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ONE-RENESAS 
MEMORY SOLUTIONS
Provides optimal memory portfolios to 
industrial and communications applications



INDUSTRY-LEADING 
MEMORY PRODUCTS
Renesas provides optimal memory portfolios for our customers. Renesas offers a broad line of low power, high-speed, industry-standard SRAMs 
that provide high reliability, stable supply and long lifetime support in the industrial and communications markets.

The Renesas FIFO portfolio includes more than 140 synchronous, 
asynchronous and bid i rect ional products to solve inter-chip 
communications protocol problems, such as rate matching, buffering 
and bus matching. Renesas' multi-port memory portfolio contains more 
than 100 types of asynchronous and synchronous dual-ports, four-ports 
and bank-switchable dual-ports.

Flash memory for code and data storage
Designed with industry NOR architecture, Renesas Flash meets the 
power and performance needs of  industrial, power-conscious and 
battery-operated systems.
In addition to our Standard class of products that is designed for tasks 
such as system boot, our FusionHD, Ultra-Low Energy and DataFlash 
families are packed with options that can reduce MCU overhead and 
save more than 85% energy used by typical Flash.
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Memory Types Products

Low Power SRAM  (5V, 3V) 256Kb, 1Mb, 4Mb
 (3V) 2Mb, 8Mb, 16Mb, 32Mb, 64Mb

Asynchronous Fast SRAM
 (5V, 3.3V) 4Mb

 (5V) 16Kb, 64Kb, 256Kb, 1Mb
 (3.3V) 1Mb, 4Mb

Synchronous SRAM  Pipeline Burst / Flow-through 4Mb, 9Mb
 Zero Bus Turnaround (ZBT) 4Mb, 9Mb, 18Mb

Specialty Memory  Multi-Port (5V, 3.3V, 2.5V) 8Kb to 36Mb
 FIFO (5V, 3.3V) 2Kb to 512Kb

EEPROM  Serial I/F: I2C, SPI (1.8V to 5.5V)  2Kb to 512Kb

SPI NOR Flash

 Standard Products: 
(1.8V) 8Mb to 256Mb, (1.8V to 3V, Wide Vcc) 256Kb to 32Mb, (3V) 256Kb to 256Mb

 System-Enhancing Products: 
Ultra-Low Energy (1Mb to 16Mb) 
FusionHD [4Mb to 32Mb] 
DataFlash [2Mb to 64Mb]
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Low Power SRAM
The recent demands for highly secure and reliable user systems are driving increased demand for highly reliable SRAM, which is used to store 
important information such as system programs and financial transaction data. Renesas' Low Power SRAM (LPSRAM) products have a proven track 
record for application in middle- to small-scale memory systems and are designed to provide enhanced reliability and longer backup battery life for 
applications such as factory automation (FA), industrial equipment, and the smart grids.

Renesas' Advanced Low Power SRAMs, the core products series, have acquired a solid reputation for achieving both high-performance and high-
reliability without any technical trade-off. These Advanced LPSRAM devices feature exclusive technology in the memory cells that achieves 
excellent soft error rate several orders magnitude lower than conventional Full CMOS memory cells.

Features

Advanced LPSRAM has superior Soft Error Immunity to ECC-embedded SRAMs

Applications

 ■High reliability
 –Excellent soft error immunity without embedded ECC
 –Latch-up free memory cell structure

 ■Stable supply and long-term support
 –Covered by PLP: Product Longevity Program

 ■Wide line-up to support all applications
 –Memory density: Lineup from 256Kb to 64Mb
 –Supply voltage: 3V / 5V (continued support of 5V parts)
 –Package: Varied package lineup

 ■ Industrial
 –Factory automation (PLC, CNC, etc.), servomotor, AC drives 
(inverter), industrial robot, plant control system, vending machine, 
ticket gate, automated teller machine, etc.

 ■Communication
 –Router, switch, base station, etc.

 ■Social infrastructure
 –Elevator system, transportation system, railway system, traffic 
signal system, smart grid devices, etc.

 ■Office automation
 –Multi-function printer, etc.

 ■Consumer
 –Gaming machine, musical instrument, calculator, etc.

 ■Car accessories (non-driveline devices)
 –ETC, digital tachometer,  etc.

 ■Medical / Healthcare
 –Medical electronic devices

Product Family Countermeasure against soft error? By what? Soft error rate (Measured)

Advanced LPSRAM series 
(0.11μm / 0.15μm) YES Increasing Critical Charge (Qcrit) 

by the proprietary technology
< 0.04 FIT/Mb [0.11μm] 
< 0.06 FIT/Mb [0.15μm]

R1LV1616H series <EOL> 
(0.13μm CMOS 16Mb) YES Embedded ECC < 5.5 FIT/Mb

R1LV1616H seriesRMLV1616A series, etc.

Renesas 0.11/0.15µm
Advanced LP-SRAMs

< 0.1 FIT/Mb < 10 FIT/Mb 100 to 500 FIT/Mb
500 to 5,000 FIT/Mb,

typically ~ 1,000 FIT/Mb

Renesas 0.13µm
16Mb LP-SRAM

Renesas 0.18µm
4Mb Fast SRAM

Conventional SRAMs

Advanced
LP-SRAM

series

0.01 0.1 1 10

SER [FIT/Mb]

Logarithmic (order of ×10n) Comparison of SRAM Soft Error Rate

100 1000 10000
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planer

capacitor

ECC
embedded
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non-ECC
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Vendor Process 256Kb 1Mb 2Mb 4Mb 8Mb 16Mb 32Mb 64Mb

Renesas
0.15μm Advanced     (5V) Change to 0.11μm Advanced

0.11μm Advanced  (3V)    

Competitor
90nm CMOS no ECC        

65nm CMOS ECC embedded     

 Production     Soft error countermeasure: Yes No

Product Differentiation

Product Benchmark

Product Lineup

Renesas supports soft error free products for entire lineup of 256Kbit to 64Mbit

Only Renesas supports unique products that realize both lowest standby current and soft error free

Vender Standby Current Soft Error Rate

Renesas 0.3μA (4Mb, 3V Typ.) < 0.04 FIT / Mb (0.11μm Advanced LPSRAM)

Competitor 3.5μA (4Mb, 3V Typ.) 500~5,000 FIT / Mb (90nm LPSRAM, w/o ECC)

Product Series Density Org. Supply 
Voltage (V)

Access 
Time (ns)

Standby 
Current (typ.) Temp. Range TSOP SOP FBGA μTSOP

R1LP5256E 256 Kb x8 4.5 - 5.5 55 0.6 μA -40°C to 85°C  

R1LP0108E 1 Mb x8 4.5 - 5.5 55 0.6 μA -40°C to 85°C  

R1LP0408D 4 Mb x8 4.5 - 5.5 55 0.8 μA -40°C to 85°C  

R1LV5256E 256 Kb x8 2.7 - 3.6 55 0.6 μA -40°C to 85°C  

R1LV0108E 1 Mb x8 2.7 - 3.6 55 0.6 μA -40°C to 85°C  

R1LV0208BSA 2 Mb x8 2.7 - 3.6 55 1 μA -40°C to 85°C 

R1LV0216BSB 2 Mb x16 2.7 - 3.6 55 1 μA -40°C to 85°C 

RMLV0408E 4 Mb x8 2.7 - 3.6 45 0.3 μA -40°C to 85°C  

RMLV0414E 4 Mb x16 2.7 - 3.6 45 0.3 μA -40°C to 85°C 

RMLV0416E 4 Mb x16 2.7 - 3.6 45 0.3 μA -40°C to 85°C  

RMLV0808BGSB 8 Mb x8 2.4 - 3.6 45 0.45 μA -40°C to 85°C 

RMLV0816BGBG 8 Mb x16 2.4 - 3.6 45 0.45 μA -40°C to 85°C 

RMLV0816BGSA 8 Mb x16 2.4 - 3.6 45 0.45 μA -40°C to 85°C 

RMLV0816BGSB 8 Mb x16 2.4 - 3.6 45 0.45 μA -40°C to 85°C 

RMLV0816BGSD 8 Mb x16 2.4 - 3.6 45 0.45 μA -40°C to 85°C 

RMLV1616A-S 16 Mb x16 2.7 - 3.6 55 0.5 μA -40°C to 85°C   

RMLV1616A-U 16 Mb x16 2.7 - 3.6 45, 55 0.4 μA -40°C to 85°C  

RMLV3216A 32 Mb x16 2.7 - 3.6 55 0.6 μA -40°C to 85°C   

RMWV6416A 64 Mb x16 2.7 - 3.6 55 1.2 μA -40°C to 85°C   
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Multi-Port Memory

FIFO Logic Products

Multi-Port Memory Benefits

Multi-Port Memories
Dual-Port
or FIFO

Renesas’s multi-port memory portfolio includes more than 100 types of 
asynchronous and synchronous dual-ports,  four-ports and bank-  
switchable dual-ports.

Renesas is the world leader in specialty memory with a dominant 
market position, a long history of innovation, and best-in-class support 
for FIFO and multi-port products. With hundreds of products and 
thousands of customers, Renesas continues to provide the highest 
quality, fastest, and most diverse line of specialty memory in the 
industry.

The Renesas multi-port memories portfolio includes more than 100 
types of asynchronous and synchronous dual-ports, four-ports and and 
bank-switchable dual-ports. These multi-port memory devices are ideal 
for switches, routers, hubs, industrial equipment, fibre channel line 
cards and RAID controllers.

Our family of dual-port memories are the industry standard, with 
innovative features and speeds that provide superior value and 
performance to system level designs. Renesas strives to reduce the 
cost of high performance shared SRAM based dual-port memory 
solutions. We are and will continue to be the leading provider of Dual-
Port synchronous and asynchronous memories in the semiconductor 
industry.

 ■ Increases bandwidth (~2x SRAM)
 ■Reduces design complexity by solving inter-chip connection issues
 ■Solves bus matching issues from x8, x9, x16, x18, x36 up to x72 bit 
bus widths
 ■Allows mismatched voltage parts to be used together. 1.8, 2.5, 3.3 
and 5V I/O’s can be adapted

 ■Buffers bus speed mismatch from DC to 200 MHz
 ■Densities range from 8 Kb up to 36 Mb allowing a wide range of 
applications
 ■ Improves time-to-market by using proven off-the-shelf devices



Multi-Port Product Family

Multi-Port End Applications Include

Typical Multi-Port Application Block Diagrams

Asynchronous Dual-Port RAMs
An asynchronous dual-port is a memory with non-clocked inputs and 
outputs for data, address, and control functions.

Bank-Switchable Dual-Port RAMs
Renesas synchronous bank-switchable dualported RAMS offer 
increased density, while retaining many of the features of true dual-
ports including access to the shared array, separate clocks per port, 200 
MHz operating speed, full-boundary counters, and pinouts compatible 
to the dual-port family.

FourPort RAMs
Renesas four-port RAMs are cost-effective low-power multiports that 
provide maximum functionality while taking up minimum board space 
to address the needs of high-end multimedia handset applications.

Synchronous Dual-Port RAMs
Renesas synchronous dual-port RAM memory cells allow access to 
simultaneous access of address from both ports.

Asynchronous Low-Power Dual-Port RAMs
Renesas low-power dual-ports simplify the design process for hand 
held devices. Renesas LPDPs provide exceptionally low power 
consumption and the ability to buffer voltage, speed, and bus width 
mismatch between processors.

Storage Area Network

Data Aquisition

Dual-Port

Dual-Port

Dual-Port

Dual-Port

Dual-Port

HOST BUS
ADAPTER

Controller

SERDES

SERDES

FPGA

FPGA

NPU

NPU

32 Bit
100MHz

32 Bit
100MHz

Fiber
Channel 64 Bit

133 MHz

Flash
1024 KB
(Data)

RAM
4 KB

System
Functions

ECU Reset
& Power
Control

Standby Power Supply

JTAG

100
Mbit/s

Automatic
Power-On

TRIGGER
CONTROL

Page
Initialization

POWER SUPPLY
AND CONTROL

 

ETHERNET
CONTROL

CONTROL
PROCESSOR

Debug
Interface

Battery

Dual-Port

Dual-Port

 ■Flight control
 ■Video conference system
 ■Sonar
 ■Gas sensor
 ■Semiconductor equipment

 ■Aircraft mission recorder
 ■PC for railway system
 ■ Industrial robot
 ■Motor drive controller
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FIFO Product Family

FIFO End Applications Include

Typical FIFO Application Block Diagrams

Asynchronous FIFOs
Renesas asynchronous FIFOs are a form of memory with separate 
s t ro b e s fo r re a d i n g a n d w r i t i n g . Wh e n u s e d t o b u f fe r d a t a 
transmissions, they permit processing of data to proceed before the 
transmission has completed. They do this by preventing data overflow 
and underflow using logic to allow for unlimited expansion capability in 
both word size and depth.

Bi-Directional FIFOs
Renesas bi-directional FIFOs can transfer data in two directions, 
enabling optimized inter-processor and inter-DSP communication. To 
achieve the bidirectional transfer capability, especially useful in 
communication network equipment. The highly integrated devices 
provide two side-by-side FIFO memory arrays. They accelerate cycle 
times, reduce board space and allow more efficient bus utilization.

Queuing FIFOs
The Renesas FIFO Multi-Queue device is a fully programmable device, 
providing the user with flexibility in how queues are configured.

Synchronous FIFOs
Renesas synchronous FIFOs are particularly appropriate for network, 
v ideo, te lecommunicat ions, data communicat ions and other 
applications that need to buffer large amounts of data.

Test Equipment Application

Data Buffering: High Bandwidth LineCards

FIFO

ASIC
HSTL

156MHz

TEST 
SOCKET

LVTTL
HSTL

40MHz

SERIAL 
I/O

BACKPLANE

FPGA 
CONTROL

40MHz

FIFO

FIFO

FIFO

Packet
Processor

Packet
Processor

Packet
Processor

OC-192
10Gbit/s

OC-12
622Mbit/s

OC-3
155Mbit/s

SWITCHING
CORE

Line Card

Line Card

125 MHz

18 36

100 MHz

Line Card

Ba
ck

pl
an

e

 ■Medical recorder
 ■Repeater
 ■Ultrasound
 ■Densitometer
 ■Surgical instrument

 ■ATM
 ■Electroencephalograph
 ■Cell phone tester
 ■Commercial avionics
 ■Printer

FIFO Products
Renesas is the FIFO market leader with more than 140 synchronous, asynchronous  and bi-directional products to help designers solve interchip 
communications  problems, such as rate matching, buffering and bus matching.



Asynchronous SRAMs, Synchronous Burst SRAMs, Zero Bus Turnaround (ZBT) SRAMs

SRAM

In addition to our FIFOs and Multi-ports, Renesas offers a line of high-speed, industry-standard SRAMs that are used in communications, industrial 
and military markets. Renesas has been in the SRAM business for more than 40 years with a track record of consistant, innovative, high-quality 
products.

SRAM Benefits

 ■A wide range of products from 16-Kbit to 18-Mbit densities
 ■Synchronous and asynchronous architectures

 ■Renesas invented ZBT technology, the communications SRAM 
standard

Specialty Memory End Applications

 ■ Industrial controls
 ■Medical applications
 ■Elevator controls

 ■Brewery controls
 ■Robotic welding
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EEPROM

MONOS Structure

EEPROM Applications

MONOS structure has an advantage that the stored charge in cell is less likely to be lost compared to another structure, FLOTOX.  This leads to a 
longer data retention life.

Used in a broad range of industrial to consumer fields for storing data that must be retained even after the power shutdown, such as parameters of 
manufacturing equipment or device setting information.

Renesas EEPROM realizes high-speed, low power consumption and a high level of reliability by employing advanced MONOS memory technology, 
CMOS process and low voltage circuitry technology.

MONOS Type
(Renesas)

FLOTOX Type
(Competitors)

Put in and out the charge by whole
interface of Tunnel oxide film

Put in and out the charge by partial (local)
interface of Tunnel oxide film

Keeps the charge in dielectric (non-conducting) film

-> Even if a defective weak spot occurs in the

 tunnel oxide, loss of the charge is locally limited.

-> Easy to keep the high reliability

-> No need for ECC circuit

Keeps the charge in conducting film (poly Si)

-> A local defect of the tunnel oxide can lead to

 entire loss of the charge.

-> Difficult to keep the reliability

-> Needs ECC circuit for large density

(Sponge) (Water balloon)

Charge loss
is locally limited

All the charge
is lost through

the defect

Charge
accumulation model

Charge
accumulation model

DrainSource

Si

Oxide
Metal

Nitride (Si3N4)
Oxide
Semiconductor

Control Gate Control Gate

Si

Drain

Floating Gate
Tunnel Oxide

Source

Factory
automation

Energy
system

Communication
infrastructure

POS
system

Car accessory
(non-driveline)

Navigation, etc.

Healthcare
equipment

Consumer
electronics

Office
automation
apparatus

Gaming

Industrial Consumer

Serial EEPROM Features
 ■Memory Density: 2Kb to 512Kb
 ■Standard serial interface: I2C (2-wire) and SPI bus enables a direct connection with MPU
 ■Data security function: write protection pin and software write protection
 ■Wide operating voltage range: 1.8V ~ 5.5V
 ■Wide temperature range of -40°C ~ +85°C
 ■Supports high-speed mode 400kHz~1MHz (I2C) and 3MHz~5MHz (SPI)
 ■Endurance: 1,000K cycles, Data retention: 100 years
 ■Compact packages: SOP-8 and TSSOP-8

Product Lineup

Product Series Interface Density SOP-8 Package TTSOP-8 Package

R1EX24002A / R1EX24004A / R1EX24008A I2C 2Kb / 4Kb / 8Kb  

R1EX24016A / R1EX24032A / R1EX24064A I2C 16Kb / 32Kb / 64Kb  

R1EX24128B / R1EX24256B / R1EX24512B I2C 128Kb / 256Kb / 512Kb  

R1EX25002A / R1EX25004A / R1EX25008A SPI 2Kb / 4Kb / 8Kb  

R1EX25016A / R1EX25032A / R1EX25064A SPI 16Kb / 32Kb / 64Kb  

HN58X25128 / HN58X25256 SPI 128Kb / 256Kb 

R1EX25512A SPI 512Kb  



FLASH Memory

Task
Recommended 

Product
Density Family

Boot Code 
Code Shadow

AT25SL
32Mbit to 128Mbit 
256Mbit available in Q1 2025

Standard 1.8V

AT25SF 4Mbit to 256Mbit Standard 3V

AT25FF 4Mbit to 32Mbit Standard Low Power

AT25EU 1Mbit to 16Mbit Ultra-Low Energy

Execute-in-Place AT25XE 4Mbit to 32Mbit FusionHD System-Enhancing Features

AT25FF 4Mbit to 32Mbit Standard Low Power

AT25SL
32Mbit to 128Mbit 
256Mbit available in Q1 2025

Standard 1.8V

AT25SF 4Mbit to 256Mbit Standard 3V

AT25EU 1Mbit to 16Mbit Ultra-Low Energy

System settings and 
configuration

AT25EU 1Mbit to 16Mbit Ultra-Low Energy

AT25XE 256Kbit to 32Mbit FusionHD System-Enhancing Features

AT25FF 4Mbit to 32Mbit Standard Low Power

AT45DB 2Mbit to 64Mbit DataFlash High Efficiency Data Logging

Data Logging AT45DB 2Mbit to 64Mbit DataFlash High Efficiency Data Logging

AT25XE 256Kbit to 32Mbit FusionHD System-Enhancing Features

Download the Flash Product Selector Guide at 

More Choices for the System Designer

Recommended Products by Task

Renesas gives the system designer more choices in data and code storage to meet the power, processing and bandwidth challenges of power-
conscious environments.
In addition to our Standard class of Flash that is designed for tasks such as system boot, our System-Enhancing class of memory can reduce MCU 
overhead and save up to 85% energy.

System-Enhancing Products
IMPROVED SYSTEM PERFORMANCE

Standard Products
UNIVERSAL COMPATIBIL ITY

STANDARD
PIN OUT

STANDARD
COMMANDS

STANDARD
ARCHITECTURE

1
2
3
4

8
7
6
5

Designed to save up to 85% energy and
reduce MCU overhead

Ideal for Bootloader and
Execute-in-Place tasks

HIGH EFFICIENCY
ROBUST DATA
LOGGING

Supports
EXECUTE-IN-PLACE

POWER and
ENERGY SAVINGS

SIMPLIFIED
SOFTWARE

REDUCED
CPU OVERHEAD

Flash
Array

SR
AM

I/O
 In

te
rfa

ce

https://www.renesas.com/us/en/document/gde/spi-nor-flash-guide-standard-and-system-enhancing-memory?r=1609041
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Product Features System Benefit AT25XE 
FusionHD

AT45 
DataFlash

AT25EU 
Ultra low Energy

AT25FF 
Standard

Small Page Erase

Ideal for small updates 
Lower power 
Faster updates 
Reduce Flash wear

  

Read Modify Write
Single command update 
Reduces CPU overhead by 75% 
during memory updates

 

Single and Dual 
R/W SRAM Buffers

SRAM buffers independently 
controlled by designer 
Save energy 
Concurrent R/W operation

 
(Single)

 
(Dual)

Active Interrupt
Reduces MCU overhead / 
allows MCU to sleep

 

Low power Sleep
Internal circuitry powered down 
Removes need for external FET / 
power switching

7nA 400nA 100nA 7nA

AT25EU

Features Available on Renesas Flash

Total energy consumption is critical to battery-operated and power-conscious designs new AT25EU Flash combines low power plus fast 
performance to achieve the smallest energy footprint for power-conscious devices.

The Newest Flash- Ultra-Low Energy Consumption

Read Power

Up to 70%
LESS ENERGY

Deep Power Down

Up to 80%
LESS ENERGY

AT25EU

Brand z

0% 20% 40% 60% 80% 100%

Brand y

Brand x

AT25EU

Brand z

0% 20% 40% 60% 80% 100%

Brand y

Brand x
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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. It is 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.
(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.

© 2024 Renesas Electronics Corporation.
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