + EN 240 @ 150mA +2.0 96 pA S0T23-5
RAA214250 Released 05 251020 1231018 | >63 No + EN 350 @ 500mA +2.0 68 pA 8Ld DFN3x3/ EPSOIC
iy RAA214290 Sampling 1 251020 1231018 | >62 No + EN 270@ 500mA +2.0 80 pA 8Ld DFN3x3/EPSOIC
&y RAA214403 | Pre-Released | 0.15 36t040 | 33 47 Yes + EN <100 @ 10mA +30 | <4pA | SOT23-5 & SOT89-3
&y RAA214404 | Pre-Released | 0.15 39t040 | 36 47 Yes + EN <100 @ 10mA +30 | <4pA | SOT23-5
iy RAA214405 Pre-Released | 0.15 5.3 1040 5 47 Yes + EN <100 @ 10mA +3.0 <4 pA SOT23-5 & SOT89-3
Gy RAA214409 | Pre-Released | 0.15 93t040 | 9 47 Yes <120 @ 10mA +30 | <4pA | SOT89-3




SHUNT REGULATORS

Reference Power Supply ICs

Benefits and Key Features

Shunt regulators are the standard reference voltage source widely In addition to its use as a reference power source for amplifier circuits,
used by the feedback circuits of switching power supplies and so on. A/D converters, etc., it is also widely used for feedback circuits of
Compared to the Zener diode, which is a discrete product, a shunt switching regulators.

regulator has much better voltage precision because voltage control is
carried out as an IC.

Shunt Regulators Lineup Shunt Regulator Application
Renesas Shunt Vin iy Shunt Regulator Vour
Regulators —O_/\/\/\( O
I A
| | Error Amp
Power Vi RL
Supply
R2
|- |- T Vrer
UPC1943 UPC1093 GND |
UPC1944

Shunt Regulators

I Low-Voltage (1.26V) Type Standard-Voltage (2.5V) Type
tem
UPC1943T UPC1944T UPC1093TA UPC1093T UPC1093G
Reference voltage VREF (V) 1.23 (min.) to 1.26 (typ.) to 1.29 (max.) 2.440 (min.) to 2.495 (typ.) to 2.550 (max.)
Cathode voltage VKA (V) 24 (max.) 36 (max.)
Cathode current IK (mA) 30 (max.) 100 (max.)
Operating temperature TA(C) 3010485 2010 +85
range
NC A
[ |
5-pin mini mold(SC-74A)
T T I
REF A K
A A A
[~ [\ [\
Package 3-pin power mini mold(SC-62)
RLELIK' lﬁ' K A REF K A REF
K [1REF
8-pin SOP e i
NC[ [INC




16-17

MEMO




BATTERY MANAGEMENT

Management and Protection of Lithium-ion Batteries

MONITOR i‘" il PROTECT
Protect, Monitor & Balance Rechargeable Battery Packs @ KA Q Q

Renesas’ Li-ion battery pack monitoring, protection, and balancing ICs are

specifically designed to meet the stringent safety, reliability, and performance

requirements of portable and battery powered applications such as consumer,

industrial, and medical products. BEE
BALANCE

Battery Front End (BFE), Battery Management ICs

Benefits and Key Features FET Control

\ High-side
Protection and Cell Balancing ~ Host Controlled g:{;irt‘lton
= Hot plug tolerant Features .
= Over/under voltage m Current measurement : Efe\t,g?:;%[; and
m Charge/discharge current m Cell voltage measurement FE;T; . temperature
m FET control when error detected m Pack voltage measurement of cell
® Open-wire detection ® Temperature measurement
m Auto-cell balancing m | ED indication by GPIO

™ Power supply for MCU BFE Battery Pack System Diagram

ivivEiy(l Industrial Battery Front End Protects, Monitors, and Balances High Voltage Battery Packs

m Up to 16 cell inputs

m Highly integrated, includes charge pump, high side FET drivers, current measurement, LDO, wake-up logic, internal and external balancing circuits, and LED drivers
® Hot plug tested and proven via random connection trials

m Reference circuit, sample code, and high degree of integration accelerates battery pack design, test and verification

Battery Front End, Multi-Cell Li-lon Battery Management ICs

Charge/
Cells Pack Voltage Part Number Cell Balance Current Sense Discharge FET Internal ADC Features Package
12 to 60V (60V )
41016 available RAA489206 SENINCTEVETR | ey bR D LDO, LED Drivers | 64QFN
: External side and Low side
04'2021)
Both Internal and N-channel, Low Simplicity,
4106 41026.4 1SL94208 Low Side ) ' No internal cell 32QFN
External Side "
balancing
Bold 101065 RAA489204 Bty i || N/A Yes Daisy chain 64TQFP
(and Daisy Chain) External
N-channel. Hiah High-side current
3t08 4 t0 36 1SL94202 External High Side Side 11 Yes sense, standalone | 48TQFN
capable




Battery Fuel Gauge ICs (FGIC)

Dedicated one-package solution with MCU and AFE provides an intelligent, programmable system for battery management that constantly monitors and

protects the battery.
Benefits and Key Features
FET Control
. . . . ) Detection of

Safety and Protection Remaining Capacity Management tempe:ature
Control m Current/voltage detection and voltage
= Over/under voltage ® Precise coulomb counter High ezl

; P— : RL78 Voltage i
m Charge/discharge current m Deterioration detection AEE Dﬁtectlon gf
® FET control when error detected m Calculation and learning of battery capacity gis?:ri?:rgg
m Chemical fuse control m Current/voltage calibration currents
m Cell balancing ® Fault detection/history management \ FGIC

FGIC Battery Pack System Diagram

FGIC Block Diagram

Voltage and Current Measurement by Independent A/D Converters

m Current detection: 153 pA/LSB resolution (18-bit A> 5 mQ shunt resistor) @ m——m | Fuse |

support for simultaneous measurement with virtually no temperature drift T o
m \/oltage/temperature measurement: 15-bit A> ADC AFE | | |

i . . i Oscillator Circuit FET Driver High-Voltage
High Reliability & High Integration WDT v ot
® Built-in FET protection for overcurrent or short circuit conditions Reset Reference {
m Redundant fault detection by both MCU and AFE Power Supply i

onitor

m Ability to set lifecycle related limits and maintain battery parameter and and _{

operation history using data flash guaranteed for 100,000 erase/write cycles RL78 Flash ROM Balance —{
m ntegrated CAN interface and RTC (Real Time Clock) circuit for industrial apps; CPU Core Data Flash BIEIL —i

ICs can manage date and time in a single device (RAJ240090 and RAJ240100) -—

12C Bus/UART I/F I/F
Few Parts, Low System Cost CAN Interface
; ; H Current Monitor

| - -

Supports large curren.t discharge Wlth N-channel FET drivers Interrupt Overcurrent
m Integrated pull-up resistors for thermistor Detection
Extended Battery Life W

Yyvy

® Low power mode with consumption of 25 pA or less and cell balance circuit

to maximize battery capacity (RAJ240090 and RAJ240100) Internal Block Diagram of FGIC

Battery Fuel Gauge ICs

Charge/
Pack Voltage Flash Discharge FET
Cells | (V) Part No. ROM RAM Control Serial I/F 1/0 | Features Package
1 21055 RAA241200 64KB  |40KB | Lowside I2C, UART g | e TR ERTIO | e e
Very low power consumption (10 pA)
@ RAJ240055 64 KB 4.0 KB L
2,
2t04 221025 RAJ220057 128 KB 70KB High side 12C, UART 12 | Compact package (4mm x 4mm) 320FN
RAJ240071 32KB 1.5KB — Compact package (4mm x 4mm)
2,
2t05 4t025 RAJ220075 64 KB 10KB High side 12C, UART 1" 5 cell support 32QFN
3t08 RAJ240090 . . High voltage tolerance, On-chip CAN
2, "’ i
31010 4t0 50 RAJ240100 128 KB 7.0 KB High / Low side | I?C, UART, CAN | 31 Low power consumption (25 pA) 64LQFP
@@ 3to7 4 t0 40 RAJ240301 64 KB 5.5 KB Low side 12C, UART 21 GPIO: I/0 x 15, Input x 2, NOD x 2, HVNOD x 2 48QFP
3010 | 8t050 RAJ240310 64KB | 40KB | Lowside I2C, UART G || UL S Tl 400FN
10 cell support

* Specifications are subject to change without notice.



POWER MODULES

Complete Power System

Benefits and Key Features

Easy to Use

® Full integration means
less complexity and easier
design

Renesas Power Module

PWM

m First pass success

Featured Product

= RAA210040 5V, 4A
Step-Down DC/DC
Mini Module with
Integrated Inductor

5V, 4A
> Low-profile
Mini Module

for industrial, telecom
and medical applications

m RAA210130 12V, 30A Step-Down DC/DC Digital
Power Module. 12V, 30A Small Footprint, Digital
Power Module for general purpose power for
ASIC, FPGA, DSP and memory

Highest Power Density
= Power output up to T00W POL in a single package

Thermally Enhanced Package Technology

= Thermal molding compound allows for even heat distribution
® |arge copper pads transfer heat efficiently

m Qperates at full load across wide temperature range

m | eaded package allows pin access

Real-Time Telemetry — Dynamic Configuration
(Available in Digital Power Modules)

#2N\ PowerNavigator” GUI

Allows simple configuration and monitoring of multiple
Digital-DC devices using a PC with a USB interface.

Analog Modules

e}
aim, il ﬁ
A simple, effective DC/DC power - &

supply solution that integrates
necessary power elements in a
single package.

=Hg
B

offine THY

= faro
| ore

L L] P
P G|

owere 00% 00%|

(= oow| [ ook [ 300k]

Digital Modules

ruim ﬂ
A high-performance DC/DC power

supply solution that integrates

all power elements in a single
package and supports digital
communication and configurability
for advanced power management techniques. Digitally design with
PowerNavigator™ GUI software.

&



DC/DC POWER MODULES

HAVAIIRIIM PVIBUS-enabled 15V, 30A Module

High power density supports demanding loads in BGA-POP module

Key Features

® PMBus™ Compliant Controller + Smart Power Stage
® Vin range: 4.75V to 15V, Vout range: 0.45V to 3.3V

VIN
4.5V_14V

.

20-21

L 4
m +(0.7% Output Voltage Accuracy over Temperature
m Pin-selectable pre-programmed output voltage options
m “Black box" fault capture & recording L VREF_5 | |voo V6
m User-accessible one-time-programmable memory slots I 1
P PG — I VouT
N . = = 06V_5V
Digital ) Smart SW
Controller ® Power Stage
P SCL = VSEN-+
w Y [ cmm—1
Ln<
2Z < SDA VSEN- I
ST
== | swer =
- PGND
SGND PGND
DC/DC Power modules integrated inductor
Part No. lout MAX (A) Ch Circuit Vin (V) Vour (V) Package PMBus Molded
DC/DC 10mm x 13mm x 7.8mm
RAA210130 30A 1 (Step-down) 47510 15 0451033 BGA package Yes NO
DC/DC 10mm x 13mmx 5.9mm
RRM12120 20A 1 (Step-down) 4751015 0.45t03.3 BGA package Yes NO
DC/DC 3mm x 2.8mmx 1.7mm dual
i RRM20030 3A 1 (Step-down) 451020 06t05 flat no-lead package No YES
DC/DC 3mm x 3mm x 1.7mm dual
RAA210040 4A 1 (Step-down) 2.7t055 06t05 flat embedded laminate No YES
P package
DC/DC 3mm x 3mm x 1.1mm dual
RAA210030 3A 1 (Step-down) 2.7t055 06t05 flat embedded laminate No YES
P package

More power modules are available. To see a complete product list, visit: www.renesas.com.
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MOSFET DRIVERS

Industry-Leading Bridge Drivers

CIIZAIRI\I  Family of 60V Bridge Drivers for BLDC and Similar Loads

Optimized for Battery Powered Applications
from 5V to 36V

m 60V max rating is suitable for 36V battery applications
= 4.5 UVLO allows operation as low as 5V

u Proprietary sleep mode activation eliminates the need for
additional I/0 control pins

m Very low | (<10 yA) eliminates the need for a disconnect
switch to maintain idle battery life

Integrated Linear Regulators (HIP2104) for

External Loads

m Reduces external components for lower BOM cost and
smaller solution footprint

m 12V output provides gate drive bias

m 3.3V output provides digital controller bias WController

1A Sourcing, 2A Sinking MOSFET Drivers

® Enough drive strength for high speed switching applications
® Enough drive strength for very high MOSFET gate charge

Easy to Configure Half-Bridge, Full-Bridge,
and 3-phase

= Small packages allow drivers to be placed next to

Typical Full-Bridge Application
the bridge FETs

48V BLDC Motor Control — Using 120V HB
drivers + DC/DC + LDO + RX23T

. 48V)ymax
Benefits

l L ococ  ENWS
RAA211820

= Smaller solution size (D0 [Pkl

RAA214220

m Better system efficiency through higher driver current
and lower lg
m Adaptive dead time eliminates the need for

5y
100mAmax

. ; _ 1 U.Hm;r:llx Herbide | pf)  ge=qpesssfes=sqles 3-Phase Motor
» - river ! H
leading-edge delays for shoot-thru prevention, reducing Bt oo @ :
the programming complexity for the controller SEITTe  HalfBridge 6% MOSFET .3
) o _ 2 HI\JFTZVZEI(W RJK0B54DPB i
m BOM cost saving with integrated current monitor 1V :

Driver

SIN/COS I/F Hipz211 T e R
ENC/HALL I/F 3 Current Sense
JLINK I/F Overcurrent Alarm
Comparator
PMOD I/F 1SL28915FH62

Serial I/F . 0.8mAmax Half Bridge !

Applications

m Telecom bricks and power supplies

Shunt Resistors

® High power motor control
® Robotics



Full Menu of MOSFET Gate Drivers

BRIDGE FET DRIVERS

22-23

A
HIP2210
120V 3A/4A
PWM input
Adjustable dead time
4*ADFN
HIP2105/06 HIP2103/04 HIP2211
: A HIP2100/01
HB driver HB driver 120V 3A/4A
Half Bridge 25V 4A 60V 1A/2A e ?8;?} HI/Ll input
3*3DFN 3*3DFN/4*4DFN/8SOIC 4*4DFN,SO8
HIP4080A/81A
s
ISL83202 <
i ng(\j/ﬁ?/gr 20PDIP/20S0IC
ull Bridge
HIP4082
16PDIP/16S0IC FB driver
80V 1.25A
16PDIP/16S0IC
HIP4083/86A
3phase driver
Three Phase 80V 0.3A/0.5A
16PDIP/16SOIC

25V 60V

80V

100V 120V




LENESANS

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. Nollicense, 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 equi testand audio and visual equipment; home electronic appliances; machine tools; personal electronic equipment; industrial robots; etc.

"High Quality": Transportation equipment (automabiles, 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 red fire control and p
treatment for aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult and ical, you are for eval 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.

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

and by the of any countries asserting jurisdiction over the parties or transactions.

12. Itis 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.

4. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled subsidiaries.

(Note 2) ~ “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

(Rev.5.0-1 October 2020)
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