HIGH SPEED SERDES DEVICES AND APPLICATIONS

HiGH Speep SERDES DeVICES AND APPLICATIONS: UNLOCKING THE FUTURE oF DATA COMMUNICATION

HIGH SPEED SERDES DEVICES AND APPLICATIONS HAVE BECOME AN ESSENTIAL CORNERSTONE IN THE REALM OF MODERN DIGITAL
COMMUNICATION AND DATA TRANSFER TECHNOLOGIES. AS THE DEMAND FOR FASTER, MORE RELIABLE, AND ENERGY ~EFFICIENT
DATA TRANSMISSION GROWS EXPONENTIALLY, THESE DEVICES ARE INCREASINGLY VITAL IN BRIDGING THE GAP BETWEEN ANALOG
AND DIGITAL DOMAINS. WHETHER IT'S IN TELECOMMUNICATIONS, DATA CENTERS, OR CONSUMER ELECTRONICS, UNDERSTANDING
SERDES TECHNOLOGY AND ITS MYRIAD APPLICATIONS PROVIDES VALUABLE INSIGHT INTO HOW OUR DIGITAL WORLD STAYS
CONNECTED AT LIGHTNING SPEEDS.

WHAT ARE HiGH Speep SerDes DeviCES?

SerDES STANDS FOR SERIALIZER/DESERIALIZER, A PAIR OF FUNCTIONAL BLOCKS USED IN HIGH-SPEED COMMUNICATIONS TO
CONVERT DATA BETWEEN SERIAL AND PARALLEL INTERFACES. IN SIMPLE TERMS, A SERDES DEVICE TAKES PARALLEL DATA,
CONVERTS IT INTO A SERIAL DATA STREAM FOR TRANSMISSION, AND THEN RECONVERTS THE SERIAL DATA BACK INTO PARALLEL
FORM AT THE RECEIVING END. THIS CONVERSION IS CRUCIAL BECAUSE SERIAL DATA TRANSMISSION REQUIRES FEWER PHYSICAL
CONNECTIONS, REDUCES ELECTROMAGNETIC INTERFERENCE (EMD, AND SUPPORTS HIGHER DATA RATES OVER LONGER DISTANCES
COMPARED TO PARALLEL DATA TRANSMISSION.

HiGH sPeeD SERDES DEVICES ARE ENGINEERED TO HANDLE DATA RATES OFTEN REACHING TENS OR EVEN HUNDREDS OF GIGABITS PER

SECOND (GBPS). THEY INCORPORATE SOPHISTICATED CLOCK RECOVERY, EQUALIZATION, AND ERROR CORRECTION MECHANISMS
TO MAINTAIN SIGNAL INTEGRITY, MAKING THEM INDISPENSABLE FOR MODERN HIGH-PERFORMANCE SYSTEMS.

How Do HiGH Speep SerDes W ork?

AT THE HEART OF A SERDES LIES TWO MAIN COMPONENTS:

- ¥*¥SeRIALIZER:** THIS PART CONVERTS MULTIPLE PARALLEL DATA BITS INTO A SINGLE HIGH-SPEED SERIAL BIT STREAM. |T
COLLECTS PARALLEL DATA FROM THE SOURCE AND TRANSMITS IT SEQUENTIALLY OVER A SINGLE OR A FEW COMMUNICATION
LINES.

- ¥ *DESERIALIZER: ¥ * ON THE RECEIVING END, THIS COMPONENT CONVERTS THE SERIAL DATA STREAM BACK INTO PARALLEL
DATA FOR FURTHER PROCESSING.

TO ENSURE THAT THE DATA REMAINS SYNCHRONIZED, SerRDES DEVICES USE EMBEDDED CLOCK RECOVERY TECHNIQUES, OFTEN

EMPLOYING PHASE-LOCKED LooPS (PLLS) or DELAY-LOCKED Loors (DLLS). THESE MECHANISMS HELP ALIGN THE TIMING OF
SERIAL DATA BITS, WHICH IS CRITICAL FOR ACCURATE DATA RECONSTRUCTION.

APPLICATIONS oF HiGH Speep SerDes Devices

THE VERSATILITY OF HIGH SPEED SERDES DEVICES MEANS THEY FIND APPLICATIONS ACROSS VARIOUS SECTORS. THEIR ABILITY
TO FACILITATE RAPID, RELIABLE DATA TRANSFER MAKES THEM A BACKBONE TECHNOLOGY IN SEVERAL CUTTING-EDGE FIELDS.

TELECOMMUNICATIONS AND NET\WORKING

IN TELECOM INFRASTRUCTURE, HIGH SPEED SerRDES DEVICES ENABLE THE TRANSMISSION OF MASSIVE AMOUNTS OF DATA OVER
OPTICAL FIBERS AND COPPER CABLES. THEY ARE FUNDAMENTAL COMPONENTS IN ROUTERS, SWITCHES, AND TRANSCEIVERS THAT
MANAGE DATA TRAFFIC ACROSS THE INTERNET. W/ITH THE RISE OF 5G AND BEYOND, THESE DEVICES SUPPORT THE HIGH



BANDWIDTH REQUIREMENTS OF MODERN WIRELESS COMMUNICATION NET W ORKS.

DATA CenTers AND CLoup COMPUTING

DATA CENTERS DEMAND EXTREMELY FAST AND EFFICIENT DATA TRANSFER BETWEEN SERVERS, STORAGE DEVICES, AND
NETWORKING EQUIPMENT. HIGH SPEED SERDES FACILITATE THIS BY ENABLING HIGH-BANDWIDTH INTERCONNECTIONS WITH MINIMAL
LATENCY. THE ONGOING GROW TH OF CLOUD SERVICES AND BIG DATA ANALYTICS FURTHER AMPLIFIES THE NEED FOR SERDES
DEVICES CAPABLE OF HANDLING MULTI-GIGABIT TO TERABIT DATA RATES.

CoNSUMER ELECTRONICS

FROM HIGH-DEFINITION VIDEO STREAMING TO GAMING CONSOLES AND VIRTUAL REALITY (VR) DEVICES, THE NEED FOR RAPID
DATA TRANSFER IN CONSUMER ELECTRONICS IS EVER-PRESENT. SERDES TECHNOLOGY IS EMBEDDED IN INTERFACES LIKE HDMI,
DispLAYPORT, AND MIPI (MoBILE INDUSTRY PROCESSOR INTERFACE) TO SUPPORT HIGH-RESOLUTION DISPLAYS AND FAST
COMMUNICATION BETWEEN CHIPS WITHIN DEVICES.

AUTOMOTIVE INDUSTRY

MODERN VEHICLES INCREASINGLY RELY ON ADVANCED DRIVER-ASSISTANCE SYSTEMS (ADAS), INFOTAINMENT, AND SENSOR
DATA PROCESSING, ALL OF WHICH REQUIRE ROBUST HIGH-SPEED DATA COMMUNICATION. SERDES DEVICES HELP TRANSMIT DATA
EFFICIENTLY WITHIN THE VEHICLE)S NET\X/ORK, ENSURING SEAMLESS INTEGRATION OF MULTIPLE ELECTRONIC CONTROL UNITS
(ECUs) AND SENSORS.

INDUSTRIAL AND AEROSPACE APPLICATIONS

IN INDUSTRIAL AUTOMATION AND AEROSPACE, RELIABLE HIGH-SPEED DATA TRANSFER IS CRITICAL FOR REAL-TIME CONTROL,
MONITORING, AND TELEMETRY. SERDES DEVICES CONTRIBUTE TO REDUCING WIRING COMPLEXITY AND WEIGHT WHILE MAINTAINING
SIGNAL INTEGRITY IN HARSH ENVIRONMENTS.

Key BeNerITs ofF UsING HIGH SPeeb SErDEs

UNDERSTANDING WHY HIGH SPEED SERDES DEVICES ARE FAVORED INVOLVES LOOKING AT THE SPECIFIC ADVANTAGES THEY OFFER
OVER TRADITIONAL DATA TRANSMISSION METHODS.

Repuceb PIN CouNnT AND BoarD COMPLEXITY

BY CONVERTING PARALLEL DATA INTO A SERIAL FORMAT, SERDES DRASTICALLY REDUCES THE NUMBER OF PHYSICAL
CONNECTIONS NEEDED BETWEEN COMPONENTS. THIS SIMPLIFICATION LOWERS MANUFACTURING COSTS, IMPROVES RELIABILITY,
AND REDUCES PCB spACE.

HiGHER DATA RATES AND BANDWIDTH EFFICIENCY

SERIAL DATA STREAMS CAN OPERATE AT MUCH HIGHER FREQUENCIES COMPARED TO PARALLEL BUSES, ENABLING FASTER DATA
TRANSMISSION. THIS CAPABILITY IS ESSENTIAL AS MODERN APPLICATIONS PUSH THE LIMITS OF BANDWIDTH.



IMPROVED SIGNAL INTEGRITY AND EMI REDUCTION

FEWER DATA LINES MEAN LESS CROSSTALK AND ELECTROMAGNETIC INTERFERENCE, LEADING TO CLEANER SIGNALS AND LOWER
ERROR RATES. TECHNIQUES LIKE EQUALIZATION AND PRE-EMPHASIS FURTHER ENHANCE SIGNAL QUALITY OVER LONGER DISTANCES.

Power EFFICIENCY

HiGH sPeeD SERDES DEVICES ARE DESIGNED TO BE POWER-EFFICIENT, WHICH IS CRITICAL IN BOTH MOBILE AND LARGE-SCALE
APPLICATIONS WHERE POWER CONSUMPTION IMPACTS SYSTEM PERFORMANCE AND OPERATING COSTS.

TRENDS AND INNOVATIONS IN HIGH SPEeD SERDES TECHNOLOGY

THE FIELD OF SERDES TECHNOLOGY IS DYNAMIC, WITH ONGOING RESEARCH AND DEVELOPMENT AIMED AT PUSHING THE
BOUNDARIES OF SPEED, POWER EFFICIENCY, AND INTEGRATION.

INTEGRATION WITH SYsTeM-oN-CHIP (SoC) DesiGNs

MOoDERN SOCS INCREASINGLY INCORPORATE SERDES BLOCKS DIRECTLY ON-CHIP, REDUCING LATENCY AND IMPROVING OVERALL
SYSTEM PERFORMANCE. THIS INTEGRATION ENABLES COMPACT DEVICE DESIGNS, ESPECIALLY IMPORTANT IN MOBILE AND EMBEDDED
APPLICATIONS.

ADVANCED MODULATION AND EQUALIZATION TECHNIQUES

To OVERCOME CHANNEL IMPAIRMENTS AND MAINTAIN HIGH DATA INTEGRITY, DESIGNERS EMPLOY SOPHISTICATED MODULATION
SCHEMES AND ADAPTIVE EQUALIZATION ALGORITHMS. THESE ADVANCEMENTS HELP ACHIEVE RELIABLE TRANSMISSION AT SPEEDS
BeyoND 100 Gseps.

Co-Packacep OpTICS

COMBINING SERDES WITH OPTICAL TRANSCEIVERS IN A SINGLE PACKAGE IS A GROWING TREND IN DATA CENTERS. THIS APPROACH
REDUCES POWER CONSUMPTION AND LATENCY WHILE INCREASING BANDWIDTH DENSITY.

SUPPORT FOR EMERGING STANDARDS

HiGH sPEED SERDES DEVICES ARE EVOLVING TO MEET THE REQUIREMENTS OF NEW COMMUNICATION PROTOCOLS SUCH AS PClEe
GEn5/GenG, 400G ETHERNET, AND BEYOND. THIS ENSURES BACKWARD COMPATIBILITY WHILE ENABLING FUTURE-PROOF
DESIGNS.

CHoosING THE RIGHT HiGH SPeep SErDES DevICE FOR YOUR APPLICATION

SELECTING THE APPROPRIATE SERDES DEVICE DEPENDS ON SEVERAL FACTORS, INCLUDING DATA RATE REQUIREMENTS, POWER
BUDGET, FORM FACTOR, AND COMPATIBILITY WITH EXISTING SYSTEMS.



o DATA RATE AND BANDWIDTH: IDENTIFY THE MAXIMUM SPEED YOUR APPLICATION DEMANDS TO ENSURE THE SERDES CAN
HANDLE THE THROUGHPUT.

® SIGNAL INTEGRITY FEATURES: LOOK FOR DEVICES WITH BUILT-IN EQUALIZERS, CLOCK DATA RECOVERY, AND ERROR
CORRECTION TO MAINTAIN DATA QUALITY.

o Power CONSUMPTION: ESPECIALLY CRITICAL IN BATTERY-POWERED OR HIGH-DENSITY APPLICATIONS.
o INTERFACE COMPATIBILITY: ENSURE THE SERDES SUPPORTS THE NECESSARY PROTOCOLS AND SIGNALING STANDARDS.

* PACKAGE AND Size: CONSIDER PHYSICAL CONSTRAINTS, ESPECIALLY IN COMPACT OR EMBEDDED SYSTEMS.

CONSULTING DATASHEETS, VENDOR APPLICATION NOTES, AND EVALUATION BOARDS CAN PROVIDE DEEPER INSIGHTS INTO DEVICE
PERFORMANCE UNDER YOUR SPECIFIC CONDITIONS.

THe FUTURE OuTLOOK OF HIGH SPEeD SErRDES DEVICES AND APPLICATIONS

AS DATA DEMANDS CONTINUE TO SOAR WITH THE PROLIFERATION OF Al, I0oT, 5G, AND EDGE COMPUTING, THE ROLE OF HIGH
SPEED SERDES DEVICES BECOMES EVEN MORE CRITICAL. FUTURE INNOVATIONS WILL LIKELY FOCUS ON PUSHING DATA RATES
FURTHER WHILE MINIMIZING POWER AND COST. THE INTEGRATION OF MACHINE LEARNING TECHNIQUES INTO SERDES DESIGN FOR
ADAPTIVE SIGNAL PROCESSING AND ERROR CORRECTION IS AN EXCITING FRONTIER. ADDITIONALLY, THE CONVERGENCE OF
OPTICAL AND ELECTRICAL DOMAINS WILL REDEFINE DATA TRANSMISSION PARADIGMS, WITH SERDES TECHNOLOGY AT THE CORE
OF THIS TRANSFORMATION.

IN THE GRAND SCHEME, HIGH SPEED SERDES DEVICES AND APPLICATIONS ARE NOT JUST ENABLERS BUT ACCELERATORS OF DIGITAL
INNOVATION, CONNECTING THE WORLD AT UNPRECEDENTED SPEEDS AND RELIABILITY. WHETHER YOU’RE A SYSTEM DESIGNER,
ENGINEER, OR TECH ENTHUSIAST, KEEPING ABREAST OF SERDES DEVELOPMENTS OFFERS A WINDOW INTO THE FUTURE OF HIGH-
SPEED DATA COMMUNICATION.

FREQUENTLY AsSkeD QUESTIONS

\WHAT ARE HIGH SPEED SERDES DEVICES?

HiGH sPeep SERDES (SERIALIZER/DESERIALIZER) DEVICES ARE INTEGRATED CIRCUITS THAT CONVERT PARALLEL DATA INTO SERIAL
DATA AND VICE VERSA AT VERY HIGH SPEEDS, ENABLING EFFICIENT DATA TRANSMISSION OVER FEWER PHYSICAL CHANNELS.

\WHAT APPLICATIONS COMMONLY USE HIGH SPEED SERDES DEVICES?

HiGH sPeED SERDES DEVICES ARE COMMONLY USED IN DATA CENTERS, TELECOMMUNICATIONS, HIGH-PERFORMANCE COMPUTING,
PCle INTERFACES, ETHERNET NET\WORKING, AND STORAGE SYSTEMS TO FACILITATE FAST AND RELIABLE DATA COMMUNICATION.

How Do HIGH SPEED SERDES DEVICES IMPROVE DATA TRANSMISSION?

THEY REDUCE THE NUMBER OF DATA LINES NEEDED BY SERIALIZING PARALLEL DATA, MINIMIZE SIGNAL INTEGRITY ISSUES, AND
SUPPORT HIGHER DATA RATES, RESULTING IN EFFICIENT AND HIGH-BANDWIDTH DATA TRANSMISSION OVER LONGER DISTANCES.

WHAT DATA RATES ARE TYPICAL FOR MODERN HIGH SPEED SERDES DEVICES?

MODERN HIGH SPEED SERDES DEVICES TYPICALLY SUPPORT DATA RATES RANGING FROM 10 Geps Up To 112 Geps orR HIGHER,
DEPENDING ON THE TECHNOLOGY AND APPLICATION REQUIREMENTS.



\W/HAT ROLE DO HIGH SPEED SERDES DEVICES PLAY IN 5G NETWORKS?

IN5G NETWORKS, HIGH SPEED SERDES DEVICES ENABLE FAST AND RELIABLE DATA TRANSFER BETWEEN RADIO UNITS AND
BASEBAND PROCESSING UNITS, SUPPORTING THE HIGH BANDWIDTH AND LOW LATENCY DEMANDS OF 5G TECHNOLOGY.

\WHAT CHALLENGES ARE ASSOCIATED WITH DESIGNING HIGH SPEED SERDES DEVICES?

DESIGN CHALLENGES INCLUDE MANAGING SIGNAL INTEGRITY AT HIGH FREQUENCIES, MINIMIZING POWER CONSUMPTION, REDUCING
JITTER, HANDLING ELECTROMAGNETIC INTERFERENCE, AND ENSURING COMPATIBILITY WITH VARIOUS COMMUNICATION STANDARDS.

How poes PAM4 SIGNALING IMPACT HIGH SPEED SERDES DEVICES?

PAM4 (PULSE AMPLITUDE MODULATION WITH 4 LEVELS) SIGNALING ALLOWS HIGH SPEED SERDES DEVICES TO TRANSMIT TWO
BITS PER SYMBOL, EFFECTIVELY DOUBLING THE DATA RATE WITHOUT INCREASING THE BANDWIDTH, BUT IT REQUIRES MORE
COMPLEX SIGNAL PROCESSING AND ERROR CORRECTION.

\W/HAT STANDARDS UTILIZE HIGH SPEED SERDES TECHNOLOGY?

STANDARDS sucH As PCl Express (PCle) Gend/Gen5, ETrerneT (40G, 100G, 400G), USB4, AnD Fisre CHANNEL
EMPLOY HIGH SPEED SERDES TECHNOLOGY TO ACHIEVE HIGH DATA THROUGHPUT AND EFFICIENT COMMUNICATION.

How Do HIGH SPEED SERDES DEVICES CONTRIBUTE TO ENERGY EFFICIENCY?

BY REDUCING THE NUMBER OF PHYSICAL DATA LINES AND USING ADVANCED ENCODING AND EQUALIZATION TECHNIQUES, HIGH
SPEED SERDES DEVICES DECREASE POWER CONSUMPTION PER BIT TRANSMITTED, CONTRIBUTING TO OVERALL SYSTEM ENERGY
EFFICIENCY.

ADDITIONAL RESOURCES

HigH Speep SERDES DevICES AND APPLICATIONS: A CRITICAL REVIEW

HIGH SPEED SERDES DEVICES AND APPLICATIONS HAVE EMERGED AS FUNDAMENTAL COMPONENTS IN MODERN DIGITAL
COMMUNICATION SYSTEMS, ENABLING RAPID DATA TRANSFER ACROSS INTEGRATED CIRCUITS AND BETWEEN HARD\W ARE MODULES.
AS DATA RATES SOAR TO MEET THE DEMANDS OF CLOUD COMPUTING, 5G NETWORKS, AND HIGH-PERFORMANCE COMPUTING, THE
ROLE OF SERIALIZER/DESERIALIZER (SERDES) TECHNOLOGY HAS BECOME INCREASINGLY INDISPENSABLE. THIS ARTICLE OFFERS AN
IN-DEPTH ANALYSIS OF HIGH SPEED SERDES DEVICES, THEIR TECHNOLOGICAL FEATURES, AND THE DIVERSE APPLICATIONS DRIVING
INNOVATION IN THIS SECTOR.

UNDERSTANDING HiGH SPeep SErRDEes DevVICES

ATITS CORE, A SERIALIZER/DESERIALIZER (SERDES) IS A PAIR OF FUNCTIONAL BLOCKS USED TO CONVERT DATA BETWEEN
SERIAL AND PARALLEL FORMS. HIGH SPEED SERDES DEVICES FOCUS ON TRANSMITTING DATA AT GIGABIT-PER-SECOND (GBPS)
RATES, OFTEN REACHING TENS OR EVEN HUNDREDS OF GIGABITS PER SECOND PER CHANNEL. THE PRIMARY GOAL IS TO REDUCE THE
NUMBER OF INPUT/OUTPUT (|/O) PINS ON CHIPS WHILE MAINTAINING HIGH THROUGHPUT AND SIGNAL INTEGRITY.

MODERN HIGH SPEED SERDES CIRCUITS INTEGRATE ADVANCED ANALOG AND DIGITAL TECHNIQUES TO ACHIEVE OPTIMAL
PERFORMANCE. THESE INCLUDE CLOCK AND DATA RECOVERY (CDR) CIRCUITS, EQUALIZATION METHODS, AND SOPHISTICATED
MODULATION SCHEMES. THE CONSTANT EVOLUTION IN SEMICONDUCTOR FABRICATION PROCESSES—FROM 28NM CMOS TO 7NM
AND BEYOND—HAS ENABLED SHRINKING OF SERDES CORES, LOWER POWER CONSUMPTION, AND HIGHER DATA RATES.



Key FEATURES oF HIGH SPeeD SeErDES

HiGH sPeep SERDES DEVICES ARE CHARACTERIZED BY SEVERAL TECHNICAL PARAMETERS THAT INFLUENCE THEIR SUITABILITY FOR
VARIOUS APPLICATIONS:

e DATA RATE: TYPICALLY RANGES FROM 1 GBPS TO oVER 100 GBPS PER LANE, DEPENDING ON TECHNOLOGY AND DESIGN
GOALS.

® Power EFFICIENCY: CRUCIAL FOR DATA CENTERS AND MOBILE DEVICES WHERE ENERGY CONSUMPTION IMPACTS
OPERATIONAL COSTS AND BATTERY LIFE.

o SIGNAL INTEGRITY: INCORPORATES EQUALIZERS SUCH AS ConTINUoUs-TIME LiNear EQuaLizers (CTLE) anp Decision
Feepeack EQuUALIzers (DFE) To COMBAT CHANNEL LOSSES.

e LATENCY: LOW LATENCY IS ESSENTIAL IN HIGH-FREQUENCY TRADING AND REAL-TIME APPLICATIONS.

e ProTocoL COMPATIBILITY: SUPPORT FOR STANDARDS LIKE PCIE, ETHERNET, FIBRE CHANNEL, AND DISPLAYPORT
ENHANCES VERSATILITY.

APPLICATIONS DRIVING THE DEMAND FOR HiGH SPeeD SErRDES

THE EXPANDING DIGITAL ECOSYSTEM, CHARACTERIZED BY MASSIVE DATA GENERATION AND TRANSMISSION, UNDERPINS THE
GROW/ING RELIANCE ON HIGH SPEED SERDES DEVICES AND APPLICATIONS. SEVERAL SECTORS HAVE EMERGED AS PRIME
BENEFICIARIES OF THIS TECHNOLOGY.

DATA CenTers AND CLOUD INFRASTRUCTURE

DATA CENTERS ARE THE BACKBONE OF THE DIGITAL ECONOMY, REQUIRING EFFICIENT INTERCONNECTS TO HANDLE ENORMOUS DATA
VOLUMES. HIGH SPEED SERDES DEVICES ENABLE SCALABLE, HIGH-BANDWIDTH LINKS BETWEEN SERVERS, STORAGE ARRAYS, AND
NETWORKING EQUIPMENT. FOR INSTANCE, 100G AnD 400G ETHERNET STANDARDS LEVERAGE MULTI-LANE SERDES INTERFACES
TO MEET ESCALATING THROUGHPUT DEMANDS.

THE FOCUS ON REDUCING POWER PER BIT AND IMPROVING THERMAL CHARACTERISTICS HAS LED TO INNOVATIONS SUCH AS
PAM4 (PULSE AMPLITUDE MODULATION WITH 4 LEVELS) SIGNALING, WHICH DOUBLES DATA RATES WITHOUT INCREASING THE
BANDWIDTH. HIGH SPEED SERDES IMPLEMENTATIONS IN DATA CENTERS EMPHASIZE LOW JITTER AND ROBUST ERROR CORRECTION
TO MAINTAIN RELIABILITY OVER VARYING CABLE LENGTHS AND CONNECTOR TYPES.

TELECOMMUNICATIONS AND 5G NETWORKS

THE ROLLOUT OF 5G TECHNOLOGY HAS INTENSIFIED THE NEED FOR HIGH SPEED SERDES IN RADIO ACCESS NETWORKS AND
BACKHAUL INFRASTRUCTURE. 5G’S HIGH-FREQUENCY BANDS AND MASSIVE MIMO (MULTIPLE INPUT MULTIPLE QUTPUT)
SYSTEMS GENERATE VAST DATA STREAMS THAT MUST BE SERIALIZED EFFICIENTLY FOR TRANSMISSION.

HiGH sPEED SERDES DEVICES FACILITATE THE INTERFACE BETWEEN BASEBAND PROCESSORS AND RADIO MODULES, ENSURING
MINIMAL LATENCY AND HIGH THROUGHPUT. ADDITIONALLY, OPTICAL TRANSCEIVERS EQUIPPED WITH SERDES CORES ENABLE FIBER
OPTIC LINKS ESSENTIAL FOR 5G FRONTHAUL AND MIDHAUL NETWORKS. THE ABILITY TO SUPPORT DIVERSE PROTOCOLS SUCH AS
CPRI (Common PusLic Rabio INTERFACE) AND ECPRI IS A KEY CONSIDERATION IN THIS SPACE.



HigH-PerrorMANCE CoMPUTING (HPC) AND Al ACCELERATORS

HPC cLUSTERS AND Al-SPECIFIC HARDW ARE PLATFORMS DEPEND ON ULTRA-FAST DATA EXCHANGE TO ACCELERATE
COMPUTATION. SERDES TECHNOLOGY IS INTEGRAL TO THE INTERCONNECTION FABRIC CONNECTING CPUs, GPUs, FPGAS, AND
cusToM Al ASICs. As Al WORKLOADS SCALE, THE NEED FOR MULTI-LANE, HIGH SPEED SERDES LINKS GROWS IN TANDEM.

DESIGNERS OFTEN PRIORITIZE LOW LATENCY AND DETERMINISTIC TIMING IN THESE DEVICES TO OPTIMIZE PARALLEL PROCESSING
AND SYNCHRONIZATION. FURTHERMORE, THE INTEGRATION OF SERDES WITHIN SYSTEM-ON-CHIP (SOC) DESIGNS ENABLES
COMPACT, HIGH"BANDWIDTH MODULES WITH REDUCED ELECTROMAGNETIC INTERFERENCE <EM|)

CoNSUMER ELECTRONICS AND DISPLAY TECHNOLOGIES

\X/HILE CONSUMER DEVICES MAY NOT DEMAND THE HIGHEST DATA RATES SEEN IN DATA CENTERS, HIGH SPEED SERDES STILL PLAY
A CRITICAL ROLE IN APPLICATIONS SUCH AS HIGH-DEFINITION VIDEO TRANSMISSION, VIRTUAL REALITY (VR), AND AUGMENTED
REALITY (AR). FOr EXAMPLE, DISPLAYPORT AND HDMI INTERFACES UTILIZE SERDES TO SERIALIZE VIDEO AND AUDIO DATA
STREAMS OVER LIMITED WIRING.

THESE APPLICATIONS REQUIRE A BALANCE BETWEEN DATA RATE, POWER CONSUMPTION, AND SIGNAL INTEGRITY TO MAINTAIN
HIGH-QUALITY USER EXPERIENCES. AS 8K VIDEO AND BEYOND BECOME MAINSTREAM, SERDES TECHNOLOGY CONTINUES TO
EVOLVE TO MEET THESE BANDWIDTH-INTENSIVE REQUIREMENTS.

CoMPARING SERDES TECHNOLOGIES: ELECTRICAL VS. OPTICAL

AN IMPORTANT CONSIDERATION IN HIGH SPEED DATA COMMUNICATIONS IS THE CHOICE BETWEEN ELECTRICAL AND OPTICAL
SERDES IMPLEMENTATIONS. BOTH APPROACHES HAVE UNIQUE ADVANTAGES AND CONSTRAINTS.

o ELecTRICAL SERDES: TYPICALLY USED FOR SHORT-REACH INTERCONNECTS WITHIN PCBS OR BETWEEN CHIPS IN A
SYSTEM. THEY OFFER LOWER COST AND SIMPLER INTEGRATION BUT ARE LIMITED BY SIGNAL ATTENUATION AND
ELECTROMAGNETIC INTERFERENCE OVER LONGER DISTANCES.

e OPTICAL SERDES: EMPLOY OPTICAL TRANSCEIVERS TO CONVERT ELECTRICAL SIGNALS INTO LIGHT FOR TRANSMISSION
OVER FIBER OPTICS. THIS APPROACH SUPPORTS LONGER DISTANCES, HIGHER BANDWIDTH, AND IMMUNITY TO EMI BUT
COMES AT INCREASED COMPLEXITY AND COST.

HYBRID SOLUTIONS COMBINING ELECTRICAL SERDES FOR ON-BOARD TRANSMISSION AND OPTICAL SERDES FOR INTER-RACK OR
INTER-DATA CENTER LINKS ARE COMMON IN CUTTING~EDGE INFRASTRUCTURE.

EMERGING TRENDS AND CHALLENGES

AS DATA DEMANDS CONTINUE TO ESCALATE, HIGH SPEED SERDES DEVICES FACE BOTH OPPORTUNITIES AND CHALLENGES. KEY
TRENDS INCLUDE:

* ADVANCED MODULATION TECHNIQUES: BEYOND PAM4 | RESEARCHERS EXPLORE HIGHER-ORDER MODULATION SCHEMES
Like PAM8 AND PAM 16 To BOOST DATA RATES FURTHER, THOUGH AT THE EXPENSE OF INCREASED SIGNAL PROCESSING
COMPLEXITY.

® INTEGRATION WITH PHOTONICS: SILICON PHOTONICS INTEGRATION AIMS TO MERGE OPTICAL COMPONENTS WITH CMOS
PROCESSES, PROMISING COMPACT AND ENERGY~EFFICIENT SERDES FOR ULTRA-HIGH BANDWIDTH APPLICATIONS.



¢ PoweR EFFICIENCY IMPROVEMENTS: W/ITH SUSTAINABILITY A PRIORITY, REDUCING POWER PER GBPS REMAINS A TOP
DESIGN GOAL FOR SERDES DEVELOPERS.

* ROBUSTNESS AND ADAPTABILITY: ADAPTIVE EQUALIZATION AND MACHINE LEARNING-DRIVEN CALIBRATION TECHNIQUES
ARE BEING EXPLORED TO MAINTAIN OPTIMAL PERFORMANCE UNDER VARYING ENVIRONMENTAL AND CHANNEL CONDITIONS.

NONETHELESS, CHALLENGES PERSIST, SUCH AS MANAGING ELECTROMAGNETIC INTERFERENCE IN DENSE ENVIRONMENTS, MINIMIZING
LATENCY FOR REAL-TIME SYSTEMS, AND BALANCING COST AGAINST PERFORMANCE ENHANCEMENTS.

THE LANDSCAPE OF HIGH SPEED SERDES DEVICES AND APPLICATIONS IS DYNAMIC, DRIVEN BY THE RELENTLESS PURSUIT OF

FASTER, MORE EFFICIENT DATA TRANSMISSION TECHNOLOGIES. AS INDUSTRIES FROM TELECOMMUNICATIONS TO Al COMPUTING
CONTINUE TO EXPAND, SERDES TECHNOLOGY WILL REMAIN A PIVOTAL ENABLER OF NEXT-GENERATION CONNECTIVITY.

High Speed Serdes Devices And Applications
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2024-06-21 This book constitutes the refereed proceedings of the 25th International Conference on
Engineering Applications of Neural Networks, EANN 2024, held in Corfu, Greece, during June 27-30,
2024. The 41 full and 2 short papers included in this book were carefully reviewed and selected from
85 submissions. They deal with reinforcement; natural language; biomedical applications;
classificaiton; deep learning; convolutional neural networks.

high speed serdes devices and applications: An Engineer's Guide to Automated Testing of
High-Speed Interfaces, Second Edition Jose Moreira, Hubert Werkmann, 2016-04-30 This second
edition of An Engineer's Guide to Automated Testing of High-Speed Interfaces provides updates to
reflect current state-of-the-art high-speed digital testing with automated test equipment technology
(ATE). Featuring clear examples, this one-stop reference covers all critical aspects of automated
testing, including an introduction to high-speed digital basics, a discussion of industry standards,
ATE and bench instrumentation for digital applications, and test and measurement techniques for
characterization and production environment. Engineers learn how to apply automated test
equipment for testing high-speed digital I/O interfaces and gain a better understanding of
PCI-Express 4, 100Gb Ethernet, and MIPI while exploring the correlation between phase noise and
jitter. This updated resource provides expanded material on 28/32 Gbps NRZ testing and wireless
testing that are becoming increasingly more pertinent for future applications. This book explores the
current trend of merging high-speed digital testing within the fields of photonic and wireless testing.

high speed serdes devices and applications: Microelectronics, Electromagnetics and
Telecommunications P. Satish Rama Chowdary, V.V.S.S.S. Chakravarthy, Jaume Anguera, Suresh
Chandra Satapathy, Vikrant Bhateja, 2020-06-24 This book discusses the latest developments and
outlines future trends in the fields of microelectronics, electromagnetics and telecommunication. It
includes original research presented at the International Conference on Microelectronics,
Electromagnetics and Telecommunication (ICMEET 2019), organized by the Department of ECE,
Raghu Institute of Technology, Andhra Pradesh, India. Written by scientists, research scholars and
practitioners from leading universities, engineering colleges and R&D institutes around the globe,
the papers share the latest breakthroughs in and promising solutions to the most important issues
facing today’s society.

high speed serdes devices and applications: High-Speed Devices and Circuits with THz
Applications Jung Han Choi, 2017-09-19 Presenting the cutting-edge results of new device
developments and circuit implementations, High-Speed Devices and Circuits with THz Applications
covers the recent advancements of nano devices for terahertz (THz) applications and the latest
high-speed data rate connectivity technologies from system design to integrated circuit (IC) design,
providing relevant standard activities and technical specifications. Featuring the contributions of
leading experts from industry and academia, this pivotal work: Discusses THz sensing and imaging
devices based on nano devices and materials Describes silicon on insulator (SOI) multigate nanowire
field-effect transistors (FETs) Explains the theory underpinning nanoscale nanowire
metal-oxide-semiconductor field-effect transistors (MOSFETSs), simulation methods, and their results
Explores the physics of the silicon-germanium (SiGe) heterojunction bipolar transistor (HBT), as well
as commercially available SiGe HBT devices and their applications Details aspects of THz IC design
using standard silicon (Si) complementary metal-oxide-semiconductor (CMOS) devices, including
experimental setups for measurements, detection methods, and more An essential text for the future
of high-frequency engineering, High-Speed Devices and Circuits with THz Applications offers
valuable insight into emerging technologies and product possibilities that are attractive in terms of




mass production and compatibility with current manufacturing facilities.

high speed serdes devices and applications: VLSI Design and Test Brajesh Kumar Kaushik,
Sudeb Dasgupta, Virendra Singh, 2017-12-21 This book constitutes the refereed proceedings of the
21st International Symposium on VLSI Design and Test, VDAT 2017, held in Roorkee, India, in
June/July 2017. The 48 full papers presented together with 27 short papers were carefully reviewed
and selected from 246 submissions. The papers were organized in topical sections named: digital
design; analog/mixed signal; VLSI testing; devices and technology; VLSI architectures; emerging
technologies and memory; system design; low power design and test; RF circuits; architecture and
CAD; and design verification.

high speed serdes devices and applications: Complex Digital Hardware Design Istvan
Nagy, 2024-05-09 This book is about how to design the most complex types of digital circuit boards
used inside servers, routers and other equipment, from high-level system architecture down to the
low-level signal integrity concepts. It explains common structures and subsystems that can be
expanded into new designs in different markets. The book is targeted at all levels of hardware
engineers. There are shorter, lower-level introductions to every topic, while the book also takes the
reader all they way to the most complex and most advanced topics of digital circuit design, layout
design, analysis, and hardware architecture.

high speed serdes devices and applications: Applications in Electronics Pervading
Industry, Environment and Society Sergio Saponara, Alessandro De Gloria, 2021-01-25 This book
provides a thorough overview of cutting-edge research on electronics applications relevant to
industry, the environment, and society at large. It covers a broad spectrum of application domains,
from automotive to space and from health to security, while devoting special attention to the use of
embedded devices and sensors for imaging, communication and control. The book is based on the
2020 ApplePies Conference, held online in November 2020, which brought together researchers and
stakeholders to consider the most significant current trends in the field of applied electronics and to
debate visions for the future. Areas addressed by the conference included information
communication technology; biotechnology and biomedical imaging; space; secure, clean and
efficient energy; the environment; and smart, green and integrated transport. As electronics
technology continues to develop apace, constantly meeting previously unthinkable targets, further
attention needs to be directed toward the electronics applications and the development of systems
that facilitate human activities. This book, written by industrial and academic professionals,
represents a valuable contribution in this endeavor.

high speed serdes devices and applications: Digital Technologies and Applications Saad
Motahhir, Badre Bossoufi, 2021-06-26 This book gathers selected research papers presented at the
First International Conference on Digital Technologies and Applications (ICDTA 21), held at Sidi
Mohamed Ben Abdellah University, Fez, Morocco, on 29-30 January 2021. highlighting the latest
innovations in digital technologies as: artificial intelligence, Internet of things, embedded systems,
network technology, information processing, and their applications in several areas such as hybrid
vehicles, renewable energy, robotic, and COVID-19. The respective papers encourage and inspire
researchers, industry professionals, and policymakers to put these methods into practice.

high speed serdes devices and applications: Future of Networks Dhiman Deb Chowdhury,
2025-01-18 This book provides a comprehensive discussion about the trends in network
transformation towards intelligent networks and what the future holds for communication
infrastructure. The author unveils the interplay of technologies and technological know-how that are
shaping the industry. Delving into the evolution of networking infrastructures from static to dynamic
and intelligent, this book explores how these advancements are enhancing user experiences, driving
digital transformation in businesses, and revolutionizing the way the world connects. Covering
trends in networking technologies, advances in SOCs, cloud networking, automation, network
insights (telemetry and observability), container networking, network security, and Al infrastructure,
readers will gain valuable insights into the cutting-edge technologies shaping the landscape of
communication infrastructure. Whether you're a seasoned industry professional or a newcomer to



the field, this book offers an invaluable resource for understanding the latest advancements and
future directions in networking technology.

high speed serdes devices and applications: Cognitive Informatics and Soft Computing
Pradeep Kumar Mallick, Akash Kumar Bhoi, Gongalo Marques, Victor Hugo C. de Albuquerque,
2021-07-01 This book presents best selected research papers presented at the 3rd International
Conference on Cognitive Informatics and Soft Computing (CISC 2020), held at Balasore College of
Engineering & Technology, Balasore, Odisha, India, from 12 to 13 December 2020. It highlights, in
particular, innovative research in the fields of cognitive informatics, cognitive computing,
computational intelligence, advanced computing, and hybrid intelligent models and applications.
New algorithms and methods in a variety of fields are presented, together with solution-based
approaches. The topics addressed include various theoretical aspects and applications of computer
science, artificial intelligence, cybernetics, automation control theory, and software engineering.

high speed serdes devices and applications: Signal Integrity Characterization Techniques
Mike Resso, Eric Bogatin, 2009 Cogently addressing the future of signal integrity and the effect it
will have on the data transmission industry as a whole, this all-inclusive guide addresses a wide
array of technologies, from traditional digital data transmission to microwave measurements, and
accessibly examines the gap between the two. Focusing on real world applications and providing a
wide array of case studies that show how each technology can be used—from backplane design
challenges to advanced error correction techniques—this guide addresses many of today’s
high-speed technologies while also providing excellent insight into their future direction. With
numerous valuable lessons pertaining to the signal integrity industry, this resource is the ultimate
must-read guide for any specialist in the design engineering field.

high speed serdes devices and applications: Automotive High Speed Communication
Technologies Kirsten Matheus, Michael Kaindl, 2022-11-07 The demands for processing power,
software, and communication are continuously increasing; in all industries and also in the
automotive one. In vehicles, the need for higher data rates is driven by more electronic functions in
general, but especially by ever more potent (camera) sensors, displays, and high performance ECUs.
This book provides a holistic view on new SerDes and Ethernet high-speed communication solutions
for cars. It addresses core physical components such as cables, connectors, or PCB design, as well as
physical layer processing, use-case-specific protocols, and the use cases as such. It is important to
the authors not only to explain the technologies, but also to provide context and background in
respect to various technical choices. The intent is to help readers understand the current eco-system
end-to-end, whether they are new to the automotive industry or experts who want to deepen their
understanding on specific items, whether they are working for a car manufacturer directly or any of
the suppliers, whether they are already involved or evaluating to get involved. This is the first book
to address the following topics: - the >10 Gbps Automotive Ethernet technologies IEEE 802.3cy and
IEEE 802.3cz - asymmetric Ethernet - the new automotive SerDes Standard, the ASA Motion Link -
the MIPI Automotive SerDes Solutions ( MASS ) - power supply over coaxial data cables - design for
testability in an automotive context

high speed serdes devices and applications: BoogarLists | Directory of Semiconductor
Manufacturers ,

high speed serdes devices and applications: Embedded System Design Peter Marwedel,
2017-07-26 A unique feature of this textbook is to provide a comprehensive introduction to the
fundamental knowledge in embedded systems, with applications in cyber-physical systems and the
Internet of things. It starts with an introduction to the field and a survey of specification models and
languages for embedded and cyber-physical systems. It provides a brief overview of hardware
devices used for such systems and presents the essentials of system software for embedded systems,
including real-time operating systems. The author also discusses evaluation and validation
techniques for embedded systems and provides an overview of techniques for mapping applications
to execution platforms, including multi-core platforms. Embedded systems have to operate under
tight constraints and, hence, the book also contains a selected set of optimization techniques,




including software optimization techniques. The book closes with a brief survey on testing. This third
edition has been updated and revised to reflect new trends and technologies, such as the importance
of cyber-physical systems and the Internet of things, the evolution of single-core processors to
multi-core processors, and the increased importance of energy efficiency and thermal issues.

high speed serdes devices and applications: Exploration of semiconductor product Andrew.
J, 2024-05-15 The semiconductor market refers to the industry involved in the design, development,
manufacturing, and distribution of semiconductors, which are the building blocks of electronic
devices. Semiconductors are materials with electrical conductivity between that of conductors (such
as metals) and insulators (such as plastics). They are primarily made of silicon, although other
materials like gallium arsenide, germanium, and indium phosphide are also used. The semiconductor
market has experienced significant growth over the years due to the increasing demand for
electronic devices and advancements in technology. The market is driven by various factors such as
the growing demand of smartphones and mobile devices, the expansion of the automotive industry,
the rise of Internet of Things (IoT) devices, and the development of emerging technologies like
artificial intelligence (AI), virtual reality (VR), and autonomous vehicles, etc. To sum up, the
semiconductor market is a dynamic and rapidly evolving industry that plays a critical role in shaping
the modern technological landscape. Its growth is driven by advancements in various sectors, and it
continues to be a key enabler of innovation and technological progress. The range of individual
technological elements necessary for the semiconductor industry is extensive, leading to the
publication of numerous technical books across various domains. (while it is understandable that
advanced technologies specific to each company are not publicly disclosed due to concerns
regarding potential leaks) These publications have undeniably played a significant role in aiding
professionals and students for establishing a solid foundation of knowledge. In addition to the
importance of individual technologies, it is necessary to examine what final products emerge as
these technologies converge. While consumer electronics such as PCs and smartphones vary, there
are common aspects among the semiconductor products that constitute them. Should one seek more
comprehensive materials, it often entails a costly purchase of white paper. In this book, we aim to
delve into a more in-depth discussion of the semiconductor market, with an emphasis on the product
perspective. To accomplish this, we will extensively draw upon various academic and market
resources. Additionally, in order to foster a comprehensive understanding of the market, it is
necessary to have a certain level of familiarity with technical elements. Therefore, some technical
explanations alongside the discussions is provided. In this book, we primary focus on the FAB
(Fabrication) domain. This book is divided into three major parts. Part 1 provides an overview of the
semiconductor market, covering the definition, significance, supply chain structure, regional
characteristics, challenges, and more within the semiconductor industry. Part 2, the major portion of
this book, offers a comprehensive explanation of the most widely used types of semiconductor
products. Particularly high market share products, notably Microcomponents, APs, and memory
semiconductors, will have separate in-depth descriptions provided in the appendix. Finally, Part 3
will outline the general process by which these products are designed, focusing on a typical
perspective, up to the stage just before Foundry.

high speed serdes devices and applications: Designing Switch/Routers James Aweya,
2022-10-04 This book focuses on the design goals (i.e., key features), architectures, and practical
applications of switch/routers in IP networks. The discussion includes some practical design
examples to illustrate how switch/routers are designed and how the key features are implemented.
Designing Switch/Routers: Architectures and Applications explains the design and architectural
considerations as well as the typical processes and steps used to build practical switch/routers. The
author describes the components of a switch/router that are used to configure, manage, and monitor
it. This book discusses the advantages of using Ethernet in today’s networks and why Ethernet
continues to play a large role in Local Area Network (LAN), Metropolitan Area Network (MAN), and
Wide Area Network (WAN) design. The author also explains typical networking applications of
switch/routers, particularly in enterprise and internet service provider (ISP) networks. This book



provides a discussion of the design of switch/routers and is written to appeal to undergraduate and
graduate students, engineers, and researchers in the networking and telecom industry as well as
academics and other industry professionals. The material and discussion are structured to serve as
standalone teaching material for networking and telecom courses and/or supplementary material for
such courses.

high speed serdes devices and applications: High-Speed Digital System Design Anatoly
Belous, Vitali Saladukha, 2019-11-13 This book describes for readers the entire, interconnected
complex of theoretical and practical aspects of designing and organizing the production of various
electronic devices, the general and main distinguishing feature of which is the high speed of
processing and transmitting of digital signals. The authors discuss all the main stages of design -
from the upper system level of the hierarchy (telecommunications system, 5G mobile
communications) to the lower level of basic semiconductor elements, printed circuit boards. Since
the developers of these devices in practice deal with distorted digital signals that are transmitted
against a background of interference, the authors not only explain the physical nature of such
effects, but also offer specific solutions as to how to avoid such parasitic effects, even at the design
stage of high-speed devices.

high speed serdes devices and applications: Hybrid Bonding, Advanced Substrates,
Failure Mechanisms, and Thermal Management for Chiplets and Heterogeneous
Integration John Lau, Xuejun Fan, 2025-05-18 The book focuses on the design, materials, process,
fabrication, failure mechanism, reliability, modeling, and thermal management of chiplets and
heterogeneous integration. Both principles and engineering practice have been addressed, with
more weight placed on engineering practice. This is achieved by providing in-depth study on a
number of major topics such as hybrid bonding, advanced substrates, failure mechanisms, and
modeling due to thermal stresses, moisture absorption, impact loading such as drop as well as
electric current driven electromigration, and the fundamentals of thermal management. Each topic
is treated with in-depth analysis to bridge foundational principles with real-world engineering
challenges. This book is an essential resource for researchers, engineers, and students in electrical
engineering, mechanical engineering, materials science, and industrial engineering, equipping them
with the knowledge to advance innovation in semiconductor packaging and integration.
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