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In order to help ensure the ongoing competitiveness of the electronics industry, INEMI continues to focus on
improving the manufacturing capability of its member companies. Because the infrastructure required to
efficiently provision the customerabe is so broad and diverse, the founders of INEMI wisely established a
planning methodology to ensure that its members could focus on high impact areas that can truly make a
difference in the marketplace. At its fundamental level, that process incluthemliegy roadmapping and
technology deployment. While we continue to refine that process to improve the results, the underlying
principlesremain unchanged:

1. Create industry roadmaps by drawing upon the expertise of a broaegseotiss of individuals from
industry, academia, and government. The results of this work are open to the electronics industry
worldwide.

2. Identify the major areas on which iNEMI will focus based on need, participation, and ability to make
a business impact.

3. Conduct a gap analysis timeese major areas that identifies the challenges and opportunities facing the
industry.

4. Create fiveyear plans for the major areas that identify the projects and activities deemed necessary to
close the identified gaps. These plans become the basis forrtation of INEMI projects.

5. Develop a teryear vision of research needs to ensure a vibrant, innovative electronics industry by
prioritizing the research needs identified in the INEMI Roadmap. This vision is the core of this
document and these results areing distributed as resource materials for the industry, research
institutes, and funding agencies.

The 20® iNEMI Roadmap identified a number of key technology and business challenges facing the
electronics industry over the next decade. Forecasts mmdi e t h a't mo st of todayobs
electronic packaging technologies are not capable of meeting the needs of the industf§. ilfi ®@ke
challenges are not promptly addressed with innovative solutions, the continued viability of theniekectro
manufacturing industry will weaken over the next decade.

With the downsizing of industrial research it is critical to encourage academic and institutional R&D centers
to focus on technology needs identified in the INEMI Roadmaps. Recent concegi-tosi regions over

the loss of manufacturing capabilities has stimulated discussion that our industry must place greater emphasis
on innovation and the development of disruptive technologies. iINEMI is committed to improving the
roadmapping process to tatidentify disruptive technologies and research priorities.

On behalf of the iINEMI Board of Directors, | congratulate all who helped to create this Research Priorities
document. Your contributions will assure that we continue to focus on those areaartHaverage our
industrial base for the benefit of member companies as well as the entire electronics industry.

Sincerely yours,

F

Jim McElroy, Chief Executive Oicer
International Electronics Manufacturing Initiative (INEMI)
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Introduction

Background

The INEMI Research Priorities document presents the consensus on R&D needs identified il tNE00
Roadmap. The 2@Roadmaps were developed by nineteen Teclgydldorking Groups (TWGSnd the
RFID-ILT groupin response to inputs from representatives of OEMs in five product sectors or Product
Emulator Groups (PEGS). Thwentychapterscan be classified into four categories:

1 Business Technologies TWG
1 InformationManagement (IM)
1 Design Technologies TWGs
1 Modeling, Simulation, and Design
1 Thermal Management
1 Environmentally Conscious Electronics
9 Manufacturing Technologies TWGs
1 Board Assembly
1 Final Assembly
9 Test, Inspection, and Measurement
1 Component/Subsystem TechndlegyTWGs
1 Semiconductor Technology
Packaging
Interconnection SubstratéOrganic and Ceramic
Passive and RF Components
Optoelectronics
Large Area, Flexibl&lectronics
Mass Data Storage
Photovoltaics

Solid State lllumination

=A =4 =4 =4 4 4 -4 -4 -

Connectors
1 RFID-ILT (Item LevelTag)

The 20® INEMI Roadmap consists of ovedd0 pages, with contributions from more th&@ participants
representing over ecompanies, universitieend associations from 17 countries. Further details on the
roadmapping process and contents are aoedan Appendix A: 209 iINEMI Roadmap Overview.

The INEMI Research Priorities document is intended to serve as a resource for all who are tasked with
directing R&D funding and execution. Research needs are developed for five product sectors:

1 Consumer/Podble

9 Office/Large Business Systems
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i Automotive
 Netcom
1 Medical

We believe that these sectors are the major drivers of technology and the associated R&D needs. The
technology needs for each of these sectors are summarized in &hapter

The R&D needs iddified in the 20@ INEMI Technology Roadmap are organized isvencategories:
Manufacturing Processes

Systems Integration

Energy

Environment

Materials & Reliability

Design

= =4 =4 4 4 -4 -4

Information Management

The INEMI process is a bottorup Delphi process rgihg on numerous technology experts to give their

vision of the technology needs that must be developed to meet their view of the products of the future. The
roadmapping process does not explicitly identify disruptive technologies, but by identifying needs
particularly those for which there are no known solutions that meet the performance and cost requirements,
members of the INEMI roadmapping team implicitly identify areas for innovation and the utilization of
disruptive technologies. As an example, tingt NEMI Roadmap in 1994 determined that the introduction of
area array packaging created a need for a new substrate technology.

The restructuring of the electronics industry from vertically integrated firms to specialized firms has
stimulated discussioon how the industry can effectively develop and implement disruptive technologies to
ensure the continued growth of the global electronics industry. Our experience over éighpgsars with
converting the electronics manufacturing infrastructure tir&bsolders has demonstrated the challenge of
funding and implermanting disruptive technologies.

iINEMI is committed to improving the roadmapping process; to better identify disruptive technologies, find
matches to current needs, and to help anticipateapglications and products.

Overview

In 2007iNEMlheldan Al nnovat i on.oLeasleasdrem isdhstryy acddemiauamd government
addressed the market, socahd technical issues that innovation should focus on. Based on these
presentations aradditional input, INEMI has chosen to focus its agenda on the technology to support
miniaturization, medical electronics, and energy and the environment. The technology to meet these focus
areas includes system in package, energy storage and converssons sedvanced manufacturing processes,

and advanced materials. We believe that the technology to support these three thrust areas will address both
the converging and emerging markets.

Chapter lhighlights the technology needs for each of the prodeatbss addressed in the 2009 INEMI
Roadmap.

Chapter efines the three INEMI Research Thrust Arédmyiaturization Energy and the Environment, and
Medical Electronics and then outlines the current projects in these areas and their research needs.
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Chapte 3presentsthiNEMIRe s ear ch Commi t t e erésearch riariieg eachuafsevenf t h e
research areaAdditional research needs are listed, but in no specific order. The complete chapters in the
200 INEMI Roadmap are available through iNEMI Headquarters website (www.inemi.org).

Chapter 4 describes the research needs in four emerging areas of great interest to the Electronics Industry.
1 3-D Packaging
9 PrintableElectronics
1 Energy Efficient Technologies
1 Sensorsand MEMS

As we move beyonde digital convergence of electronic products, we anticipate the merger of micro and
nano chemical, mechanical, and biological sensors with micro and nano electronics for disruptive innovations
in many areas. In some cases the disruptive technologieslsodjnd application by being embedded in
conventional product embodiments. As an example,-panticle fillers may enhance select properties of

existing polymeric materials. These applications will likely result in new opportunities for extending the lif

of current materials and manufacturing infrastructure, enabling them to deliver enhanced device or component
functionality. Breakthroughs may take the form of disruptive technologies that supplant existing technologies.
Examples of these are quantum comiy systems, molecular electronics, and spintronics replacing CMOS
semiconductor technology. Others may be radically new applications, such as sensor and drug delivery
systems that detect emerging disease in the body or treat existing diseases. Snahhmatthcare systems

would give an added dimension to the INEMI consumer and portable product sectors.

Chapter Srovides concluding remarks on the direction of technology for electronic systdrisschapter
alsodiscusses the current weakneseagsearchunding strategie®r the next generation of technology.

2009 iINEMI Research Priorities 5



Chapter 1: Product Technology Needs by Product Sector

This chapter provides a synopsis of the technology needs by product sector as developed f@ilieVR00
Roadmap. Experts from maj@EMs described the market changes that they anticipated for their industry and
the technical needs that would be required to meet the market expectations.

Portable / Consumer Product Sector

Consumer electronics equipment can be grouped into two majgodateportables and neportables.
Examples of products in both of these segments are listed below.

91 Portables: mobile phones, digital cameras, camcorders, RjaAg controllers, personal media
players

1 Non-portables: televisions, VCRs, DVD players, stayeset top boxes

Of all segments of the electronics industry, the consumer electronics segment accounts for the greatest
percentage of production in Asi&sia accounts for about 54% of global production, followed by Europe with
19%, Japan with 14%, ankdg Americas with 13%About 28% of assembly value was outsourced to contract
manufacturers in 2007.

The portable and consumer electronics production reache®$3@007, following several years of
exceptional growthGrowth, however, is expected to sleignificantly through 2013 due to market saturation
in key product segments (e.g., mobile phones and digital cameras) and decreasing average selling prices.

This segment i s dri ven hS$oméohthefdstest growiagproduot casegome r  p r
contributing to the surge in production revenues in 2004 through 2007 include mobile phones, compressed
audio players (e.g., @®s), digital video recorders, and flat panel televisitd®D TVs are expected to

continue to be one of the biggest growtivers over the next five yeatls 2008, Bluray won the battle for

the nextgeneration DVD technology, and this technology will see growth going forward in regions where
HDTV has high penetratiotPTV is also starting to gain traction

Mobile phone slpments were surprisingly strong over the last several years and 2007 was a stellar year for
handsets as welGlobal mobile phone shipments increased by 14% in 2007 to 1,140MIanitgdue terms,
mobile phones account for about 12% of global electrayistem production and 51% of portable and
consumer electronics equipment productidrslowdown in this market as it approaches saturation will have

a significant impacbn the growth of this segment.

Overall, the consumer electronics segment is expectietiease at an average rate of only about 3.5% per
year to reach $368B in 2013lowing mobile phone revenue growth, in particular, is expected to account for
much of this slowdowrMobile phone production revenues reached $148B in 2007, and are expaypted

to $175B in 2018 representing a CAAGR of about 3%

Office / Large Business Systems Product Sector

Worldwide production of computers and office equipment reachedB5i#dB007, and is expected to grow at

an average rate of 4.9% per year to red&s988 in 2013 This is the largest segment of the $1.3Trn

electronics industry, accounting for about 35% of overall production, and is driven by business and individual
consumer spending.

Computers represent the largest percentage of this sEeseomarkefor these systems was exceptionally
strong in 2006 and 2007, although growth is expected to moderate in 2008 an®\28@d, 26 1M

computers, including desktop PCs, notebooks, and servers, were shipped in 2007 compared to 229M and
207M in 2006 and 200%espectivelyThis represents a unit growth rate of about 11% in 2006 and 14% in

2009 iINEMI Research Priorities 6



2007 Notebooks are the fastest growing computer segment and now account for about 41% of total unit
shipments.

In addition to computers, this category also includes competgrherals, storage systems, and office
equipmentThe highest growth market in thesmeeas is network storage (eAN and NAS), which is driven
by enterprise spendinghe leading manufacturers of these systems include HP, IBM, EMC, Dell, Hitachi,
andSun.

Example products in each category are listed befoeommon challenge across all segments is the
impending transition to more environmentally friendly solutibmsaterials with lead and halogen levels
below 1000 ppm, lower power consumption levalgja reduceaarbon footprint during manufacturing
Also, ongoingproduct costeductionscontinue to drive the need for technology advances in all areas of
manufacturing (lower material costs, fewer process steps, tystertimes.

1 Computers: desktopCs, notebook PCs, workstations, servers. Continued increases in functionality

and integration of functions into common silicon is driving reductions in BGA pitch and ball size
The resulting smaller joints demand evolving system implementations to imaiol@er joint

reliability (e.g. coseffective board level underfill solutions, material advances to push out pad crater

and CAF failures, etcé) and keep test coverage

1 Computer Peripherals: printers, scanners, keyboards, mof@samerasMechanical and
electrical reliability remain concerns in this segmémeddition, printer quality advances continue to
drive the need to improve ink injection accuracy

9 Storage Systems: solid state drives, hard disk drives, SAN/NAS, atiskalrives A key challenge

in this segment involves optimizing the HAcar

For example, racks configured for hard disk

because largeghannecessary power supplies and cooling solutions (fans) burn more power than the

solid state drives themselves.

9 Office Equipment: photocopiers, fax machines, digital projecforequirement to implement power
management technology for power efficienceiiserging for office equipmentvh i | e t hi s

it has become a stronger driver due to increasing functionality built into various pieces of equipment

as well aggovernment energy efficiency prograrirsaddition, the need to improve imaging quality
at low power is driving interest in LED technology and packaging technology that can handle high
temperatures at the die interface.

Asia accounts for the majority of computer and office equipment regional produd&ith. This region is
followed by the Amdcas, Europe, and Japan with 23%, 13%, and 7% share, respe&paigximately

ri
dr

sn

36% of final system assembly production value is outsourced to contract manufacturers, including EMS and

ODM companies.

Netcom Systems Product Sector

Netcom systems equipmesize varies from small (e.g. a wireless home network box) to multiple racks of

interconnected systexfe.g. a core network switch); environments range from central offices (with regulated

air conditioning and filteredyninterruptiblepower) to outside gint installations (with temperatures which
can range betweed0OC and +85C, precipitatipand solar exposuresgndservice life stretches from a
couple of years to 20+ years with 99.999% upti@lebal production of communications equipment was

expectedo reach $186B, moderately higher than the $176B produced in 2007, representing about 14% of the
electronics industryThis segment is expected to increase at an average rate of 5.7% per year to reach $246B

in 2013 Although this segment includes traditavoice and data communications systems, most growth
over the next five years will be attributed to degkated equipment.

2009 iINEMI Research Priorities 7



On the most basic level, communications equipment can be categorized into three groups based on the
equipment environment: smallfitie/homeoffice (SOHO) equipment, enterprise equipment, and service
provider equipmeniThe service provider equipment segment includes wireline and wireless infrastructure
systemsOver the forecast period, growth is expectedlinhree groups, howeveamost of the growth in the
service provider equipment category will be inwieeline infrastructure equipment segmernhis growth

will be driven by increased consumer demand for broadband semdiglsgrowth system categories include
wireless LAN, grvice provider routers and mufiervice switches, metro optical networks, Voice over IP
(VoIP), and IPTV equipmenWireless infrastructure equipment production is expected to increase
moderately through 2013, driven by growth in wireless voice andddtfia in developed markets and new
build-outs in emerging markets. Also, there is a continued excitement about WiMAX broadband wireless
service appears to have strong potential pending the resolution of commercial and other.conflicts

Examples of produstin the communications market segments are listed below:

1 Small Office/lHome Equipment: lownd switches and routers, modeivislP modems, wireless
routers

Enterprise Equipment: michnge switches and routers, PBXs, VoIP phones

Service Provider Equipmeniireless base stations, central office switches, cable modem termination
systems, VolP and IPTV equipment, core routers, WiMAX

Although lowerend SOHO systems are more likely to be produced in loosrregions, large service
provider rack equipment, wtt represents the majority of system value, is still commonly produced in the
region where it is used’ he majority of communications equipment production is still in North America
where equipment deployment is the strongdetvever an increasing percegéaof communications
equipment is being produced in Asia (e.g. China) as developing countries in Asia spend more on
communications equipment and as local equipment suppliers continue to gain market share (e.g. Huawei)
The Americas accounted for 44% ofuggment production in 2007, followed by Europe with 28%, Asia with
23%, and Japan with 5% shale 2007, approximately 33% of final communications system assembly was
outsourced to contract assembléiise fact that the growth of equipment expendituitgeisw 6%, while
network traffic growth is above 50% presents a major challenge for equipment manufatheengtcome
across the board will be a strong demand for much higher bandwidth equipment at comparable cost.

Medical Product Sector

Medical electraics equipment production reached B66 2007, accounting for about 5% of the global
electronics industryThis market is expected to continue to increase at an average rate of 5.1% per year to
reach $88 in 2013 A constantly growing market of aging péepvith more sophisticated lifestyles and high
expectations for a continued full life is providing an opportunity for the development of specialized medical
systemsBoth advanced and simple electronics for assisted living (e.g., hearing, vision), mgnitenote

care, advanced diagnosties\dchemical monitoring and dispensing systems are being developed.

There are many different types of medical electronics systems, but the major products can be classified into
three categories: large infrastructuggigpment, small stationary and portable equipment, and implantables.

1 Large Infrastructure Medical Equipment includes products such as medical imaging systems (e.g., X
ray and MRI), IT equipment (e.g., picture archival communication systems PACS), anehhicadh
analysis equipment (e.g., lab instruments and DNA analyZére)significant trends in this segment
are toward digital versus analog image capture, greater data processing capabilities, and increased
processing speeds.

1 Small Stationary and Portaliéedical Equipment includes products such as patient monitoring
systems that are used to measure and nfbeni t or
segment also includes home diagnostics products such as blood pressure and blood glusose mete

2009 iINEMI Research Priorities 8
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Within the hospital environment, major trends include portability, miniaturization, and greater use of
wireless and wired communications networks to transfer data and reprogram systems

1 Implantable Medical Equipment includes major therapy devicds asipacemakers and implantable
cardioverter defibrillators (ICDs), and the market is rapidly expanding beyond these siisginss
such as neurostimulators (e.g., for Parkinsoné
also being brought market Increased reliability, greater functionality, and miniaturization are the
main technical drivers in this segment.

The medical electronics industry is one of the few major electronics system market segments where
production is still concentratéd North AmericaPrismark estimates that 54% of medical electronics
equipment was assembled in the Americas in 20hig region is followed by Europe, Asia, and Japan,
which accounted for 25%, 13%, and 8% of production, respectively.

In terms of productalue, nost medical electronics systems are produced in North America. tdadexver,

Asian countries, such as China and India, are the fastest growing markets for medical equipment, and leading
medical electronics companies, such as Siemens, GE, aiubPdiie increasing product design and assembly
capabilities in these countries.

Medical electronics systems are primarily assembldwirse by the system OEM due to reliability
requirements, government manufacturing regulations, and proprietary natoostafesignsOnly about
11% of total medical electronics equipment assembly value was outsourced to contract assemblers in 2007.

The medicaklectronics industry will havepecific needs fathe emerging technologies discusse@ptions
for Innovatiors,0 with 3-D packaging, printed electronics, sensors, and energy manadssirenespecially
applicable.

Automotive Product Sector

The automotive electronics industry accounted for about 6% of global electronics production and reached
$79B in 2007 This sector is expected to experience modest growth through 2013, due to an increase in
average electronic module penetration per car in aglowing vehicle sales environment

Global passenger car and light commercial vehicle unit shipments were expeantedase from about 69M
vehicles in 2007 to 86M vehicles in 2013, representing-gesix CAAGR of 3.7%but growth has been
delayed by the dramatic dip in sales in 2009 due to the global recéd#iotJS production running at a rate

of less than 10 nlibn vehicles per year in 2009 and equivalent production cuts in Europe and parts of Asia
any forecast numbers are speculative at this time.

From2007 to 2009, the weakest region for automotive vehicle production was the Americas, driven by
continued ovecapacity On the other hand, vehicle production in China and India is robust.

The major trends driving the demand for increased electronics penetration in automobiles include:
Stricter fuel economy and emissions manslate

Legislated requirements for advaacsafety systems, such as advanced airbags anobod tire
pressure monitoring

1 Consumer demand for greater vehicle efficiencies driven by fluctuating and escalating global crude
oil prices

1 Consumer demand for greater safety, comfort, and convenienoeefea

2009 iINEMI Research Priorities 9



The four major challenges for automotive hagslvironment electroniamanufacturerare:

T
T

Reliability i extended warranties can now last to 10 years / 100,000. miles

Hybrid electric vehicles (HEVS) require high voltage and current components arettasras well
as the integration of new systems such as regenerative braking@€C[@Gnverters as well as
energy storage in battery packssaper capacitors

The convergencef consumer and automotive electronics. Consumers demand the same level of
sophistication in automotive electronics as in consumer electronics while maintaining performance
under harsh conditions.

Increasing environmental constraiintslimination ofhazat o us mat er i algsr epel nuds atnhc
recycledandrecyclable materials

Electronic modules addressing these issues as well as other automotive electronics systems can be segmentec
into six major categories:

T

Powertrain Electronics, such as engine controllers, transmission controllers, voltage regulators, and
any other systemsat control the engine or driveline of the vehicle

Entertainment Electronics, ranging from standard AM/FM radios 4ocamd video entertainment
systems, satellite radio receiveasd wireless networking

Safety and Convenience Systems, such as airbagrseolmate controls, security and access
controls,andantilock braking systems

Vehicle and Body Controls that manage specific vehicle functions, such as suspension, arattion,
power steering

In-Cabin Information Systems, such as instrument clugtgzg;omputersandtelematic products
including theassociated displayer these functions

Non-Embedded Sensors, such as speed sensors, temperature sensors, fluid level sensors, and many
others

Technical challenges include:

1

= =4 =4 =

1

Reducing costywhich isstill the #1 imperative in materials and proces&ast reductions did not
follow the 2007 roadmap projections due to commaodity price increases for copper, resins and glass.

Automotive manufacturers want systems solutions, not components, forcing indwustiyratr
changes

The integration of consumer demands and engineering needs complicates design.
Thermal management with HEV and conventional automobiles continues to be an issue.
HEV high voltage management (32V to 1000V) requires new architectures aretimoan

Replacing single wire sensor architecture with a networked approach becomes more important as
complexity increases.

Correlating field performance and reliability testing is still an issue.

Europe accounts for the majority of automotive electrasyssem productiah approximately 33%T his

region is followed by Asia with 30% production share, the Americas with 20% share, and Japan with 17%
share. Automotive electronics systems are still primarily designed and assembled by ther@®EAbout

7% of awomotive electronics assembly value was outsourced to contract assemblers in 2007.
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Chapter 2: INEMI Thrust Areas & Project Research Needs

In 20067 INEMI held two forums on innovation to determine the ateawhichresearch effortshould be

focusedo insure sustained growth for the electronics industr008 a third forum was held in Shanghai in
celebration of the opening of our Asian offidéese meetings concurred in the decision to focus on
Miniaturizatiort Energy and the Environmemind MedicaElectronics Chapter Zocuses on these thrust

areasThe first part of the chapter discusses these thrust areas and their research needs. The second part of the
chapter |lists i NEMIOG6s current devel opnertetothpnexdj ect
generation of technology in these areas.

Miniaturization

Miniaturization and integration for mobile computing, communication, and sensing will drive an increasing
diversity in materials, designs, assembly process technologies, tastirgandardsMiniaturization will

drive not only semiconductor technology bigatesearch as far ranging &shnologies for 3D integration
such as TSVs and SiP componenisy board materials and designs to support decreased pitch, higher
frequenciesand higher I/O countsiew materials andesigns for printed electronicand nanomaterials and
structures to support a pgStMOS fA Mor e t han Mooredo worl d.

Semiconductors

The predicted end of traditional CMG@8miconductor scaling has generagephificantreverberations in

approaches and structures of computing systems. The first consequence is the gradual but certain reduction of
emphasis on the microprocessor frequency metric, and the corresponding increase in importance of the
syst embs t hrTohueg hepmupth anseitsr ihca.s changed from Abow fas

Traditionally, the ITRSRoadmarphas focused on the continued scaling of CMOS (Complementary-Metal
Oxide-Silicon) technology. However, since 2001, we have reached the point Wadrerizon of the

Roadmap challenges the most optimistic projections for continued scaling of CMOS (for example, MOSFET
channel lengths below 9 nm¥/hile CMOS is (and will remain) the industry workhorse up to and beyond the
year 2020, it is difficult fomost people in the semiconductor industry to imagine how we could continue to
afford the historic trends of increasing process equipment andyfactsts for another 15 yeatgl addition,
scaling planar CMOS will continue to face significant challengie.conventional path of scaling, which

was accomplished by reducing the gate dielectric thickness, reducing the gate length, and increasing the
channel doping, might no longer meet the application requirements set by performance and power
consumption. Inbduction of new material systems as well as new device architecture, in addition to
continuous process control improvement are needed to break the scaling.Mdtrégrer extensions of

CMOS or radical new approaches, pG81OS technologies must furtherduce the cogterfunction and
increase the performance of integrated circuits.

In the spirit of the new fAiBeyond CMOSO terminolog
reference to Beyond CMOS terminology is to encourage researchs effoch is focus on determining the
characteristics and timing of the next FGMOS (but possibly integrateable with CMOStea chip and/or

package levelgomputational switch and storage elements.

Packaging

In the 2008 ITRS Roadmaps and the 2009 INEMI Roaditiegpge isa new f ocus i s on fA Mol
With the ever increasing functionality at the chip or Multichip package level, miniaturized systems put
increasing focus on developing a new generation of packaging technology to address the system needs
Traditional interconnections of surface mounted discrete components are being changed to ultra fine pitch
interconnections connecting embedded ultra thin film components on ultra thin silicon and organic type
substrates. The package integration will stagviolve into system integration, leveraging the system on chip,
wafer level packaging, and embedded passives and actives on organic substrate technologies. Convergent
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micro and nano systems will not only have digital and portable wireless electronitsoduibaelectronics
functions. These electronic and bio electronic devices, advanced interconnects, batteries, thermal solutions,
and other user interfaces such as connectors and cables can leadfienctigihal systems in the short term

and more integted gigafunction systems in the long run. This System on/in Package concept integrates
disparate technologies to achieve multiple system functions in a single package, while providing an ultra
small form factorChip package cadesign and considerableteégration of digital, RF, optical, sensing, and
biological functions in 2D and 3D architectures will be realized. These technologies will need advanced
materials with enhanced electrical, thermal, and thermo mechanical properties and advanced mapufacturin
processes.

Materials

Materials continue to pace the introduction of packaging technologies to meet the major manufacturing
requirements of low cost through increased modularity, integration for smaller size, and higher bandwidth for
more functionality. h addition to these produspecific attributes, there are general requirements for
environmentally friendly materials systems (e.g.;lsed polymers) that use low energy processes. While
traditional technologies have focused on materials systemsefuraric performance, future materials
requirements will need to embrace optical, mechanical, and chemical performance fooplicatoelectro
mechanical (MEMS), and chemical and bio sensor systems, respediisdefnced fillers for nano

composites iad nano engineered materials with property improvements that are not possible with micron
fillers, such as low CTE with high toughness, high electrical conductivity with low thermal conductivity (high
ZT), and high compliance with high current carryingataifity offer the promise to meet some of these
enhanced performance requiremeftach of the discussion in Chapter 4 addess#isrust areas directly
associated with miniaturization beyond the itiluding 3Dintegration energy efficiency technologigs

printed electronicsandsensorand MEMS.

Energy and the Environment

The electronics industry will continue to face increasing legislative and consumer pressuwidetia

reduce energy and matei dhssusébfcodEMbemeimbetr @ 6¢C
driving design, materials substitutimn d mi ni at uri zation of circuits (a
important focus of INEMI projects for the foreseeable futliceremain competitive, the electronics industry

must continue to keep pace with emerging material restrictionsofelifd requirements, customer

preferencesand legal requirements for the development of energy efficient prodiuetddition sustainable

business practiseandthe use of innovative hdistic desigrs that include sustainabilityill be crucial to the

continued viability of the industnysince the 2007 ECE Roadmap, leading electronics firms have recognized
that the industry must think and act strategically and involve stakeholders ifigcN@Os (Nor
Government al Organi zations)) in discussions on fu
performance

Sustainability

i NEMI 6s environment al roadmapping group has chose
(or fiempowering people to |live a sustainable | ifes
responsibility to minimize the electronics indust

servicesOn the other, the compelling news istttiee electronics industry has an opportunity to make society
function more efficiently, easily, and with a lower material and energy cost and thedeiogoverall impact

on the environment. For example, improving options for teleconferencing contifagditate business
communication and reduce the need for tralzakrgy efficient photovoltaics and solid state lighting offer
enormous opportunity for energy savin@e harvest this potential, the iINEMI roadmapping team has
identified a number of elenicsenabled solutions that offer the collective potential of reducing greenhouse
gas emission by a billion tonlsnovative solutions across the product spectrum are a primary research need.

2009 iNEMI Research Priorities 12



Energy

In 2006, US consumer electronics consumed approximb®@yWh of electricitywhich represent$2% of

domestic energy consumption. Energy consumption of electronic products is coming under scrutiny by
compani es, N GCa@dbgsvernniehindth thedodus an items as small as cell plsara as large

asserver farmsThe move by consumers to enesgfficient handheld devices and netbooks (in 2009, the
largestgrowing consumer computing sector) rather than laptops or desktops is another market driver

smaller screens and optimized processing can meantmoran a whol e dayo6és comput.i
charge There is no doubt that increasing pressure will be placed on all electronic devices to have reduced
energy use with increasing functionality.

Research priories includepositioningthe supply chia for emerging product carbon footprint requirements,
leveragng existing activities where appropriate (EICC, GHG Protocol, CDP, mtm)itoring activities
focused on developing supply chain carbon accounting metand€nsung thatkey requirementsra
communicated throughut the supply chainAnother priority is to dvelop options for obtaining footprint data
from suppliers based on requirements that are ultimately develapeiditional focus will be tadentify

new business opportunities in theas of conservation and global warming emissions reduction that are
relevant to INEMI members and suppligEsxamples may include but are not limited to solid state lighting,
organic LED, photovoltaics, the use of electronic prodiacisiprovebuilding dficiency, andlogistics
systemslt will be crucial to dentify means of integrating these opportunities with other INEMI Roadmaps
and toconsider other methods of driving awarenasthese issues within the research commueity.
sponsor a relevantisgnar orsession).

Design

Recent interest in product life cycle assessments has led to a need for development of a simplified tool to
more easily derive key eamvironmental information for ICT equipment/ass&éhe iINEMI Ecealmpact

Evaluator for ICT Equment Project will develop a simplified tool that can also provide a degree of accuracy
that is suited to the i.Tdewpmwjectwlprevidaaseldaisn infthe formofuac h i
estimator tool that will categorize targeted prodiastsets and a unified fornfar requesting LCA

information from suppliers. This project is viewed as a starting point for additional R&D in this area.

Materials

The performance and environmental requirements for materials substituted for those bdrold& toy

other legislation continue to create challenges for the electronics indiginyrespect to the full transition to
Pb-free, the research challenges are significant and will require confimtedment to reduce the risks,
particularly as exempins are eliminatedin order to make meaningful choices for future materials and
products, sound scientific methodologies must be developed and implemented to assess true environmental
impacts of materials and potential traafés of alternativesWithout having such knowledge in hand,

legislation may be enacted and materials chosen that have the opposite environmental and enefgynimpact
that which wasgntended It will not be enough to have such knowledigelustry must be more involved in

policy making on material restrictions so that policy makers understeidadeoffs inherent in material
substitution.

Recycling

There is a generally recognized need for more effective communication and cooperatiotheitfuastry

on a global basis regardingaycling challengeBased on the current state of the art, research and
development are needed to create a sustainable recycling infrastructure with appropriate recycler ESD
standards and a viable recycled materials market for use in new electronidpeodliother applications.

The use of materials that hinder recycling or create hazards related to the recycling processes must be
cooperatively managetith respect to polymers specifically, the INEMI Sustainability Summit established
the need for reseeh to create markets fpostconsumep | ast i cs as feedstock for
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polycarbonate, ABS) and for new electronic applicationpéat consumeblended plastics (e.g., housings
for power supplies)

Medical Electronics

Advances in knovddge of human physical, electrochemieald biological patternsn increasing worldwide
presence of medical diagnostics and therapewia$ a shift in doctor/hospital centric to patient/home centric
care is driving performance, functionality, reliatyiliand cost of medical electronics

The current research approach to meeting these needs has relied on diagnostics, drug therapgrdelivery
electrophysiology technologies, often developed in isolation with large investments in effqrargme

money With increasing global prevalence of advanced medical therapies and diagnostics, the efficacy and
efficiency expectations are being addressed by a convergence of pharmaaedtibaimical, mechanical
andphysical, biological, electronicand informatiortechnologies

Although ongoing developments in consumer, communications, aerpapdagefense industries are
leveraged, the medical electronics field has some key research focus areas which need further emphasis.

Materials/Components

1 Nanomaterials haveumerous potential applications in the medical electronics fi¢lely can be
used in clinical biomarkers, in sensaad for advanced energy storage systelNenomaterials
based composites are candidates for electrically activated muscles and exosHketetfaces
between these materials systems and microelectronics require concurrent basic research

9 Biosensors and biochips detect chemicals such as drugs, bacteria and other cells, and biochemical
molecules using electrical or optical transduckticromechanical devices, surface coatjrgsl
microelectronics supporting miniaturization and selectivity of such sensor systems rely on
electrochemical, impedance spectroscopy, conductivity measueanethfield effect transistor
technologiesall of which need further refinemerh combination with lakln-chips for material
transport, mixingand analysis, such advances are expected to greatly reduce sample quantities and
improve the efficacy of cellular diagnostics.

Interconnects

9 Electronics interconras havetraditionally been major contributeto the performance, sizand
reliability of medical electronics modules. RoHS and MRI compatibility is required for any future
interconnectsFlexible organic substrates are increasingly being used as imteiats in medical
systems

1 Large scale medical diagnostic systems are driving the need for manufacturing and materials research
for fine line, low cost scalable technologdpine line organic substrates are also finding new
applications as microfluidic chaels used in lalbn-chip applicationsResearch efforts are needed to
characterize the electrical and flow behavior tradeoffs for suchdgludtrate systems

1 With increasing sensor and electrophysiological device integration, tissue compatible eerauutti
isolative materials are needeBew alternatives are currently comprehensively characterized for
biocompatibility.

1 Connectors that meet the high density, low volume requirements for state of the art MRI equipment
could benefit from a new adaptalsl@nufacturing technology platform

System integration

1 With increased functionality and performance expectations, higher computational speed with lower
power is desiredemands for increased energy consumption in implantable and wearable medical
devices a driving the need for energy scavenging and storage solutions
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1 Methodologies are required for mitigation of RF interference from mad¢binechine and/or
machineto-human.

1 Interoperability expectations require standard high reliability building blaakieéorporation into
medical devices

Information Technology (IT) Integration

1 A major recent development is the increasing prevalence of telemedicine and remote monitoring
With the upcomingequirement fointeroperabilityboth between devices and withsarver, huge
amounts of data (>5TB/yr average) will be collected, transmited stored for each patie®uch
data needs to be quickly accessible on demand while protecting patient privacy and addressing data
security concernd secure IT concept andfrastructure for data encryption, data compression,
patient privacy protectigrand disposal of the data is needed.

iINEMI Projects and Associated Research Needs

iINEMI currently has over 20 initiatives or projects developing technology to meet theaiekdsndustry
Highlights of these projects are downloadable fromiieMI| web pagesThe following table lists the
research activities needed to support the next genei@tiactivities for the current projects. INEMI
continues to focus on three major research areas:

I Miniaturization
1 Energy & the environment
1 Medical Electronics
In Table 1 miniaturization projects are grouped under three headings:
1 Board Assembly
T Test
1 Optodectronics
Environmental and Medical Electronics projects are grouped under their individual headings.
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Table 1 - INEMI Projects and Associated Research Needs

Current Development
Projects

Project
Chair/Co-Chair

Research Needs

Board Assembly Projects

Pb-Free Early Failure

AlcatelLucent

Improved methodologies for predicting and verify
electronics hardware reliability

Pb-Free Wave Soldering

Vitronics Soltec

Improve equipment, processes, and materials to
increase yield and reliability

Pb-Free Rework Celestica

Optimization

Solder Paste Deposition Huawei

Characterization of PBree |HewlettPackard | Better understanding of solder alloy characteristi

Alloy Alternatives that application performance can be predicted m
accurately

Board Coplanaty in SMT Intel Systems approach for developing assembly
tolerances for standards

Test Projects
Board Flexure Hewlett Research to develop tests for new failure modes

Standardization

Packard/Intel

Boundary Scan Adoption

Dell, Inc/Cisco

Functional Test Coverage
Assessment

Intel

Research to devgb new test technologies (includ
self test capabilities) so that industry can improvg
results and reduce ongoing investment

Optoelectronics Projects

Fiber Connector Enfface
Inspection Phase 2

Cisco/Celestia

Active Cables dr rackto-rack applications

Evaluate cost impact and technology challenges
Optical component integration (hybrid / monolithi
Optical waveguide, backplanes, cliipchip, >5 Yrs

Environmental Projects

Pb-Free Component & Boar

Intel/Alcatd-

Development of next generation surface finishes

FinishReliability Lucent components and boards to improve manufactural
and reliability
Analytical Tin Whisker Test| Delphi Research to identify an accelerated method to

determine the risk ajrowing tin whiskers
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Pb-Free Nano Solder TBD Research is needed to develop alternative low
temperature materials and processes for mass
NanoAttach TBD electrical and physical interconnection of
components
Ecolmpact Evaluator for | CiscdAlcatel Develop an easy to use tool and data base for
ICT Equipment Lucent conducting cradle to grave life cycle assessment
_ alternative technologies or products
PVC Alternatives Dell
HFR-Free High Reliability |Intel Develop improved materials for PCBs withhence
PCB environmental, fabrication, mechanical, and
) electrical characteristics at a competitive cobese
HFR-Free PCB Materials | Intel materials also need to meet all other regulatory
HFR-Free Signal Integrity | Intel/Cisco requirements (&.g. flame retardajcy

Medical Electronics Projects

Medical Components
Reliability Specifications

Boston Scientific

Continued research on increasing the reliability g
medical components for lfdependnt applications

Medical Reliability for
MLCC

Micro Systems
Engireering

The preliminary results from NIST for this project
suggest the need for similar studies on other me
components
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Chapter 3: Research Priorities Summarized by Research Area

Over90topics were recommended as research needs B0O®INEMIRoadmap The following lists are the
Research Committées ¢ o0 n s e tosressarcipribritiets i each research area in order of importance,
while the remaining priorities are listed in no specific ordéis year we have split the Energy and
Environmenal fields and added Information Technology as a new &elésearch

Manufacturing Processes

Todaydés R&D for electronics manufacturing mus
industry:

T Miniaturization

1 Material evolution for improved etgrical, mechanical, thermal, reliability and environmental
performance

The constant drive for cost reduction and faster introduction of new products

The balance between the increasing business complexity of the industry and the increasing need for
supplychain integration

Top Research Priorities

1 Develop a new model for R&D funding and execution in the global outsowniwigpnment,
including how to identify and conduct research to address shared needs of the industry.

91 Develop the infrastructure to produosver cost, high density interconnect substrates for portable
electronic products.

1 Improve inspectiomnd test technologies to keep up with density of board designs and component
packages.

1 Apply innovation to all steps of the process taee dimensiongackaging and board assembl
1 Develop DFM rules based on modeling and experiment for acceptance across supply chains

Additional Research Needs

1 Manufacturability using high frequency materials

In-line test capability for embedded components during satiestnanufacturing and PCB assembly
Faster/widely accepted data stream needed for EMS and NPl DPMO

Test and Measurement (T&M) as we hekddmbs inentede wo r k

Wafer level test (input/output couplers) processes for paddtist coverage in optoelectronics

= =4 =4 4 =4

Standards for manufacturing information to allefficient exchange of informaticacross all parts of
the supply chain

System Integration - Technology Integration

As we continue to combine disparate technologiesgraduct architectures, a number of integration
challenges face the industry. What once was a +halrd system is now a chiphese rapideductions in
size and increases in speed require new approtxhesormance
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At the same time, the business rabldas changed and the ability to do systems engineering as once was done
in a single organization such as IBM or AT&T is no longer possiiiies change in structure has led to a

number of areas where we cannot achieve the necessary level of optinbeatose of the new industry
structure These suboptimal solutions can limit our ability to improve performance, cost, size, and reliability

What may be needed is for research institutes to conduct studies to optimize the next generation of electronics
technology, prior to its implementation into indust@&roups such as IMEC, Fraunhofer IZM, Binghamton

CAMM, and Georgia Tech PRC may be an example of this evolitidhe following listof Research

Priorities we have listed areas where a systems appnuaghear most fruit.

Top Research Priorities

Develop 3D interconnect structures with associated thermal management
Optical component integration (monolithicadd more functionality inside optical sgigstem

Optimize desigrnradeoffs inserver/netcom jmted circuit assembly design to improve performance
and manufacturability, while reducing co8h example would be to focus on reducing the thickness
of the PCB to improve cost and manufacturability.

1 Require the capability to do system level comparigpagormance, power, and cost) between
optical and RF technology from the device level to the system level.

1 Understand the true value/performance relationship of ceramic versus organic substrates.

Energy

The 2009 INEMI Roadmap has identified a numbemreéa where the energy efficiency of
components and systems could be improved based on res@aechewportion of theroadmagfor
solid state lighting focuses on needs and opportunities in this Alteanative sources of energy
havealsobeen identifiel as an area of importanc&nother new roadmagegmenbn photovoltaics
focuseson this one technology

Top Research Priorities

1 Devise means to reduce the cost per vimtiugh increasing efficiency

1 DevelopLED materials to produce high efficiency ligltusces for betieand more efficient systems
1 Improve scientific evaluation of energy alternatives

9 Identify new innovative energy sources

The Environment

The focus of identified research needs for the past decade has been on materials and the demetbpment
implementation of environmentally friendly alternativ€kere is also increasing activity in improving the
efficiency of electronics systems as noted above. These activities will continue, but theénelieasing
interestin developing evaluatiorobls and the data required memparisos such as LCAand in recycling
materials at end of life

Top Research Priorities

1 Developsound universally acceptestcientific methods to evaluate environmental impact of
materials
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1 Develop a sustainable infrastture and viable recycled materials marketf@aterialsusal in new
products and other applications

Additional Research Needs

1 Promote mdustryinvolvementin policy making on material and energy restrictions to assure better
understanding of tradeffs inherent in substitutions

Develop afety standards and testing for printed inks related to food contact, toys etc.

Devise sandards on disposal/recycling of single use items for printable electronics

Materials & Reliability

Again materialsesearchrequiements dominate the R&D needs of the electronics industoyd a y 0 S
R&D for materials and reliability must lailored tothe following driving forces in the industry:

I Miniaturization

1 Mandated material substitution as local and regional legisleggirics the use ofnaterialghat are
presently standard components within the industry

1 Materials evolution for improved electrical, mechanical, thermal, relialdlitg environmental
performance

The onstant drive for cost reduction and faster introductiomesf products

The kalance between the increasing product and business complexity of the industry and the
increasing need for supply chain integration

Top Research Priorities

1 Develop a substitute for SAC and currently usedrBé alloys for better area ayrahock and
vibration performance, lower cost, lower assembly temperatures, and reduced cegipetiain
issues during rework.

Develop less expensive package substrates to reverse the trend of increasing substrate costs.

Establish new materials and sttures such as GaN, InGaAs, MEMS, FBAR, carbon nanotubes and
molecular electronics for RF frequees approaching 100 GHz by 2017.

Develop non solder based interconnects to replace solder fagesaakd PWB level interconnects.

Develop medical electroniggckaging materials and processes that arednigpatible, RoOHS
compliant and compatible with MRI systems.

Additional Research Needs

1 Develop halogen free materiaeded for substrates and PCBs
Develop second level underfill solution that is reliableyakkable and cost effective
Develop sensor specific material standaedpeciallyfor thin films

Develop better utterfill materials for flip chip

=A =4 =4 =

Develop integrated circuits and power transistors capable of operating at Tj%C=ahab208C,
respectivey

1 Develop better substrate materials for high frequepgjieations
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91 Develop low cost, compact, and reliable dielectric liquids for cooling
1 Create efficient thermoelectric cooling technologies for high heat flux applications
91 Develop cost effective compasiceramic/organic materials
91 Identify improved die attach materials and conformal coatings
1 Develop improved mold compounds for Silew modulus material that reduce stress on low k
structures and reduce moisture adsorption fefr@apps and less pade deformation
1 Integrate innovative nanotechnologies into existing material systems to improve thermal performance
capabilities without impact on reliability
Create thinner, low cost dielectrics in ceramic capacitors
Create Innovative solutions for lagcapacity capacitors (film/Aluminum/Electrochemical) that can
be used with multiple Riyee mounting/rework profiles
Identify the mechanisms for materials degradation for printed electronics
Establisha morerealistic range of battery attributes (elgwer cost, higher quality, improved cycle
life, lower environmental impact, improved safeand higher specific energy) for electronic
applications
Develop high reliability Pdree die attach solder for Tj>280D
Develop PHree solders for flip chip ierconnects that support high current densities and prevent
electromigration
Develop hermetic adhesives and sealants to reduce cost of hermetic packaging for Optoelectronics
Develop waveguide materials and methods for infon PCB waveguides
9 Optical corner ttn
1 In-board modulation/filtering/detection/couplers, etc.
1 Emitter and detector materials
1 Integration of active and passive components
Design

As noted under systems integration and manufacturing technology, there is an increasing need for integrative
desig tools and processelhe prioritized areas for this research are listed below.

Top Research Priorities

)l
il

1

Low cost solutions for carrying >10Gb/s signal rates between components on a PCB

Circuit and bus protocol changes have historically delivered theneesaequired to increase 1/10
speedHowever, PCB material properties (loss, Dk) neeetscaleal to deliver >15Gb/s low cost
signaling on existing bus topologies

Assembly and reliability failure detection metrologies are predominately destructiveightshru

put, large form factor, nedestructive crack, void, and nevet joint detection capabilities are needed

to validate failure mode progression over time so that margin can be removed or added to products as
needed.
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