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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 customer base 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 includes technology roadmapping and technology deployment. 

While we continue to refine that process to improve the results, the underlying principals remain unchanged: 

1. Create industry roadmaps by drawing upon the expertise of a broad cross-section 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 on these major areas that identifies the challenges and opportunities facing the 

industry. 

4. Create five-year plans for the major areas that identify the projects and activities deemed necessary to 

close the identified gaps. These plans become the basis for the formation of iNEMI projects. 

5. Develop a ten-year 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 are being distributed as resource materials for the industry, research institutes, and 

funding agencies. 

The 2007 iNEMI Roadmap identified a number of key technology and business challenges facing the electronics 

industry over the next decade. Forecasts indicate that most of todayôs key semiconductor and electronic packaging 

technologies are not capable of meeting the needs of the industry in 2017. If these challenges are not promptly 

addressed with innovative solutions, the continued viability of the electronics 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 concern in high-cost 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. iNEMI is committed to improving the roadmapping process to 

better identify disruptive technologies and research priorities. 

On behalf of the iNEMI Board of Directors, I congratulate all who helped to create this Research Priorities 

document. Your contributions will assure that we continue to focus on those areas that can leverage our industrial 

base for the benefit of member companies as well as the entire electronics industry. 

 

 

Sincerely yours, 

                                 

Jim McElroy, Chief Executive Officer 

International Electronics Manufacturing Initiative (iNEMI) 
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Introduction 

Background 

The iNEMI Research Priorities document presents the consensus on R&D needs identified in the 2007 iNEMI Roadmap. 

The 2007 Roadmaps were developed by nineteen Technology Working Groups (TWGs) in response to inputs from 

representatives of OEMs in five product sectors or Product Emulator Groups (PEGs). The nineteen TWGs can be 

classified into four categories: 

 Business Technologies TWG 

 Product Lifecycle Information Management (PLIM) 

 Design Technologies TWGs 

 Modeling, Simulation, and Design 

 Thermal Management 

 Environmentally Conscious Electronics 

 Manufacturing Technologies TWGs 

 Board Assembly 

 Final Assembly 

 Test, Inspection, and Measurement 

 Component/Subsystem Technologies TWGs 

 Semiconductor Technology 

 Packaging 

 Interconnection Substrates ï Organic and Ceramic 

 Passive and RF Components 

 Optoelectronics 

 Organic and Printed Electronics 

 Mass Data Storage 

 Energy Storage Systems 

 Sensors 

 Connectors 

The 2007 iNEMI Roadmap consists of over 1300 pages, with contributions from more than 560 participants representing 

over 265 companies, universities, and associations from 17 countries. Further details on the roadmapping process and 

contents are contained in Appendix A: 2007 iNEMI 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: 

 Consumer/Portable  

 Office/Large Business Systems/Communications Systems  

 Automotive  

 Aerospace/Defense  

 Medical 
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 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 the next chapter.  

The R&D needs identified in the 2007 iNEMI Technology Roadmap are organized into five categories:  

 Manufacturing Processes  

 Energy & Environment  

 Systems Integration  

 Materials & Reliability 

 Design  

The iNEMI process is a bottoms-up Delphi process relying 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, the first 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 

discussion on how the industry can effectively develop and implement disruptive technologies to ensure the continued 

growth of the global electronics industry. Our experience over the past six years with converting the electronics 

manufacturing infrastructure to Pb-free solders has demonstrated the challenge of funding and implementing disruptive 

technologies.  

 iNEMI is committed to improving the roadmapping process; to better identify disruptive technologies, find matches to 

current needs, and to help anticipate new applications and products. 

Overview 

The first chapter highlights the technology needs for each of the product sectors addressed in the 2007 iNEMI Roadmap. 

iNEMI held an ñInnovation Leadership Forumò following the release of the previous iNEMI Roadmap. Leaders from 

industry, academia, and government addressed the market, social and technical issues that innovation should focus on. 

Based on these presentations and additional input, iNEMI has chosen to focus its agenda on the technology to support 

miniaturization, high reliability medical electronics, and energy and the environment. The technology to meet these focus 

areas includes system in package, energy storage and conversion, sensors, advanced manufacturing processes, and 

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

markets and emerging markets. 

The second chapter presents the Research Committeeôs consensus of the top three priorities in each research area. 

Additional research needs are listed, but in no specific order. Further detail on research priorities is provided in Appendix 

B, which indexes research priorities by the five research areas and the seventeen TWGs. The sections of the seventeen 

roadmap chapters that reference R & D needs are included in Appendix C in their entirety. The complete chapters in the 

2007 iNEMI Roadmap are available through the iNEMI Headquarters website (www.inemi.org). 

The third chapter highlights Significant Technology Issues from the 2007 Roadmap. This chapter addresses both 

strategic gaps and evolutionary gaps in the context of the three thrust areas and the five research areas of the iNEMI 

Roadmap: 

 Strategic Gaps 

 Active Device Technology 

 Thermal Management 

 Increased Communications Bandwidth  

 Next Generation Packaging Technology  

 Design and Simulation Tools 

 Sustainability Metrics 
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 Evolutionary Gaps 

 Manufacturing Challenges from Miniaturization  

 Materials Reliability 

 Medical Electronics and other emerging applications 

The fourth chapter examines how newly discovered phenomena may be exploited in future technologies and could lead 

to meeting the R&D needs defined in the iNEMI Research Priorities. In particular, this section describes possible future 

areas in nanotechnology resulting from the current federal R&D research funding investment.  

As we move beyond the 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 technologies may also find application by being embedded in conventional product 

embodiments. As an example, nano-particle fillers may enhance select properties of existing polymeric materials. These 

applications will likely result in new opportunities for extending the life 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 computing 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. 

Such personal healthcare systems would give an added dimension to the iNEMI consumer and portable product sectors.  

Summary 

The 2007 Roadmap has clearly identified strategic technology issues that must be addressed over the next decade. It is 

only through effective prioritization of limited R&D programs that the electronics industry will maintain the technology 

leadership that it has enjoyed for the past fifty years. This 2007 iNEMI Priorities document has been prepared to aid this 

prioritization, facilitating more focused investments and an improved rate of return. With a steady stream of research 

results to harvest, the electronics industry can continue to enjoy growth and prosperity driven by our societyôs adoption 

of break-through products that increase productivity and improve lifestyles. 
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Chapter 1:  Product Technology Needs by Product Sector 

This chapter provides a synopsis of the technology needs by product sector as developed for the 2007 iNEMI Roadmap. 

Experts from major OEMs 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 

Portable and consumer electronics production are expected to reach $267Bn in 2007, following several years of 

exceptional growth. However, growth in this segment is expected to slow through 2010 due to market saturation in key 

product segments (e.g., mobile phones and digital cameras), decreasing average selling prices, and also due to a 

reduction in consumer spending. Overall, the consumer electronics segment is expected to increase at an average rate of 

about 3.4% per year to reach $305Bn in 2010.  

This segment is driven by ñmust haveò or ñthe next big thingò consumer products. Some of the fastest growing product 

categories contributing to the surge in production revenues in 2004 through 2006 included mobile phones, compressed 

audio players (e.g., MP3 players), digital video recorders, flat panel televisions, and rear projection televisions. In late 

2007 and 2008 next-generation DVD technologies, digital TV tuners and convergence products such as the iphone are 

expected to begin to drive the next major replacement cycle in home video and hand held equipment.  

Mobile phone shipments have been surprisingly strong over the last several years. Global mobile phone shipments 

increased by 23% in 2005 to 810M units. In 2007, growth is expected to be just as strong, and unit shipments are 

expected to eclipse 1Bn. One billion is a big number, which equates to more than thirty phones per second being 

assembled worldwide, which represents about 11% of global electronics system production value. The cell phone market 

is diverging with one branch focusing on replacement handsets. These are higher functionality, small form factor, highly 

personalized devices. The other branch is focused on bringing long distance connectivity to emerging markets, many 

with areas that lack basic infrastructure elements such as electricity and telecommunication landlines. These handsets 

need to be ultra-low cost and robust.  

Consumer electronics equipment can be grouped into two major categories: portables and non-portables. Examples of 

products in both of these segments are listed below. 

 Portables: Mobile phones, digital cameras, camcorders, PDAs  

This segment is driven by technologies that can supply the latest functionality at the lowest cost and in the smallest 

sizes. 

 Non-portables: Televisions, VCRs, DVD players, stereos 

Cost is a primary driver for this segment but technical functionality, performance, and appearance are also important 

as drivers. 

Of all segments of the electronics industry, the consumer electronics segment accounts for the greatest percentage of 

production in Asia. Asia accounts for about 52% of global production, followed by Europe with 18%, and Japan and 

America with 15% share each. About 27% of assembly value is outsourced to contract manufacturers.  

 

Office / Large Business Systems Product Sector 

Worldwide production of computers and office equipment is expected to reach $431Bn in 2007, and grow at an average 

rate of 5.4% per year to reach $532Bn in 2010, driven by business and individual consumer spending. This segment is 

the largest of the $1.2Trn electronics industry, accounting for about 36% of overall equipment production. Computers 

represent the largest percentage of this sector by value. The market for these systems was exceptionally strong in 2004 

and 2005, although growth began to moderate in 2006. In unit terms, 228M computers, including desktop PCs, 

notebooks, and servers, shipped in 2006, compared to 207M units and 179M units in 2005 and 2004, respectively. 

Notebooks are the fastest growing computer segment and now account for about one-third of total unit shipments.     

In addition to computers, this category also includes computer peripherals, storage systems, and office equipment. The 

strongest growing market in these areas is network storage (e.g., SAN and NAS), which is driven by enterprise spending.  

Example products in each category are listed below. 
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 Computers: desktop PCs, notebook PCs, workstations, and servers 

This category is driven by technologies that can supply improved performance and energy efficiency at low cost. 

 Reduced power to allow a reduction in computing center cooling 

 Developing a plan to convert to consumer products costs with high end reliability 

 Computer Peripherals: printers, scanners, keyboards, monitors, PC cameras 

This category is very cost conscious while also being driven by technologies supplying advancing functionality. 

 Storage Systems: hard disk drives, SAN/NAS 

Drivers for this category include advanced functionality, miniaturization, reliability and cost reduction in order to 

compete with solid state memory advances. 

 Office Equipment: photocopiers, fax machines, digital projectors 

The office equipment category includes technology drivers such as miniaturization, convergence of functionality, 

reduced cost and reliability. 

Asia accounts for the majority of computer and office equipment regional production with 53%. This region is followed 

by the Americas, Europe, and Japan with 26%, 13%, and 8% shares, respectively. Approximately 31% percent of final 

system assembly production value is outsourced to contract manufacturers, including EMS and ODM companies. 

 

Netcom Systems Product Sector 

Global production of communications equipment is expected to reach $176Bn in 2007, representing about 15% of the 

electronics industry. This segment is expected to increase at an average rate of 7.9% per year to reach $239Bn in 2010. 

Although this segment includes traditional voice and data communications systems, most growth over the next few years 

will be attributed to data-related equipment. On the most basic level, communications systems can be categorized into 

three groups based on the equipment environment: small office/home office (SOHO) equipment, enterprise equipment, 

and service provider equipment. The markets for SOHO and enterprise products in 2005 saw high single-digit growth in 

value terms, and growth remained at about the same level through 2006. Quick-growing segments of these markets 

include SOHO routers, wireless LAN, and Voice over IP (VoIP) systems.  

The service provider equipment segment includes wireline and wireless infrastructure systems. The wireless 

infrastructure equipment market, in particular, saw exceptional growth in 2004 and 2005 driven by a move to 3G 

networks in Europe and Asia as well as new network deployments in emerging economic regions. Although growth has 

moderated in 2006, the forward-looking trend is still positive. 

In the wireline infrastructure equipment market, 2005 was considered a turnaround year for many companies who were 

still feeling the effects of the telecom market crash of 2000/2001. In 2005, telecom service provider wireline capital 

spending was up moderately compared to 2004 (which was flat compared to 2003) and service provider spending is 

expected to continue to grow in 2007. Strong growth is expected in broadband access, optical, and IP network 

equipment. Sales of legacy equipment, such as central office switches, will continue to decline. 

Examples of products in the communications market segments are listed below:  

 Small Office/Home Equipment: low-end switches and routers, modems 

 Enterprise Equipment:  mid-range switches and routers, PBXs, VoIP phones 

 Service Provider Equipment: wireless base stations, central office switches, cable modem termination systems, 

core routers  

This segment is also driven by technologies that can supply improved energy efficiency, increased performance, and 

traditional reliability, including: 

 Reduced power to allow a reduction in computing center cooling 

 Developing a plan to convert to consumer products costs with high end reliability 

 Technology drivers for higher bandwidth including lower cost optoelectronic advances 
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Although lower-end SOHO systems are more likely to be produced in lower-cost regions, large service provider rack 

equipment, which represents the majority of system value, is still primarily assembled in the region where it is used. The 

majority of communications equipment production by value is therefore still in North America today, where most of the 

equipment is deployed. As developing countries in Asia spend more on communications equipment, a greater percentage 

of products will be assembled there. The Americas are expected to account for 38% of equipment production in 2007, 

followed by Europe with 30%, Asia with 23%, and Japan with 9% share. In 2007, approximately 32% of final 

communications system assembly is expected to be outsourced to contract assemblers.  

 

Medical Product Sector 

Medical electronics equipment production is expected to be $53Bn in 2007, accounting for about 4% of the global 

electronics industry. This market is expected to continue to increase at an average rate of 5.6% per year to reach $66Bn 

in 2010. Growth is driven by the worldwide demographic shift to an older population, resulting in a continuing increase 

in medical care spending. There are many different types of medical electronics systems, but the major products can be 

classified into three categories: large infrastructure equipment, small stationary and portable equipment, and 

implantables. 

 Large Infrastructure Medical Equipment:  This includes products such as medical imaging systems (e.g., x-ray, 

PET and MRI), IT equipment (e.g., picture archival communication systems PACs), and biochemical analysis 

equipment (e.g., lab instruments and DNA analyzers). The major trends in this segment are toward digital versus 

analog image capture, greater data processing capabilities, and increased processing speeds. 

 Small Stationary and Portable Medical Equipment: This category includes products such as patient monitoring 

systems that are used to measure and monitor patientsô vital signs and other bodily functions. The segment also 

includes home diagnostics products such as blood pressure and blood glucose meters. Within the hospital 

environment, major trends include portability, miniaturization, and greater use of wireless and wired 

communications networks to transfer data and reprogram systems.   

 Implantable Medical Equipment: This includes major therapy devices such as pacemakers and implantable 

cardioverter defibrillators (ICDs), and the market is rapidly expanding beyond these systems. Devices such as neuro 

stimulators (e.g., for Parkinsonôs disease), cochlear implants and drug pumps (e.g., for insulin release) are also being 

brought to 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 

concentrated in North America. 58% of medical electronics equipment was assembled in the Americas in 2006. This 

region is followed by Europe, Japan, and Asia, which are estimated to account for 22%, 10%, and 10% of production, 

respectively. Most medical electronics systems by value are produced in the region where the products are consumed, 

and North America is the largest market for these systems today. However, Asian countries, such as China and India, are 

the fastest growing markets for medical equipment, and leading medical electronics companies, such as Siemens, GE, 

and Philips are increasing product design and assembly capabilities in these countries. 

Medical electronics systems are primarily assembled in-house by the system OEM due to reliability requirements, 

government manufacturing regulations, and the proprietary nature of most designs. Only about 8% of total medical 

electronics equipment assembly value was outsourced to contract assemblers in 2006. 

Although the medical product sector group was new to the International Electronic Manufacturing Initiative Roadmap 

for 2004, several projects are underway that are focused on components and materials used in the medical electronics 

market. While this product sector encompasses traditional or widely known products such as implantable medical 

devices, information technology used for patientsô records, medical diagnostic tools, and monitoring devices, the medical 

electronics market is being currently fueled by an explosive growth in personal medical electronics. The shift towards 

home or patient centric health care has lead to a very rapid growth in personal healthcare monitoring and diagnostic and 

preventative medical electronics. Examples, such as glucose monitoring, pedometers, external portable defibrillators, 

thermometers, womenôs health products, and others are a few products readily available at a local pharmacy or 

department store. In addition, the drive towards patient records portability has spurred a growth in information 

technology in the medical sector as healthcare providers and insurance companies strive towards global accessibility of 

personal health records of patients. In addition, the in-hospital and clinician shift towards paperless healthcare is pushing 
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the IT and records retention side of the industry. Conversely, the publicity of several health product recalls in recent 

years has lead to a small decline in some specific products for implantable markets.  

The United States health care system is currently the largest sector of the gross domestic product and is increasing as 

those born between 1946 and 1964 (baby boomers) approach retirement age. There will be roughly 1.2 billion retirees 

world - wide by 2012. Even within the United States there will be only 3 workers for every one retiree in that timeframe. 

According to the Bureau of Labor Statistics, the number one and number three fastest growing fields in terms of demand 

for employees are nursing (59% growth rate) and physicians assistants (49% growth rate). Ironically these two careers 

are bounded by the need for information technology workers (47% growth rate) since roughly one third of the national 

expense of healthcare is seen in the movement of medical information and billing. Increasing the role of electronics 

technology through medical sensing and patient monitoring is one solution that could deliver the needed health care 

while curbing the ever increasing costs of healthcare. 

 

Automotive Product Sector  

The automotive electronics industry accounts for 6% of global electronics equipment production and is expected to reach 

$75Bn in 2007. The sector is expected to experience modest growth through 2010, increasing at about 3.9% per year due 

to an increase in the average electronics content per car in a slowly growing vehicle sales environment. Global passenger 

car unit shipments are expected to increase from about 63.4M vehicles in 2006 to 72.1M vehicles in 2010, representing a 

four-year CAAGR of 3.3%. 

The major trends driving the demand for increased electronics penetration in automobiles include: 

 Stricter fuel economy and emissions mandates 

 Legislated requirements for advanced safety systems, such as advanced airbags and on-board tire pressure 

monitoring 

 Consumer demand for greater safety, comfort, convenience, and luxury features 

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

Electronic modules addressing these issues as well as other automotive electronics systems can be segmented into six 

major categories: 

 Engine and Power train Electronics: These include engine controllers, transmission controllers, voltage 

regulators, and any other systems that control the engine or driveline of the vehicle 

 Instrumentation and Infotainment Electronics: Included are AM/FM radios, satellite radios, rear seat 

entertainment systems, telematics, driver displays and instrumentation panels 

 Convenience and Body Controls: This category includes seating and window controls, remote keyless entry, 

remote start, lighting, climate control, and body controllers  

 Safety and Warning Systems: Including air bag sensors, tire pressure monitors, occupant detection, crash 

detection, and driver notification    

 Driver Assistance Systems: This category consists of antilock brakes, traction and stability control, electronic 

power steering assist, active suspension, cruise control, and collision avoidance  

 Wire and Cable: Including wire harnesses, junction boxes, and switch assemblies  

Europe accounts for the majority of automotive electronics system productionðapproximately 35%. This region is 

followed by Asia with 25% production share, the Americas with 23% share, and Japan with 17% share. Note that China 

is the fastest growing region for automotive electronics assembly, as China is emerging as both a leading consumer and 

producer of vehicles. Most leading automotive electronics manufacturers have already set up operations in China and 

expect to continue to increase assembly in these facilities over the next several years. Automotive electronics systems are 

now primarily designed and assembled by the OEM or Tier 1 suppliers. An estimated 6% of automotive electronics 

assembly value is expected to be outsourced to contract assemblers in 2007. 

The challenges for the automotive sector are cost effectiveness and reliability. Reliability requirements have changed 

dramatically, especially for the automotive electronics required for harsh environments. The harsh environment is fast 
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becoming harsher, with attendant demands on increased reliability. The infrastructure to support the requirements comes 

partly from the other product sectors and needs to be adapted with agility and modification.  

Below are four major challenges for the automotive harsh-environment electronics.  

 The automotive manufacturers are offering extended warranties to consumers for 100,000 miles/10 years or even 

more. This increase has necessitated increased reliability requirements. However, correlation information between 

field data and screening tests is difficult to obtain and hence is almost non-existent. To meet this challenge, 

reliability test stipulations have become stringent and time consuming, having an adverse effect on the electronic 

product development cycle. Ironically, at the same time fast-to-market has become the key to winning. 

 The arrival of HEV (Hybrid Electric Vehicles) for fuel economy and reduced emissions is creating new 

opportunities for automotive electronics. Many automotive vehicle manufacturers are offering HEV vehicles today 

and others have already announced plans for HEV equipped vehicles in the future. These vehicles will have higher 

voltage systems (42V to 500V) for key components that will benefit from the higher voltage to keep the current 

levels low for efficient thermal management.  

 The third challenge is a paradigm shift--a shift from the practice of considering automotive electronics and 

consumer electronics as separate compartments. The automotive electronics market is growing in many dimensions. 

In addition to the traditional engine management, and comfort and entertainment systems of the past, there is a 

growing market for office and entertainment systems that rival those in an office or home. The addition of these new 

dimensions to the electronics market is being referred to as the ñconvergence of automotive electronics and 

consumer electronicsò.  

 The fourth challenge and a market discriminator is the ability to respond to environmental legislation and customer 

specifications requiring the elimination of hazardous materials and the drive toward the development of ñGreenò (or 

recyclable) materials. Most automotive electronics are exempt from the EU Directives on Waste Electrical and 

Electronic Equipment (WEEE) and Restriction of Hazardous Materials (RoHS). The products that are under these 

directives are consumer electronics that are aftermarket products. Vehicle manufactures are asking that new business 

proposals for the 2007 and 2008 time frame be compatible with these directives. 

 

Defense / Aerospace Product Sector  

In 2007, $107Bn will be spent worldwide on defense and aerospace electronics systems, accounting for about 9% of 

global electronics equipment production. The industry is expected to grow at an average rate of 6% per year to reach 

$135Bn by 2010, primarily driven by the ongoing war on terrorism and escalating spending on security. 

Most growth in defense electronics spending can be attributed to the US. The US currently spends about 3.8% of its 

GDP on military affairs (including all military expenditures), and this percentage has increased steadily over the past 

several years, while countries such as the UK, France, Germany, and Italy have held military expenditures fairly constant 

as a proportion of their GDPs over the same timeframe. (In 1999, US military expenditures represented less than 3% of 

GDP)  Defense spending growth, however, has started to moderate, and smaller gains are expected over the next few 

years.  

Commercial avionics hardware is another important segment of this market. After a few lackluster years, this market has 

rebounded with record commercial airplane deliveries in 2005, and the outlook for this segment is strong through 2007. 

Growth is being fueled by strong demand from low-cost carriers, increasing air traffic in Asia, and the launch of several 

new platforms from Boeing and Airbus, such as the Boeing 787 Dreamliner and Airbus A350 and A380, which have 

increased efficiency compared to older designs. 

Defense and aerospace electronics systems can be grouped into several major categories, based on function: 

 Weapon Systems: This includes missiles and smart bombs that have internal guidance systems 

 Sensors and Acquisition Systems: Including laser range finders, radar, sonar, GPS, thermal/night vision goggles, 

ground imagery systems, and other surveillance equipment, all of which are used to acquire, identify, and track 

targets 

 Survivability Systems: These include electronic jamming equipment and false target generators 
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 Networking Communications: Including radios, satellite systems, fiber optic networks, and other networks used to 

share information in real time.  

This segment has always been driven by technologies that provide excellent ruggedness and reliability while operating in 

harsh environments, but one new technical and business concern this cycle is the supply chain move to offer only Pb-free 

components to a market that has not committed to Pb-free processes due to tin whisker and other reliability concerns. 

Worldwide, the US invests the most in defense and aerospace electronics each year, and in 2007 the Americas are 

expected to account for about 71% of overall defense and aerospace electronics production. The Americas are followed 

by Europe with 20% of production, and Asia and Japan with 5% share each. The high reliability, low volume, liability, 

and security restrictions on many defense systems have severely limited contract manufacturer penetration into this 

segment. Only about 2% of overall defense and aerospace assembly is subcontracted to EMS companies, and this 

percentage is expected to remain low over the next several years. 
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Chapter 2: Research Priorities Summarized by Research Area  

Over ninety topics were recommended as research needs in the 2007 iNEMI Roadmap. Each of these topics is listed in 

Appendix B, indexed first by research area and then by the roadmap chapter in which it appears. The Research 

Committee attempted to group these. The following lists are the Research Committeeôs consensus of the top 3 research 

priorities in each research area in order of importance, while the remaining priorities are listed in no specific order. 

 

Manufacturing Processes 

Top Research Priorities 

 There is a need for a new methodology/strategy for R&D to be conducted in the global outsourcing environment  

 Development of the infrastructure to produce high volume, low cost, high density interconnect substrates for small 

form factor and portable electronic products 

 Inspection/test technologies need to keep up with density of board designs and component packages. Some 

examples include: 

 Electromagnetic Signature 

 Acoustic Microscopy 

 Photoelectric Effect  

 E Beam Test Systems 

 Thermal Imaging 

Additional Research Needs 

 Manufacturability of high frequency materials  

 In-line test capability for embedded components during substrate manufacturing and PCB assembly  

 Faster/widely accepted data stream needed for EMS and NPI DPMO  

 T&M (and rework) capability for optical PCB will have to be invented  

 Three dimensional board assembly requires innovation in all steps of the process  

 Capabilities for embedding non-discrete passives in substrates during build-up process  

 Development of a manufacturing infrastructure for ceramic substrates  

 High volume, multi-channel passive, low cost alignment systems  

 Optical to FR4 bonding methods and tools  

 Improved III-V epitaxial Capability for Optoelectronics 

 Hybridization technologies (optical wafers, stacking technology) for Optoelectronics 

 Reduced III-V Process Costs Optoelectronics 

 

System Integration -  IT and Technology Integration  

As we continue to combine disparate technologies into product architectures, a number of integration challenges face the 

industry. These limit our ability to improve cost, size, and reliability. 
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Top Research Priorities 

 Need to develop 3D interconnect structures with associated thermal management 

 Need standardized test methods / figures of merit for printed electronics  

 Require the capability to do system level comparisons (performance, power, and cost) between optical and RF 

technology from the device level to the system level. 

Additional Research Needs 

 Understanding the true value/performance relationship of ceramic versus organic substrates  

 Thermal management of high temp operation, high dynamic range optoelectronic imagers in emerging auto safety 

apps  

 Impact of regulatory actions on materials availability and ability to compete in connectors 

 Prototype tools for roll to roll processing; hybrid printing / manufacturing platform using several printing 

technologies are needed for organic and printed electronics 

 Cross industry IT standards for cross-industry collaboration 

  Buried/integrated resistors and capacitors in ceramic substrates 

 Competitive multilayer capability for ceramic substrates 

 Investigation of the use of Auto-Refrigerating Cascade (ARC) systems to provide low temperature cooling for 

electronic packages and systems  

 

Energy and the Environment 

Top Research Priorities 

 Accepted and sound scientific methods to evaluate environmental impact of materials that are also accepted by 

regulators, NGOs and industry  

 New innovative energy sources  

 R&D needed to develop a sustainable infrastructure and viable recycled materials market for use in new products 

and other applications  

Additional Research Needs 

 Need for industry to be more involved in policy making on material and energy restrictions to assure better 

understanding of trade-offs inherent in substitutions  

 Guarantee RoHS compliancy for SiP modules now and into the future  

 Interesting concept to investigate whether the economics of energy recovery would provide the level of minimal 

impact required.  

 Plasma displays use 2-3 times the energy of LCD and RPTV 

 Current fluorescent lamps contain phosphorus and mercury, and arc lamps contain mercury 

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

 Standards on disposal/recycling of single use items for printable electronics 
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Materials & Reliability 

Top Research Priorities 

 Replacement for SAC alloys for better area array shock, lower cost, lower temperature and reduced copper 

dissolution issues  

 Halogen free material needed for substrates and PCBs  

 Second level underfill solution needed that is reliable / reworkable and cost effective 

 Need for sensor specific material standards - especially thin films  

Additional Research Needs 

 Better underfill materials for flip chip  

 Integrated circuits and power transistors capable of operating at Tj's = 175
o
C and 200

o
C, respectively 

 Better substrate materials for high frequency applications  

 Low cost, compact, and reliable dielectric liquids for cooling 

 Efficient thermoelectric cooling technology for high heat flux applications 

 Cost effective composite ceramic/organic materials  

 Need for improved die attach materials and conformal coatings 

 Improved mold compounds for SiP - low modulus material that reduce stress on low k structures and reduce  

moisture adsorption for Pb-free apps and less package deformation 

 Integration of nanoscale technology into existing material systems to improve thermal performance capabilities 

without impact on reliability. Other novel approaches identified during the investigative stages of project 

development should also be considered 

 Thinner, low cost dielectrics in ceramic capacitors  

 Innovative solutions are needed for larger capacity capacitors (film/Aluminum/Electrochemical) that can be used 

with multiple Pb-free mounting/rework profiles  

 Study to understand materials degradation for printed electronics 

 Improved range of battery attributes (e.g., lower cost, higher quality, improved cycle life, lower environmental 

impact, improved safety and higher specific energy) 

 New materials research not available for developing GaN, InGaAs, MEMS, FBAR, carbon nanotubes and molecular 

electronics for RF frequencies approaching 100 GHz by 2017 

 Need for die attach solder for Tj>200C  

 Pb-free solders/flip chip materials that support high current densities and prevents electromigration 

 Need for improved wirebond processes for SIP 

 Development of hermetic adhesives and sealants to reduce cost of hermetic packaging for Optoelectronics 

 Hermetic encapsulants for Optoelectronics are a need 

 Reduced III-V Materials (Substrate) Costs for Optoelectronics 

 Transmitters - ultra-low power edge emitters for Optoelectronics 

 Thermomechanical - Molecular modeling, Process modeling, multi physics and multi phase flow simulations, 

materials modeling optimized for spintronics 

 Waveguide materials and methods for in/on PCB waveguides 
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 Optical corner turn 

 In-board modulation/filtering/detection/couplers, etc. 

 Emitter and detector materials 

 Integration of active and passive components 

 

 

Design 

Top Research Priorities  

 Improved, integrated and standardized DFx tools for compatibility across supply chains Low cost solutions needed 

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

 Better tools for concurrent design of packages and PCB for better system optimization. Should also include 

metrology and methodologies both for materials characterization and for performance validation. 

Additional Research Needs 

 Managing and protecting IP in a collaborative environment  

 Low cost fine line technology for first and second level scaling of substrates 

 Improved design tool development for ceramic substrates including buried/integrated passives and multilayer 

capability  

 Improved tools for embedded passives design.  

 Design, simulation, and design tools for printed electronics needed 

 Development of novel refrigeration systems using miniaturized devices, e.g., MEMS and meso-scale components 

for compressors and pumps 

 R&D funding is not available from within the RF components & subsystem commodity industry - need to develop 

new sources for support development of resonant tunneling devices, spin transistors, etc. 

 Optoelectronics 

 Availability of low cost sources that do not require temperature control 

 Coolerless DWDM sources (i.e. eliminate need for Peltier cooler) 

 Self calibrating DWDM sources 

 Improved high speed D/A and A/D for signal processing and compensation systems (up to 100 Gbps)  

 New III-V device functionality for integration (on-chip isolators, athermal, and stress insensitive devices) 

 Transmitters - low voltage optical modulation methods 

 Optoelectronic inputs compatible with conventional electronics output  

 WDM for simplified routing with digital word alignment (common path length) 

 Tunable narrow line width lasers in the near and mid IR 

 Telecom grade detectors beyond 2 microns 

 Compact solid state UV lasers or high brightness LEDs for visible wavelengths between GaN and AlGaAs   

 Development of non-polar LEDs with higher IQE and lower series resistance vs. conventional polar (c-plane) LEDs 

 Flat panel ï further R&D in OLEDS (not yet mature for use in large format displays)  

 Flat panel ï address ñGreen gapò in LED sources to improve achievable color gamut. 
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 OLEDs are still not sufficiently reliable for mainstream applications. 

 Design collaboration tools for use by virtual design teams scattered around the globe, including feedback 

mechanisms for repair and warranty data to designers. 

 Thermal - System level efficient turbulence models, Simulation methods and solvers that incorporate radiation, 

convection, conduction and radiation are required 

 Optical - Design methodologies for integration of optics and electronics in PWBs 
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Chapter 3 - Significant Issues from Roadmap  

Introduction 

This chapter highlights significant technology issues from the 2007 Roadmap. It addresses both strategic gaps and 

evolutionary gaps in the context of the three thrust areas and the five research areas of the iNEMI Roadmap: 

 Strategic Gaps 

 Active Device Technology 

 Thermal Management 

 Increased Communications Bandwidth 

 Next Generation Packaging Technology 

 Design and Simulation Tools 

 Sustainability Metrics 

 Evolutionary Gaps 

 Manufacturing Challenges from Miniaturization 

 Materials Reliability 

 Medical Electronics and other emerging applications 

 

Strategic Gaps 

Six strategic gaps have been identified from the 2007 iNEMI gap analysis: 

Active Device Technology 

Traditionally, the ITRS and iNEMI STR Roadmaps have focused on the continued scaling of CMOS (Complementary 

Metal-Oxide-Silicon) technology. However, since 2001, we have reached the point where the horizon of the Roadmap 

challenges the most optimistic projections for continued scaling of CMOS (for example, MOSFET channel lengths 

below 9 nm). This July the ITRS Roadmap Workshop concluded that they could not identify the technology that would 

be used for the post 22 nanometer processing node. It is also difficult for most people in the semiconductor industry to 

imagine how we could continue to afford the historic trends of increase in process equipment and factory costs for 

another 15 years. Thus, the ITRS and iNEMI STR Roadmaps must address post-CMOS devices. The Roadmap is 

necessarily more diverse for these devices, ranging from more familiar non-planar CMOS devices, to exotic new devices 

such as spintronics. Whether extensions of CMOS or radical new approaches, post-CMOS technologies must further 

reduce the cost-per-function and increase the performance of integrated circuits. Thus new technologies may involve not 

only new devices, but also new manufacturing paradigms. 

The continued research and development efforts in the industry have brought about reacceleration and diversification of 

scaling, although the 2003 edition of the ITRS reported on the deceleration of scaling envisaged by Mooreôs Law to a 

three-year cycle. Flash deviceôs scaling is still a two-year cycle, MPU is a 2.5-year cycle until 2010, and DRAM is a 

three-year cycle. The word ñnodeò cannot define technology trends clearly anymore. In the chapter on PIDS (Process 

Integration and Structures), it is observed that there are many choices to improve MOSFET performance, which we call 

ñParallel Pathsò of planer bulk MOSFET, FDSOI MOSFET, and Fin-FET. The ITRS is entering a new era as the 

industry begins to address the theoretical limits of CMOS scaling. There remain many technological challenges to be 

overcome to achieve continued growth of the semiconductor industry. 

The transition from extended bulk CMOS to non-classical device structures is not expected to take place at the same time 

for all applications and all chip manufacturers. Instead, a scenario is envisioned where a greater diversity of technologies 

are competitively used at the same point in timeðsome manufacturers choosing to make the transition to non-classical 

devices earlier, while others emphasize extensions of bulk technology. To support this probable scenario we have 

provided metrics for parallel paths showing what is required to extend classical CMOS and what can be gained by 

making a transition to other device structures such as fully depleted SOI and multi-gate.  
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The major drivers for both BiCMOS and CMOS RF technologies are lower power consumption, lower noise, and lower 

cost, but on-chip signal isolation may become the limiting factor with regard to size and cost. For system-on-chip 

implementation, device isolation appears to be the major obstacle because of the high voltages needed for power 

amplifier and power management circuits and the numerous frequencies generated internally by the intermediate 

frequency blocks. The challenge of signal isolation is made even greater because a consensus does not exist on which 

parameters best characterize the issue and how to measure them. 

The conversion to novel devices and the next wafer size beyond 300 mm (i.e., 450 mm wafers) represent key inflection 

points for semiconductor manufacturing. Novel devices beyond bulk CMOS and their potential impacts to equipment 

and manufacturing are not well defined, but are expected to be significant. Conversion to wafers larger than 300 mm 

represents another change opportunity to improve manufacturing cost effectiveness and will be an important factor in the 

semiconductor industryôs ability to continue realizing Mooreôs law. Combinations of materials and processes used to 

fabricate new structures create integration complexity. The increased numbers of levels, exacerbate thermo-mechanical 

effects. Novel / active devices may be incorporated into interconnects. 

CMOS is now common for all the RF subsystem functions except power amplifiers and switches (which are 

predominantly GaAs for efficiency), and passive RF filters in various technologies. Increasing complexities, densities, 

and cost pressures are driving: 

 Increased integration levels in RFICs and SoC integration of RF transceivers 

 Rapid buildout of infrastructure to deliver full RF subsystem functionality in multi-chip packages (SiPs) for most 

high-end and low-end phones 

 Bulk acoustic resonator (FBAR) filters for higher densities and lower losses 

 Antenna innovations for density and MIMO implementations 

 Known-good die (KGD) RF test requirements 

The field of micro electromechanical systems (MEMS), as applied to radio-frequency (RF) circuits, has been expanding 

rapidly, starting in the mid -1990ôs. At first, this was driven to a large extent by the success of low-frequency MEMS 

devices and their advantage of low-power operation and ease of integration with CMOS circuitry. However, the bulk of 

these low frequency devices, such as accelerometers for air-bags or gyroscopes for position sensing, are based on 

polysilicon structures. Unfortunately, polysilicon is a poor microwave material due to its relatively high resistivity, 

which causes excessive loss at these frequencies. Because of this, most researchers in the field of RF-MEMS devices use 

metal structures such as gold or aluminum beams. Although for mechanical resonators, the resistivity is not nearly as 

important as the mechanical quality of the material. RF-MEMS devices are being targeted for insertion into RF front 

ends. In some cases, the RF-MEMS device is intended to allow the integration of passive components that are currently 

off-chip, such as the reference resonator, and in other cases the RF-MEMS device is used to add multi-function 

capability to enable a broader range of applications. 

Sensors represent another family of active devices that provide functionality e.g. monitoring environments and 

processes. The sensor architecture could be simple, such as a device that changes electrical and/or optical characteristics 

when subjected to an environmental change i.e., temperature, humidity, etc.  

The printing and microelectronics industries are at the cusp of a new industry created by the merging of graphic arts 

printing and microelectronics technologies. Organic and Printed Electronics consists of applying established print 

manufacturing systems and novel nanotechnology enabled functional inks to create electronic circuitry. Printing 

equipment when used as an electronics manufacturing platform, will provide a means for scaling with costs that increase 

at a rate several of orders of magnitude below the rates historically observed for silicon IC manufacturing. 

Thermal Management  

Another consequence of the expected demise of the traditional scaling of semiconductors is the increased need for 

improved cooling and operating junction temperature reduction due to large leakage currents and increase in chip power. 

In the short term, multicore processors have reduced the power density required for high performance computing. 

Continuing innovations in thermal management at the device level will continue to be required as devices increase their 

leakage currents. These thermal management issues will be particularly severe in 3-D packaging configurations. The 

other area of great concern on thermal management is at the system level for large computing and data communication 

systems. The most cost and energy efficient approach to cooling these room sized systems must be determined. 
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Increased Communications Bandwidth  

The end of traditional semiconductor scaling is generating significant reverberations in approaches to 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 systemôs throughput metric. This shift in the 

systemôs performance metric will generate an increased demand for higher bandwidth to and from the microprocessor. 

The expected increase of the bandwidth to and from the processor chip in future systems will be accomplished with the 

proper mix of various technology elements that will be common among the Office and Large Business Systems. To 

begin with, improved and more complicated I/O macros will be generated to overcome the losses of long interconnects 

and extract the most amount of information even from a highly distorted signal arriving at the receiver. In this sense, 

differential signaling (with current mode operating output stage) will become more and more prevalent as the data rates 

exceed 5 Gbps and the interconnection lengths are longer than 5 inches. These improvements will not be free however, 

because they will require a significantly larger area for the I/O circuit implementation on the chip, much stricter control 

of their placement and wiring to the C4, and higher power consumption. Therefore, it is considered inevitable that the 

trade off of developing cost effective boards and cards with low loss material will also be pursued. Furthermore, it is 

believed that it will be only a matter of time before the appropriate board technology is developed to at least minimize 

the hanging stubs due to PTHs along the paths of interconnects carrying signals at high data rates. This situation leads us 

to believe that, at least for the large and thick boards, the price will not come down linearly as was projected in the 

previous roadmaps, but it will stall near the current pricing per square inch for at least 3 to 4 years at the end of this 

decade.  

High frequency applications, both digital and analog, are perhaps the most significant automotive electronics changes in 

recent years. Products including satellite digital radios (2.4 GHz), short and long range collision avoidance radars (17, 

25, and 77 GHz), and other wireless products have been introduced recently. The Intelligent Transportation System (ITS) 

is bringing communication and services into the car such as navigation, traffic, weather, emergency notification, security, 

entertainment, etc. High-speed communication and bandwidth will also be required for these applications. Passive 

components for such applications are usually designed for consumer electronics applications instead of automotive 

applications. Wider availability of automotive grade passive components for vehicle electronic products is needed. 

Additionally, the consumer market has very short program lifecycles while the automotive industry usually has multi-

year program lifecycles. If consumer orientated passive components are the only available sources for the automotive 

high frequency applications, programs may have to face a persistent problem - product obsolete notices and component 

change requests from the suppliers. It is very difficult and expensive to have component re-sourcing and re-qualification 

during the program lifecycles. 

Voice communications continues to be the primary purpose of cellular wireless networks and consumer handsets. 

However, new features and capabilities are evolving rapidly, driven primarily by technology advances ï increased 

bandwidth within the network and additional handset functions not related to the cellular network such as WLAN, FM 

radio, Bluetooth, Near Field Communications and others. 

Advanced wireless infrastructure such as 802.11 LAN, high bandwidth satellite, 3G cellular, and digital TV broadcasting 

will provide sufficient bandwidth to download high value digitally compressed entertainment media. 

The real-world bandwidth of 801.22a/b/g hardware does not support the transfer of full motion video, an application 

being targeted by 802.11n. In developed countries, WiMAX applications as the ñlast mileò for high bandwidth 

communications are justified without the high cost of wired or optical infrastructure deployment. Video distribution and 

the increase in bandwidth to the home will drive the ongoing network and switching / routing bandwidth growth. 

Optoelectronics technologies are used in mainstream, high data rate applications when they offer lower cost than the 

alternative of using copper (or sometimes wireless) methods. Since optical technologies are newer than copper methods, 

their cost is falling faster. As the cost of optical transmission drops, the distance at which optical methods are more 

economic becomes shorter, and today, optical methods are sometimes more economic for high data rates over distances 

of 10-100 m. In the future, optical methods are likely to be used at even shorter distances as demand for high data rate 

transmission continues to grow. There is increasing interest in optical chip-to-chip connection on the system board, to 

overcome bandwidth bottlenecks between the CPU (clock speeds up to 10 GHz by 2004), and the main memory or I/O 

bus (running at 100ôs of MHz)). The development of low cost, standardized optical interconnect platforms is critical to 

progress in this area. 
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Fiber Optics is well advanced and capable of high speed / bandwidth, EMI and other applications beyond Cu. But Cu 

circuitry with metallic connectors will continue to dominate due to its lower cost and steadily improving performance. 

Applications > 1Gbps are now common, with 20Gbps now possible with new backplane connectors. 

Next Generation Packaging Technology 

Electronic system miniaturization demands are driving a new generation of low cost packaging technologies for the next 

decade. Multifunctional integration, ultra small form factor and low cost will be the key thrust areas of next generation 

packaging. This new generation of packaging technology will be interfacing with integrated and or embedded active and 

passive components, cooling structures and advanced interconnect structures in ultra thin silicon and organic type 

substrate platforms. Chip package co- design and integration 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 manufacturing processes 

Design and Simulation Tools 

The need for system level design and increasing cost pressures were key trends identified in earlier roadmaps and these 

trends continue in 2007. The industry across all sectors is under pressure for a reduction in design and process cycle 

time, resulting in an increased need for the industry to focus on simulation related issues. In 2007, system level 

simulation and modeling are further refined to include policy optimization, design for robustness, and simulation-based 

control. Simulation can be used to evaluate ñwhat ifò scenarios to quickly guide a process and / or product in the most 

optimized direction. There is also a push toward ñmaking it right the first time.ò Simulation can provide valuable 

guidance in attaining this goal.  

It is clear that early modeling and simulation to direct the product is the most effective. Modeling and simulation can be 

leveraged throughout the product cycle for design changes due to market changes, by obtaining enhanced understanding 

for the next product, for application conditions and customer support as well as for problem diagnostics in the 

manufacturing line. A careful cost analysis must be done to ensure that the benefits outweigh the M&S infrastructure 

costs mentioned earlier. 

Simulation and modeling is becoming a business imperative due to the inability for testing alone to meet the demands 

imposed by reduced cycle time and increasing product complexity. To be effective, simulation and modeling require the 

following: 

 Experts with knowledge in the tools, simulation software, the subject matter being simulated (example - thermal, 

fluid, electrical, etc.), and the products or processes for which the simulation is performed. Inadequate knowledge 

even in one of the aspects above could prove to be disastrous 

 A mix of commercial and homegrown optimized tools. It is usually difficult to have all the needs satisfied by 

commercial tool suites only 

 Adequate computer resources or access to such resources 

 Laboratory / testing infrastructure for property determination of inputs to the models 

 Laboratory / testing facilities for adequate verification of the models, including: 

 Partial system models 

 Complete system models 

 Use of Dimensional Analysis and Model Analysis 

Manufacturing systems are faced with the challenges imposed by the global village. The globalization of manufacturing 

has resulted in the imposition of new and significant challenges. In any domain, manufacturing needs to be viewed as a 

complex system that is made up of multiple interacting and interrelated segments. In addition, modern manufacturing 

systems are dynamic. A manufacturing system could include, but not be limited to, the procurement of material and the 

associated optimization of the supply chain, manufacturing processes, production systems, factory information systems 

that assist at different levels of the manufacturing scenario, complex software systems, business processes and (of 

course) people. This is especially true for electronics manufacturing and for EMS (or electronics manufacturing services) 

providers. 
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The Automotive PEG has identified thermal management as a key factor to be managed through innovations in substrate, 

assembly, and system level cooling designs. The Proliferation of MEMS devices and RF systems / devices call for the 

transfer of simulation knowledge from other sectors to the automotive sector. MEMS devices would drive simulation 

needs at MEMS scales (several microns) with reliability prediction being a challenge. 

Increased deployment of BGAs and plastic components (COTS ï components off the shelf) in the Defense/Aerospace 

PEG calls for reliability simulation under harsh environments. The cost constraints are not expected to be as severe as 

other sectors. Field reliability models would be the key issues due to the large acceleration factors between laboratory 

and field conditions. High-density connector systems usage is expected to drive simulations in the area of contact and 

reliability. 

In the Portable / Consumer PEG, the volumes of cellular-phone and other telecommunication hand-held devices has 

increased explosively and it was required that the technology be brought to market in a shorter time. Emerging trends in 

this sector are higher Silicon integration, product complexity such as 3D stacking, in which simulation can be used 

effectively for better understanding of the increased complexity. Design for postponement challenges could be 

effectively handled by using supply chain or factory information systems simulations to adjust design elements as the 

customer needs change rapidly. 

The Medical PEG encompasses implantable medical devices, information technology used for patientsô records, medical 

diagnostic tools, and monitoring devices. Its coverage areas are very broad which requires all the simulation areas in 

addition to those of bio engineering. This PEG is driven by the higher reliability rather than price pressure or do it right 

first. Biomedical and Bioengineering areas emerged in 2004. The need for these areas was identified earlier but the 

priority was escalated in response to the war against terrorists potentially using bio chemical weapons. More details on 

the research needed and associated issues are discussed in the research and development section.  

Sustainability metrics are becoming increasingly important. The concept of sustainability is being widely adopted and 

promoted by companies throughout the electronics supply chain as a core tenet and measure of performance of their 

business operations, largely in response to heightened interest by stakeholders in corporate social and environmental 

responsibility. 

The electronics industry is currently in the throes of intensive activity related to compliance with RoHS and WEEE. 

Numerous industry groups, standards committees, technical advisory committees, and others are addressing different 

aspects of the requirements. The European Union (EU), however, continues to chart new territory. The anticipated 

REACH (Registration Evaluation Authorization and Restriction of Chemicals) will extend the breadth of the existing 6 

RoHS substances of concern. The Directive on Eco-design of Energy Using Products, known as EuP, will move 

producers in the direction of requiring Life-Cycle Analysis (LCA) of newly introduced products. EuP is but one aspect 

of a larger framework of Integrated Product Planning, or IPP, which intends to systematically address the entire societyôs 

use of products and the materials that compose them. Product producers will have to consider and reduce the 

environmental impacts of their products from a comprehensive material and energy cycle perspective; starting with 

material extraction from the earth, through design and manufacture, use, end-of-life disposition, and even óclosing the 

loopô of recovering materials from discarded products. This will require a very different perspective on products 

generally, and materials specifically.  

Current producer responsibility legislation like RoHS and WEEE concerns the fate and toxicity (both to humans and the 

environment) of the materials used to construct products. Not considered by the present laws, however, are other life-

cycle environmental costs such as energy to extract raw materials, by-product toxic contamination such as mine tailings, 

and environmental degradation due to extraction, transport, and elemental processing, to name but a few. IPP will require 

such aspects be included in sustainability analyses of products.  

The industry should continue to be vigorous in taking part in the legislative process to ensure that new bans and other 

directives truly benefit the environment and public health without imposing unnecessary cost. 

 

Evolutionary Gaps 

A number of gaps have been identified which will require significant R&D over the next decade to keep technology 

abreast of market needs. The gaps have been compiled under three headings. Consumers are pushing for increased 

functionality, smaller form factor, and less weight in their portable devices, but at reduced cost. To meet these cost 

constraints, manufacturers have pushed component suppliers to integrate more functionality into their parts. The net 

result is a significant reduction in total part count for an equivalent function. Electronic component suppliers are looking 
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to utilize embedded passive components, systems in package, system on chip, or any other means to densely pack ICs 

with increased functionality. There are two dominant gaps that are caused by the evolutionary development of increased 

functionality and density of packaging; manufacturing challenges from miniaturization and materials reliability.  

Manufacturing Challenges from Miniaturization   

Since publication of the 2005 Research Priorities, multichip modules are being replaced by integrated ICs, with RFICs 

leading the way in many portable communication products. With RF System-in-Package (SiP) applications becoming the 

technology driver for small components, packaging, assembly processes and high density substrates, new process 

developments are required to drive low cost, 3-D, high volume assembly. High reliability assembly will continue to be a 

concern due to the higher reflow temperatures associated with PB-free assembly. It is expected that nanotechnology 

(e.g., nanosolder) will be a very disruptive technology during the period covered by the 2007 Roadmap. Nanotechnology 

based low-temperature, or room temperature assembly processes, have the potential to improve field reliability, 

streamline manufacturing, and reduce cost.  

Concurrently, manufacturing organizations are producing smaller batches more frequently, and they need assembly 

processes that are cost effective at volumes lower than those typically assumed to be ñhigh-volumeò. While the dramatic 

movement of manufacturing and manufacturing support to China now (and India in the future) is expected to continue, 

increased transportation costs may impact this trend as the products labor component decreases. 

Materials Reliability  

Throughout its history, the electronics industry has achieved increased performance through improvements in the electric 

properties of the materials that it utilizes. These changes in electrical properties can also change other properties such as 

mechanical and thermal properties. If the full impact of the changes in material properties and behavior is not understood 

it can lead to catastrophic field failures. For example, the IC industry has been struggling to deal with poor mechanical 

properties of low K dielectrics. It has taken almost a decade to solve the low K dielectric problem though flip chip and 

wirebond processes. While the low K achieved so far is about 3.0, the industry has been planning to lower the K value to 

2.2 -2.5. It appears that there is no way to achieve this lower K without the dielectric being porous, thus making the 

problem correspondingly worse than with a K of 3.0. New solutions, such as sealing the ultra low K to make it more 

hermetic and more mechanically strong, are a starting point. More important contributions need to come from a new 

generation of packaging and assembly technologies, including interconnects, molding compounds, underfill, and lead-

free solder bumps, with resulting stresses on the interconnection that are lower than the fracture strength of the low K 

dielectric.  

Lead-free solders and surface finishes continue to present reliability issues, not only for high reliability applications in 

the defense/aerospace, automotive, and medical product sectors, but also for consumer/portable and office/large 

business/communications product sectors  Although the industry sectors requiring RoHS and WEEE compliance have 

generally moved to the tin-silver-copper alloy system for board assembly, new Pb-free solders and materials and 

processes compatible with Pb-free assembly are being sought to improve drop/shock resistance, vibration performance, 

and handling, decrease the tendency for tin whisker formation, significantly lower the reflow temperature to improve 

reliability of sensitive components, decrease the cost of bar solder due to raw material and patent costs, and improve 

rework characteristics of the solder joint, the component, and the board.. Each of these issues may require a different 

solution, with a particular solution to one problem likely causing a worsening of performance in some other area. The 

tradeoffs between key characteristics must be better quantified for the Pb-free technologies under consideration.  The 

high reliability product sectors currently exempt from, or not covered by the RoHS and WEEE Directives, are dealing 

with a lack of availability of components with Sn-Pb surface finishes. They must either refinish components with Pb-free 

surface finishes at an increased cost or use Pb-free components with an increased risk of tin whisker formation and 

possible degradation of reliability resulting from reaction between the surface finish and the solder alloy. As board 

assembly with Sn-Pb solder is phased out in consumer/portable and office equipment products, these exempt product 

sectors will feel increased financial pressure to convert to Pb-free assemblies. Before this conversion should occur, the 

performance of Pb-free interconnect technologies (i.e. solder, surface finish, underfill and molding compounds), that are 

expected to operate in the harsh environmental requirements of defense/aerospace, automotive, and medical products, 

should be better understood. 

Medical Electronics and Other Emerging Markets 

Emerging markets and disruptive products often generate unique requirements to achieve the cost, size, weight, or 

reliability requirements to create a new market. It is critical to develop the technology from the existing base of 

knowledge to address these new market opportunities. An example of such a market is the diverse medical electronics 
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market. Segments of this market require enhanced reliability (implanted devices), while other segments require lower 

cost (consumer products). 

Continued pressure for increased device functionality, reduced cost, and higher reliability will demand the use of 

advanced materials that are not currently used in implantable medical device applications. Advanced printed circuit 

board, and flexible circuit substrate and conductor materials will be required. Biocompatible coatings and materials that 

will reliably perform in contact with body fluids and tissues will continue to be needed. 

A current limitation on standalone device longevity is the primary cell power consumption. Future products will require 

more battery capacity, longer life and the ability to run additional features or transmit higher amounts of information via 

RF telemetry. These requirements are driving the need for alternative power sources and energy management in portable 

and implantable medical products. One option being explored is a rechargeable battery system that would allow wireless 

connectivity to an external supply. Alternatively, exploration into self generating power systems that utilize the bodyôs 

kinetic, thermal, or chemical energy is taking place. This is predicted to be a very high growth area for increasing both 

functionality and battery longevity. Additionally, this technology may allow for powering of remote or ultra small 

devices, such as sensors, that could not accommodate a primary cell. 




