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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 development. While we continue to refine that process to improve the results, the underlying 

principles 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 2013 iNEMI Roadmap identified a number of key technology and business challenges facing the 

electronics industry over the next decade. Forecasts indicate that most of today’s key semiconductor and 

electronic packaging technologies are not capable of meeting the needs of the industry in 2023. If these 

challenges are not promptly addressed with innovative solutions, the viability of the electronics 

manufacturing industry will weaken over the next decade. 

With the downsizing of industrial research it is critical to encourage funding organizations and also 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, 

                                 

Bill Bader, Chief Executive Officer 

International Electronics Manufacturing Initiative (iNEMI) 
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Chapter 1 Introduction 

1.1 Background 

The iNEMI Research Priorities document presents the consensus on R&D needs identified in the 2013 iNEMI 

Roadmap and a number of iNEMI coordinated workshops. The 2013 Roadmaps were developed by twenty 

Technology Working Groups (TWGs) in response to inputs from representatives of OEMs in six product 

sectors or Product Emulator Groups (PEGs). The twenty chapters can be classified into four categories: 

 Business Technologies TWG 

 Information Management (IM) 

 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 & Component Substrates 

 Interconnect Substrates – Ceramic 

 Interconnect PCB - Organic 

 Passive and RF Components 

 Optoelectronics 

 Large Area, Flexible Electronics 

 Mass Data Storage 

 Photovoltaics 

 Solid State Illumination 

 Electronic Connectors 

 Energy Storage and Conversion 

 MEMS/Sensors 

The 2013 iNEMI Roadmap consists of more than 1900 pages, with contributions from over 650 participants 

representing greater than 350 organizations from 18 countries. Further details on the roadmapping process and 

contents are contained in Appendix A: 2013 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. 

The R&D needs identified in the 2013 iNEMI Technology Roadmap are organized into four categories: 

 Design 

 Manufacturing Processes  

 Materials and Reliability 

 Sustainability 

The iNEMI roadmapping 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 
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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. 

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

challenges face the industry. What once was a multi-board system is now a chip. These rapid reductions in 

size and increases in speed require new approaches to performance. 

At the same time, the business model has changed and the ability to do full systems engineering within a 

single organization such as IBM or AT&T is no longer possible. This change in structure has led to a number 

of areas where collaboration is required to achieve the necessary level of optimization. The resulting 

suboptimal solutions can limit our ability to improve performance, cost, size, and reliability. 

One solution is for research institutes to conduct studies to optimize the next generation of electronics 

technology, prior to its implementation into industry. International Research Groups such as the MIT 

Microphotonics Center, IMEC, leti, Fraunhofer IZM, Binghamton CAMM, and Georgia Tech PRC are 

examples of this evolution. All of these organizations are members of iNEMI. System solutions will be 

needed. In the following list of Research Priorities we have identified areas where a collaborative systems 

approach may bear the most fruit. 

iNEMI is committed to improving the roadmapping process; to identifying disruptive technologies; to finding 

solutions to current needs; and to helping anticipate new applications and products. 

 

1.2 Situation Analysis 

Trends in computing are driving significant changes throughout the electronics industry, impacting everything 

from the balance of hardware production to energy usage in data centers. The trend of the “Internet of things”, 

by which the number of network-savvy products is far outstripping the onramp of people onto the Internet, 

and the broad adoption of cloud computing, are both contributing factors to the third key trend of “big data”. 

Together these trends open the door to new opportunities, such as cloud-connected monitoring of everything 

from the climate to an individual’s health, and new paradigms for collaborative design. They also pose new 

challenges for the industry supporting these new growth areas. 

According to Cisco, in 2008 the number of things connected to the Internet exceeded the number of people on 

Earth1. They further predict that some 25 billion devices will be connected by 2015, and 50 billion by 2020. 

All these new connections are creating data to be analyzed, stored, retrieved, and leveraged. 

Cloud computing is a new model for enabling ubiquitous, convenient, on-demand network access to a shared 

pool of configurable computing resources (e.g., networks, servers, storage, applications, and services)2. 

Essential to cloud computing is: 

 The consumer’s access to on-demand self-service for data, applications, and processing power 

 Broad-band access to these capabilities from multiple computing platforms, including mobile devices 

and interconnected things 

 Resource pooling and rapid resource allocation, giving consumers the sense that they have practically 

unlimited access to whatever storage or resources they need 

Doing business in the cloud is challenging traditional modes of authentication, and straining resources needed 

to support this always-on model. 

                                                 
1 http://share.cisco.com/internet-of-things.html  
2 http://csrc.nist.gov/publications/nistpubs/800-145/SP800-145.pdf  

http://share.cisco.com/internet-of-things.html
http://csrc.nist.gov/publications/nistpubs/800-145/SP800-145.pdf
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The increased data available from the expanding number of network-connected sensors and devices, and it’s 

anytime/anywhere accessibility, is driving the “big data” revolution. Having data is of limited value if you 

can’t make sense of it, connect it to related data, store it for future reference, and draw conclusions from it in 

a decision-relevant time-frame. The sheer volume of data is rendering traditional database and processing 

systems inadequate. Issues arising from big data are characterized by the five “Vs”3: increased volume of data 

collected/stored/analyzed, increased velocity by which the data is generated or needed, the broad variety of 

sources from which data is derived, the difficulty in determining the veracity of data which comes at a 

staggering rate from a multiplicity of not always inter-comparable sources and optimizing value while 

minimizing costs. 

 

1.3 Overview of the Document 

In 2007 iNEMI held an Innovation Leadership Forum, bringing together leaders from industry, academia, and 

government to address the market, social, and technical issues that innovation should focus on. Based on 

these presentations and additional input, iNEMI chose to focus its agenda on the technology needed to 

support three key areas: Miniaturization, Medical Electronics, and the Environment.  During the last twelve 

months iNEMI has held forums/workshops on:  Forum on “Progress in Green Electronics”, 2013 

SMTA/iNEMI Medical Electronics Symposium, 2013 ITRS/iNEMI “More Than Moore” Workshop, 

GAA/iNEMI Printed Electronics & Intelligent Packaging Symposium, and MEMs.  These forums/workshops 

were held with the objective of getting focused input on areas where the iNEMI process would lead to iNEMI 

research and development projects.  While the iNEMI Technical Plan (which is only available to members) 

focuses on 5year action plans in the three key areas. 

The following four chapters of the iNEMI Research Priorities (available to all stake holders) describe critical 

R&D needs on a broad 5-10 year horizon. To be specific: 

Chapter 2: Research Needs to support iNEMI Technology Implementation Groups (TIGs) and 

current Projects 

 This chapter defines the research needed to support the seven current TIG areas for iNEMI projects 

and the two emerging technologies of MEMS and Highly Efficient Power Conversion. The chapter is 

summarized in a table which lists the current projects in these seven TIG areas and emerging 

technologies and their research needs. 

Chapter 3: Emerging Technologies 

Chapter 3 presents research needs in seven emerging technology areas which could lead to future 

advancement and sustained growth in the electronics industry: 

 Integrated Photonics 

 Nano-Electronics 

 Printed Electronics 

 Highly Efficient Power Conversion 

 Heat Transfer 

 Solid State Illumination 

 Design Tools 

This chapter takes a systems approach to the infrastructure and supply chain requirements needed to 

accelerate the introduction of these emerging technologies. 

                                                 
3 ITRS Factory Integration Roadmap (draft 2013) 
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Chapter 4: Research Priorities Summarized by Research Area 

Chapter 4 presents the iNEMI Research Committee’s consensus on the top research priorities in each of four 

research areas. Additional research needs are listed, but in no specific order. We added Sustainability as a new 

research area in 2011 in response to the increased needs from industry and the expanded agendas of research 

institutes. We eliminated Systems Integration as a research area because it is the foundation of iNEMI’s 

approach to technology development and is woven throughout all research areas. 

Chapter 5: Conclusions and Recommendations 

Chapter 5 highlights the importance of the iNEMI Research Priorities and iNEMI Roadmaps for keeping our 

industry vibrant and growing. It also requests that the research community become engaged with iNEMI 

members to develop proposals that will lead to future growth. 
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Chapter 2: Research Needs to support iNEMI Technology 
Implementation Groups (TIGs) and Current Projects 

2.1 Semiconductor Technology & More than Moore 

One goal of the iNEMI consortia effort is to speed the introduction of new technology to meet the 

performance needs and cost objectives of the electronics industry: a win-win for all participants. This 

paradigm shift to a multi-firm collaborative system will increase the performance and reduce the risks 

associated with the introduction of new technology. The focus of this activity is on electronic packaging. A 

number of iNEMI members identified the need for a consortia effort to develop a systems approach to 

electronics packaging for the new generation of System in Package (SiP), System on Chip (SoC), Thru 

Silicon Vias (TSVs), and 3D Packaging. Development of a new generation of high density interconnect 

substrates for packaging, based on a systems approach rather than optimizing at each level of the supply 

chain, was required. In November 2009 iNEMI held a workshop in Narita, Japan with leading firms from the 

US, Japan, Taiwan, Korea, Singapore, and China to identify the first steps needed to evaluate this new 

approach. In 2010, six iNEMI R&D projects were initiated as an outcome of the November 2009 workshop. 

iNEMI has established an objective to accelerate the adoption of new packaging technology by conducting 

reliability evaluations of alternative technologies, developing industry specifications for different product 

segments, and communicating needs to the supply chain. However, iNEMI miniaturization projects will not 

develop proprietary packaging technology, such as TSV processes. 

Miniaturization and electronic packaging for mobile computing, communication, and sensing will drive an 

increasing diversity in materials, designs, assembly process technologies, testing, and standards. 

Miniaturization will drive not only semiconductor technology but also research as far ranging as technologies 

for 3D integration, such as TSVs and SiP components; new board materials and designs to support decreased 

pitch, higher frequencies, and higher I/O counts; new materials and designs for printed electronics; and nano-

materials and structures to support a post-CMOS (Complementary Metal-Oxide-Silicon) “More than Moore” 

world. 

2.1.1 Semiconductors 

The predicted end of traditional CMOS semiconductor scaling has generated significant reverberations in 

approaches to and structures of electronic 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 

system’s throughput metric. The emphasis has changed from “how fast can it go” to “how much can it do.” 

Traditionally, the ITRS Roadmap has focused on the continued scaling of CMOS technology. However, the 

industry has reached the point where scaling planar CMOS is facing significant challenges. The 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. Introduction of new material systems as well as new device architecture, in addition to 

continuous process control improvement, are needed to break the scaling barriers. 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. While CMOS is (and will remain) the industry workhorse up 

to and beyond the year 2020, it is difficult for most people in the semiconductor industry to imagine how we 

can continue to afford the historic trends of increasing process equipment and factory costs for another 

decade. 

 

2.2 Packaging 

Increasing signal speeds, miniaturization, higher signal density, and harsher environments are among the 

many challenges facing advanced electronics packaging now and in the future. Using innovative new ideas 
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and new technologies, these challenges can be met. New high performance dielectric materials, innovative 

package construction using structures such as Z interconnect, and thin power cores can lead to increased 

signal density and increased signal speeds. 

In the 2013 iNEMI Roadmap there is increased focus on “More than Moore.” 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. Package integration is 

starting to evolve into system integration, leveraging the system on chip, wafer level packaging, and 

embedded passives and actives on organic substrate technologies. Convergent micro and nano systems will 

have not only digital and portable wireless electronics but also bio electronics and sensory functions. Chip 

package co-design and considerable integration of digital, RF, optical, sensing, and biological functions in 2D 

and 3D architectures will be realized for systems that range from medical technologies to photovoltaics and 

telecommunications. These technologies will require advanced materials and structures with enhanced 

electrical, thermal, and thermo mechanical properties and cost-effective advanced manufacturing processes. 

Organic packaging fabricators are facing customer demands to provide finer line and space, smaller vias, with 

sequential build-up layers for semiconductor packages together with low loss high speed interconnects with 

wide line and space and large connectors for high performance cards and boards. Packaging innovations are 

essential in meeting the conflicting requirements of computing system densification, demanding high speed 

switching performance with serious SI/PI challenges. 

In order to accomplish these goals, new materials such as polymers with ultra-low dielectric loss, lower CTE, 

lower moisture up-take, higher Tg and lower dielectric constant have been developed. Novel interconnect 

structures, embedded passives layers and non-traditional PWB construction technologies leading to superior 

SI/PI performance. Embedded passives ( not discussed in this paper) are also providing packaging designers 

with valuable tools in meeting product packaging densification and  SI/PI improvement goals. 

2.2.1 3-D Packaging 

3-D packages are currently in large volume production and are used mainly in handheld devices. Smart 

phones in particular may use 20 CSPs of various kinds, such as stacked die, package on package (PoP), 

package in package (PiP), and system in package (SiP). These may also be combined with embedded 

components where functionality dictates. Demand has stayed robust because of increasing functionality 

demanded by consumers. 

Through Silicon Via (TSV) technology is the next wave of development and many companies worldwide are 

working to bring product to market. Initially being developed for high-value processors such as logic and 

image sensors, its wider application to memory will be driven by cost trade-offs. Prismark’s 2013 forecast is 

for 6 million 200mm wafer equivalents. 

Consumer drivers for the evolution of 3-D packaging in handheld applications are, as expected, “thin” and 

“lightweight;” in other words “form factor” is an important feature. Performance drivers include minimizing 

interconnection delay and increasing bandwidth to cope with multi-core processing architectures. 

Implementation issues derive from the complexity of the structures and the availability of practical design 

software, thermal management solutions, and test management. 

3D, SiP technologies help to make packages smaller and lighter weight, and can increase signal speed by 

reducing large electrical parasitic features. In many new designs, a mixture of both wide lines for RF (multi-

Gbps) signals and narrower lines for standard digital signals (1, 3, 4) must coexist in various packaging levels. 

It is vital that systematic analysis, modeling, and thorough investigation of the physical design and fabrication 

choices of packaging at all levels be conducted from project inception with respect to their effects on SI/PI on 

interconnects, manufacturability and costs. 
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Major technologies in need of development for 2.5 and 3D include test methods, reliability standards, and 

tests which will emulate products in the field. 

2.2.2 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. In addition to these product-specific attributes, there are general requirements for 

environmentally friendly materials systems that use low energy processes. While traditional technologies have 

focused on materials systems for electronic performance, future materials requirements will need to embrace 

optical, mechanical, and chemical performance for electro-optical, electro-mechanical (MEMS), and chemical 

and bio sensor systems, respectively. In order to achieve the advanced packaging of the future we do not 

anticipate the use of prepreg materials for either boards or organic substrates due to increasing interconnect 

density requirements. Advanced fillers for nano composites and nano engineered materials with property 

improvements that are not possible with micrometer-sized fillers, such as low CTE with high toughness, high 

electrical conductivity with low thermal conductivity (high ZT), and high compliance with high current 

carrying capability promise to meet some of these enhanced performance requirements. Much of the 

discussion in Chapter 3 addresses research directly associated with miniaturization, including design, 

manufacturing processes, materials, and reliability. 

In order to accomplish these goals, new materials such as polymers with ultra-low dielectric loss, lower CTE, 

lower moisture up-take, higher Tg, and lower dielectric constant will need to be developed. 

2.2.3 Substrates 

Novel interconnect structures, embedded passive layers, and non-traditional PWB construction 

technologies are resulting in superior SI/PI performance. Embedded passives (not discussed in this paper) are 

also providing packaging designers with valuable tools for meeting product packaging densification and SI/PI 

improvement goals. 

2.2.4 Manufacturing Equipment 

Increasing signal speeds, miniaturization, higher signal density, and harsher environments are among the 

many challenges for advanced electronics packaging now and in the future. Using innovative new ideas and 

new technologies, these challenges can be met. New high performance dielectric materials, innovative 

package construction using structures such as Z interconnect, and thin power cores can facilitate increased 

signal density and increased signal speeds. New manufacturing concepts should emerge in which operator 

handling will be very minimum or eliminated. Concepts to consider are CFM (Continuous Flow 

Manufacturing) and Roll to Roll manufacturing. Other identified needs are equipment and processes to 

handle thinner wafers and die and to place die on these thin wafers. 

 

2.3 Board Assembly 

Board assembly is a critical part of the supply chain. It accounts for most of the direct material cost and is 

closely associated with component packaging, interconnection, inspection, thermal management, final 

assembly and environmental compliance. Based on the product sector emulators provided for this Roadmap, 

there are four main common drivers for development in Board Assembly processes: 

 Conversion Cost Reduction 

 Reduction in New Product Introduction (NPI) Time 

 Increased Component I/O Density 

 Transition to Environmental and Regulatory Requirements 
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These drivers are affecting business environments, manufacturing technology, and research needs. One of the 

profound business environment impacts of the product sector drivers is the higher level of service demands, 

or opportunities, placed on the contract manufacturers by the original equipment manufacturers (OEM). 

Today’s electronic manufacturing service (EMS) companies are expanding their offerings to include services 

in a wider range of a product life cycles, such as product design, HW and SW verification, product support, 

installation support, and field service support to emerge as joint design manufacturing (JDM) or own design 

manufacturing (ODM) companies. 

There are also an increasing number of situations in which the presence of barriers to implementing new 

processes or technologies is a business issue as opposed to a technical uncertainty. For example, with research 

and development (R&D) responsibility transitioning to the EMS companies in low cost geographies, 

government, academia, and industry consortia will need to formulate ways to adopt and develop emerging 

technologies (such as nanotechnology) into the board assembly process in the global outsourcing 

environment. 

The demands for cost reduction and consequent lower margins in this segment are driving consolidation 

among EMS companies. Surprisingly, this trend has not yet caught up with materials suppliers. Increased 

energy costs, increasing labor costs, especially in China, and increases in transportation costs, coupled with 

regional demand increases, are causing board and final assembly facility locations and capacity build-ups to 

be re-examined. With increased Asian manufacturing sophistication, Asian end product demand is increasing 

dramatically, driven by increased consumption in China. In addition, with other Asian regional product 

development needs increasing, companies are establishing R&D facilities in greater numbers in Asia. This 

trend is likely to continue. 

For the Board Assembly process, the following research priorities have been identified: 

 To support the future product functionality forecast by the product emulator groups (PEG’s), the 

printed circuit board (PCB) or substrate segments need to have low cost, fine line technology 

available. Government, consortia and academia need to concentrate research funding on solving this 

problem. 

 Manufacturers of System-in-Package (SiP) will be required to continued process development on 

01005 passive component packages. Shrinking product form-factors, along with higher component 

I/O densities, will continue to drive higher placement densities. This will impact the requirements for 

enhanced metrology management to maintain the sub 50 and 30 micron accuracies now required for 

micro chip and fine-pitch mounting respectively. 

 The widening range of required paste volume deposited on mixed technology assemblies is pushing 

traditional stencil design rules to their limit. There is a need for stencil, printing, and materials 

technologies to increase the consistency of the deposit. To meet the needs of future products, non-

traditional technologies for solder paste deposition may need to be developed. 

 Inspection and test technologies need to keep up with the increasing density of board designs and the 

complexity of component packages. 

 Substrate technologies also need to be able to keep up with the increasing density of board designs 

and miniaturization. The issues of CTE (coefficient of thermal expansion) mismatch at the 2nd level 

interconnect, package warpage, and resulting assembly problems, need to be addressed. 

 Lead-free wave and selective soldering requires an increase in the process temperature. However, the 

existing wave flux materials, especially VOC-free and halogen-free flux materials, are not well 

designed for lead-free high temperature processes. More research will be needed to improve the flux 

material for lead-free wave and selective soldering processes. 

 In order to ensure temperature sensitive component survival and prevent PTH connector body 

melting, plastic material changes are generally required for high reliability, high complexity 

applications. 



iNEMI 2013 Research Priorities: Chapter 2 

 

 

4 

 

 With the advent of wearable computer products, Direct Chip Attach (DCA) to the board will be 

needed, requiring new solder processes for new termination geometries (such as Cu Pillars, bumps) 

that are effective at pitches of 0.3mm and below. Of course, very thin die level components warp 

significantly at reflow temperatures and this necessitates different reflow technologies (such as 

thermo-compression bonding) for soldering them to printed boards. 

 Nano solders and nano conformal coatings to reduce processing temperatures and impart key physical 

properties have also been identified as a critical need for several roadmaps. One possible alternative 

would be low cost electrically conductive adhesives (such as those based on graphene/graphite or 

copper fillers). Another need is for transparent assembly materials for wearable computers. 

 

2.4 Test 

There is a critical need for research in the areas which support process and product testing concurrent with the 

development of new materials, design technologies, and product architectures and features. 

New materials in devices, printed and flexible boards and substrates, interconnects, and signal integrity 

support elements such as resistors, capacitors, clock mechanisms, and more each come with new performance 

characteristics and accompanying fault spectrums. Intensive evaluations of these new materials by the 

research community must be accompanied by the creation and evaluation of physical samples that allow 

measurement and characterization of true performance and of the potential fault spectrum of these new 

materials as they interact with their partner system materials and to assess how they perform in meeting the 

electrical and mechanical requirements of the intended design. With the trend towards denser and more 

integrated components and features and the need for decreased operating voltage levels, it is increasingly 

important to concurrently develop test strategies and verification techniques. This simply can no longer be 

done effectively as a follow on step. Physical nodal access is rapidly becoming less possible and less useful. 

A more effective approach is design-for-test techniques accompanied by simulation and modeling that both 

characterizes what the potential fault spectrum will be for new materials and designs and physically designs in 

the access and testability features required for device, board, and system level verification. The research 

community has a significant need for CAD/CAM tools that have the built-in capability to simultaneously 

design both the product and its respective test features and functionality. This ability to concurrently develop 

materials and design products, while designing in test capabilities is the highest priority research need in 

support of test. 

Similarly, there is a need for integrated design and test to support 2.5D and 3D packaging solutions. Complex 

3D devices may include high performance memory, processor, glue logic, security features, and system on a 

chip elements. The combination of specific types of each of these elements are endless and the challenges to 

access them and determine if all elements are properly assembled, all connections through TSV and other 

options are internally sound, that full functionality exists at speed, and that all security features can be 

accessed and verified needs to be architected and defined systematically. These test strategies and approaches 

must be designed in parallel with the package and silicon design. Effective examples of concurrent design and 

test approaches include built-in self-test (BIST), and designing in features that support existing and 

developing test standards, such as the IEEE P1838 interface set, the 1149.6 test standard, and P1687. The 

ability to access and control these features at the board and system level will be the fundamental key to 

success in the long term. 

There is also a need for the simultaneous development of test and metrology for nano-materials and their 

unique characteristics. Additional research is needed in new materials to support physical teat access. Areas in 

need of research include low impedance and high accuracy precision probing technologies, sophisticated 

capacitive coupling technologies, and finer resolution video (example x-ray) imaging capabilities that can 

quickly, reliably, and repeatedly measure for product defects. 
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2.5 Organic Interconnection PCB 

Organic interconnection PCBs consist of different size substrates and include modules, portable boards, 

product boards and backplanes. The cost expectations from the product sector emulators may be difficult to 

achieve in North America or Europe. In today's market, the so called standard FR-4 is gradually disappearing. 

The replacement is still an epoxy, resin based material, however, resin fillers and inclusions of other resins 

provide a variety of choices. 

The drive toward lead free solders has changed the surface finish characteristics for the printed board 

delivered to the assembler. Some proponents of the issues suggest that recycling, or take-back techniques, are 

a more desirable solution for the environment as opposed to dumping lead-free and restricted bromine-free 

products. These options are being explored and discussions are underway on how products should be labeled 

in order to assist the recycling efforts. 

Environmental organizations are pushing to eliminate certain bromines as flame retardants in laminates, while 

the move to lead-free solders means higher soldering temperatures that the printed board must withstand. 

Generally, laminators all over the world have developed different replacements in order to meet the high 

temperature requirements needed in the assembly processes. A new requirement for laminate is the time to 

decomposition (Td), which is being used to define the process temperature window. The higher the Td, the 

greater the number of exposures the material can survive in the assembly process. With all the changes in the 

substrate chemistry, the effect on long term reliability and substrate degradation continues to be of concern. 

Passive and active components that are buried inside the printed circuit board are needed for both wiring 

density increases and for electrical performance reasons. There are several efforts underway in the industry to 

develop processes that address the simplification of these processes since sequential process steps usually 

incur additional costs. The CAD systems and the board fabrication infrastructure are not as ready as they need 

to be to support full implementation. 

As product life cycles continue to decrease, there is discussion about application specific reliability 

requirements that could affect board reliability testing. There is a certain amount of confusion as to who is 

responsible for the testing. With all the OEM outsourcing of board and assembly manufacturing, who should 

make the decisions for Burn-in, HASS (Highly Accelerated Stress Screening), and HAST (Highly 

Accelerated Stress Testing) is an ongoing discussion between customers and suppliers. 

The printed board industry is no longer dominated by captive fabrication facilities. It is an industry dominated 

by many small independent board fabricators, with today’s model of the EMS giants acquiring printed board 

fabrication facilities. This brings a new challenge to the industry; the need to obtain a prototype from one 

supplier, and then go to another for high volume. 

2.5.1 Gaps and Showstoppers 

The major showstopper affecting the interconnect industry is the loss of captive R&D. The precipitous decline 

in substrate R&D investment does not bode well for meeting the ambitious emulator density and cost targets. 

In addition, the following items must be addressed: 

 Electrical test 

 Dimensional consistency/stability 

 Understanding the true cost/performance relationship 

 Two-way communication between designers/engineers and manufacturing personnel 

2.5.2 Paradigm Shifts 

Emulators for the various sectors track desired OEM needs in product interconnection density, component 
density, cost, power dissipation, and frequency of operation over the years of scope. Given the state of the art 
of interconnection substrates, it is important to consider: 

 What is common in the present technology base 
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 What is technologically possible within the limits of today's technology 

 Where today's technology can "stretch" to in the near future 

 Where the emulators point to disconnects with existing technology with respect to the emergence of 

new, cost competitive technologies or paradigm shifts 

A number of potential paradigm shifts could occur as a result of efforts to reach interconnection density 

targets under the expected cost constraints. These paradigm shifts, if they occur, will require new materials 

and processes beyond those in today's industry. One of the most significant paradigm shifts that may occur is 

sequential boards. Other possible shifts include: 

 Deposited copper boards requiring: 
 New materials 

 Significant capital investment 

 New control technologies. 

 Non-reinforced substrates 

 Non-woven substrates 

 Imprint Patterned Circuits based on stamped technology 

2.5.3 Research Needs 

Difficult Challenges Summary of issues 

Overall challenge 

 

Roadmap quality goals and metrics need to be defined for 
a substantial number of Environmental Safety and Health 
technology requirements 

High Performance Laminates 

 

o Need for high-performance laminates that are 

competitively priced 

o Low dielectric constant 

o Low loss  

o Improved dimensional stability materials 

o Understand moisture absorption and its effects on 

properties 

o Understand aging and long term effects on newer 

resins, polymer additives, and flame retardants 

o Higher modulus glass materials for reduced PCB 

Warpage 

 

Testing 
o Need for new non-contact testing techniques and cost 

effective electrical tests 

o Need for better backplane test methodologies 

Optoelectronics There is a need for an optical waveguide technology that 
will withstand the heat and pressure of the lamination. 

Processes & Miniaturization 
o Need to establish the fracture toughness of resin in 

order to evaluate pad cratering or interfacial 

debonding. 

o Develop Ultra Low Dk dielectrics for thin HDI PCBs 

 

Coating Quality and Performance 
o There is a need to understand liquid applied stencil 

coatings and vapor applied OSP substitutes  

Managing Filler Content 

 

There is a need to understand the impact on drilling, laser, 
thermal, dielectric, mechanical, optical and other 
properties. 
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2.6 Opto-Electronics 

As data rates rise, optical technology continues to displace copper for data transmission over shorter 

distances. The higher the data rate required, the shorter the distance over which optical methods become 

superior. A key driver of the demand for data transmission capacity is the internet because traffic is increasing 

approximately 50% per year. The increased demand results from increasing video traffic. 

The 2013 iNEMI Roadmap chapter divides optical data transmission into 10 applications: 

 Telecommunications 

 CATV and FTTX  

 Local Area Networks 

 Plastic Optical Fiber (POF) (Automotive) 

 Active Optical Cables 

 Backplanes 

 On-Card 

 In-to and Out-of Package  

 On-Chip 

The table below summarizes the critical issues, gaps and show stoppers, and technical needs for these ten 

applications. 

Table 2.1: Critical Issues, Gaps and Show Stoppers, and Technical Needs 

Application Critical Issues Gaps & Show Stoppers Technical Needs 

Tele-

communications 

Capacity demand Legislation banning key materials 

such as GaAs. 

Methods to transmit more data through 

existing fiber.  

Cost RF and electronic solutions. Low cost, high volume manufacturing 

methods. 

LANs Competition with 

wireless technology 

Transceiver size with current 

technology at higher (100+Gb/s) 

data rates. 

Higher speed (100Gb/s and up) 

transceivers. Low cost multiplexing 

methods. 

Cable TV Growing demand for 

bandwidth 

Transmitting more data within the 

classic 1 GHz bandwidth of 

CATV. 

More bandwidth to the end user at low 

cost. New standards to replace CATV. 

FTTX Cost  Cost More bandwidth to end user.  

Active Optical 

Cables 

Reduce power to save 

space in data centers 

Initial hardware cost vs copper. 

Limited data rate of ~ 20 

Gb/VCSEL. 

Ability to handle up to 160 Tb/s. 

Reduced power and size. 

Plastic Optical Fiber 

(POF) Automotive 

Increased 

volume/adoption. 

Inability to compete with glass 

fiber or single mode technology.  

POF with less than 125 db/Km of 

attenuation at temperatures over 125C. 

Backplane Cost vs electrical 

methods 

Improvement in copper methods. 

Lack of a suitable hardware 

architecture. 

Cost effective technical solution. 

On-card Data density (Gb per 

mm2 or Gb per mm), 

cost 

Excessive E/O and O/E 

conversion cost and power 

consumption. 

Reliable modulated optical source. 

Small, high density assemblies for 1Tb+ 

data. 

In-to and Out-of 

Package 

Cost vs electrical 

methods 

Continuing improvement in 

copper methods.  

Cost effective solution, especially 

developing the optical link, to provide 

1Tb+ data rates. 

On-chip Performance gain vs. 

Through Silicon Vias 

and carbon based 

interconnects 

Inability to compete with the 

electrical alternatives. 

Cost effective technical solution, 

especially a light source. 

 

 



iNEMI 2013 Research Priorities: Chapter 2 

 

 

8 

 

2.7 Environment 

Global environmental issues and the resulting stakeholder concerns across product lifecycles are accelerating 

the demand for environmentally sustainable electronics (ESE) products which address an increasing number 

of dimensions and metrics related to sustainability of electronics. These dimensions and metrics include 

rapidly evolving materials restrictions, energy-efficiency, product carbon footprint, and end-of-life 

stewardship. These dimensions reflect the growing realization that being “environmentally conscious” as we 

previously interpreted it is no longer enough. Sustainability and sustainable development defined by the 1987 

UN Brundtland Commission as “development that meets the needs of the present without compromising the 

ability of future generations to meet their own needs” will be necessary to continue to enjoy the prosperity 

and standard of living that modern electronics provide. 

The global environmental issues that are driving this change in approach include climate change, access to 

clean water, the global proliferation of e-waste, and the removal of hazardous materials from electronics. 

Conflict free materials sourcing and materials demand and availability issues are also fueling this change, 

with a currently critical example being availability of indium and rare earth metals. In the last two years, these 

and related topics have become a focus of discussion and action within the electronics industry and its supply 

chain, governments worldwide, and non-governmental organizations (NGOs). These issues are influencing 

policy makers, advocacy groups, and consumers to demand greater transparency from manufacturers on the 

environmental aspects of electronic products and, for the longer term, to understand the global implications of 

seemingly “green” choices which have net negative unintended consequences when the full life cycle is 

evaluated. 

Underlying this need for transparency and greater understanding is the requirement that the basis for choices 

requires effective, credible, and workable scientific methodologies to assess the true environmental impacts of 

materials and designs and potential trade-offs of alternatives across their life cycles. These tradeoffs require 

the entire product life cycle to be evaluated, from extraction and manufacture of input materials to product 

manufacturing, transport and logistics, product use, and end of life management. 

In the 2013 ECE Roadmap, leading electronics firms have recognized that the Information and 

Communications Technology (ICT) industry must work collaboratively to create global solutions for more 

energy efficient and sustainable electronics, to ensure the materials and manufacturing practices deployed 

within the ICT industry are themselves sustainable, and to develop new electronics technologies for solving 

broader environmental challenges across the economies of the developed and developing world. 

2.7.1 Materials 

The electronics and electrical industry continues to be subject to a proliferation of laws and regulations that 

seek to restrict the use of certain materials in electrical and electronic equipment (EEE) due to human health 

and environmental concerns. 

To date, the largest impact to materials use in EEE has been the Restriction of Hazardous Substance (RoHS) 

legislation and its offspring in all parts of the world. A list of current exemptions and their scope and dates of 

applicability is included at the end of this section as Appendix 1. Additionally, several jurisdictions are 

implementing general legislation focusing on chemical use in articles, such as the European Restriction, 

Evaluation, and Authorization of Chemicals (REACH) Directive and the substances of high concern 

candidate list of 510 substances identified since 2007. That list can be found at 

http://www.echa.europa.eu/web/guest/candidate-list-table. REACH has a similar US equivalent; the EPA 

Toxic Substances Control Act (TSCA). You can learn more and get that list of 80,000 substances by going to 

http://www.epa.gov/oppt/import-export/pubs/12blist.html. While these are not solely focused on electronics, 

they are driving change across all using industries by requiring information and restricting chemical use, 

inclusive of electronics. 

In addition, the industry is also facing new “market driven” initiatives that seek to encourage EEE producers 

to phase out or reduce the use of certain materials due to actual or perceived environmental risk. Eco labels 

http://www.echa.europa.eu/web/guest/candidate-list-table
http://www.epa.gov/oppt/import-export/pubs/12blist.html
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such as TCO and Blue Angel as well as green procurement requirements such as the EPEAT, which uses the 

IEEE 1680 body of standards, or UK Government Buying Standards, set requirements for substance use and 

exert real market pressure in the ICT space. In addition to labels and standards, some NGOs such as 

Greenpeace and ChemSec publish guides for greener electronics and lists of substances they would like to see 

eliminated. 

While the industry has been actively researching alternatives to using certain materials, including the 

voluntary adoption of BFR/CFR and PVC alternatives, significant challenges have arisen when trying to use 

some of these alternatives. In some cases the alternatives are easy to adopt as drop ins, especially if the core 

material is PC/PC/ABS or ABS. However, in most cases, such as those in which the inherent flame-retardant 

characteristic is PVC, PA66, and LCPs, the alternatives become either difficult to tailor to customer 

requirements or cannot be used at all without costly manufacturing changes. For example, if a customer wants 

a specific color for a connector or cable, the mechanical or safety standards are varied and this can 

dramatically affect the manufacturer’s, molder’s or extruder’s efforts to deliver the part or subassembly. In 

this case, more work needs to be done to develop more manufacturing friendly processes or raw material 

bases as alternatives. 

For the first time, the electronics industry is being asked to tackle social issues that have a materials element, 

but are not directly related to environmental issues. A good example of this is the “conflict minerals” issue. 

Because of the ongoing conflict in the Democratic Republic of the Congo (DRC, formerly known as Zaire), 

electronics manufacturers are being asked to track the origin of gold, tungsten, tantalum, and tin in their 

products, as the proceeds from the sale of these products from illegal mines in the region are often used to 

finance illegal militias and fuel further instability in the region. The recently enacted Dodd-Frank Wall-Street 

Reform Act of 2010 requires that electronics manufacturers in the US track these minerals and report when 

their products are not “conflict free.” 

Regulation of nanomaterials continues to evolve and regulations are emerging requiring registration of 

nanomaterial. Standards help to avoid miscommunication and inconstancy in interpretation. To ensure 

efficient communication, valid testing techniques and low cost effective protocols are required of companies. 

It is prudent to develop a definition, standard, and test protocol that is as clear and simple to execute as 

possible in order to meet these qualitative requirements. 

2.7.2 Energy 

Since publication of the last iNEMI roadmap, there has been a significant increase in international, federal, 

and state energy efficiency mandates that target electronic products. Unfortunately, there has not been a 

resulting convergence in standards, test procedures, and compliance methods. Inconsistent metrics, 

verification and testing methods, and marking requirements continue to raise concerns about market access 

delays, increased costs, and an uneven marketing playing field. Therefore, a remaining gap continues to be the 

lack of standardized metrics, test procedures, and verification methods for demonstrating compliance with 

global energy efficiency requirements for electronic products. 

In addition, much of the energy efficiency legislation that has emerged around the globe focuses on the 

energy consumption of discrete end-user products during their various modes of operation. The challenge the 

industry currently faces is the proliferation of networked devices and wireless connectivity, which pose new 

models for energy consumption. Regulators are trying to address the energy consumption of networked 

products, however, these efforts are often inadequate in addressing the diverse functionality and unique 

attributes of these products. There is significant concern that the current governmental trend to combat 

product energy efficiency could result in unintended consequences that could threaten product functionality 

and innovation. Therefore, there is an existing gap in the ability of the traditional regulatory framework to 

address complex networked products. As governments around the globe try to combat increased energy 

consumption due to networked devices, they may inadvertently institute policies that reduce innovation and 

product functionality that could achieve energy efficiency benefits. New models must be developed to provide 
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governments with solutions that recognize new areas of connectivity, such as how to express and measure 

energy efficiency of wireless broadband equipment. 

Finally, the growth of smart grid and cloud computing models are certain to continue and the industry needs 

to evaluate the energy consumption posed by these new computing and connectivity models. If these methods 

truly have the potential to reduce energy consumption through consolidation, increased efficiency, and the 

enabling of “smart” devices, the industry needs to develop credible tools and metrics to measure and verify 

such reductions as well as potential policy tools to promote their deployment. 

Research to increase the energy efficiency of electronics will continue to be a dominant driver for all 

electronic products and the sectors they serve. Rising awareness about energy dependence, rising oil prices, 

and climate change all contribute to bringing this issue to the forefront. Product carbon footprint (PCF) links 

environmental impact to energy efficiency, making development of credible, workable methodologies and 

supporting data for energy efficiency and PCF a priority for the industry. 

Research in new technologies and designs that can improve energy savings across broad economic sectors in 

the developed and developing world should be supported. Of particular importance is obtaining better 

quantification of the impact of the use phase for electronic products. This applies not only to systems whose 

primary function is electronic but also to energy, water, light, and transportation systems for which electronics 

are key enablers of improved energy efficiency and reduction of system carbon footprint. 

2.7.3 Recycling 

The need for responsible end of life management of obsolete electronics is increasing across the globe. 

Drivers include a rapid expansion of resource conservation policy frameworks, governmental laws and 

regulations, public-private partnerships, and various market demands, all of which are resulting in greater 

volumes of material being diverted from landfills. Environmentally sound recycling returns valued 

commodities back to global markets in a manner protective of human health and the environment. But with 

the increase in recycling comes new technological, business, and social challenges for the global electronics 

industry. 

The challenges of responsible end-of-life management through end market disposition, trans-boundary 

movement of illegal exports, declining markets for select commodities combined with increased demand for 

scarce resources, and finally inadequate recycling infrastructure resulting in potential adverse impacts on 

human health and the environment have all led to increased public awareness and concern. This in turn has 

put e-waste on political agendas internationally, and mandates are unfolding in numerous ways; transnational, 

national and sub-national, public, and private. In reality, however, there are only a few dozen countries that 

are in a position to look back several years on the e-waste management policies they’ve instituted and assess 

the impact of their actions. 

Extended producer responsibility policy frameworks in particular have proliferated to every continent. Under 

these policies, producers, also known as manufacturers or, in many instances “brand owners”, are required to 

establish and/or finance the recycling of end of life electronics. There is wide variation in how governments 

prescribe these requirements, forcing businesses to contend with a global patchwork of varying legal 

requirements. 

A patchwork approach to regulations, recycling methods, and product eco-design continues to impede the 

development of a sustainable infrastructure with a viable recycled materials market for use in new products 

and applications. The lack of harmonized legislation and regulation with respect to recycling and extended 

producer responsibility leads to increased environmental, social, and economic costs and a serious logistical 

problem for the electronics industry. 

Harmonization is therefore a priority for the electronics industry as it leads to a more widespread and 

hopefully sustainable infrastructure. As with every stage in the electronics life cycle, this stage needs to be 

based on a widely recognized and accepted approach to technically sound assessment methodologies. These 



iNEMI 2013 Research Priorities: Chapter 2 

 

 

11 

 

methodologies should quantify environmental, economic, and supply chain impacts of materials, designs, and 

processes as they relate to recycling, reuse, demanufacturing, and potential trade-offs of alternatives at other 

stages in the life cycle. 

Metals recycling and recovery continues to be the focus of recycling efforts due to their intrinsic value and the 

ability to separate them from the highly heterogeneous mix of materials in electronics. Of growing importance 

are economically viable, environmentally sound recycling and recovery processes for rare earth metals and 

other materials critical for electronics, such as In, Se, Ga, Ge, Cd, Te, and Cd. In addition, processes that yield 

separated high-purity base metals, such as iron, aluminum, and copper, and nonmetal materials from sorted 

electronic equipment and components are needed. 

Achieving this will require consensus eco-design standards to be developed and implemented that take into 

account an integrated DfX, where X refers to performance, manufacturing, environment, economics, and 

recycling. From such an approach, better data and models must be developed to understand their linkages and 

interdependencies which should lead to increased efficiency and innovative processes and technologies for 

recycling and recovery that decrease product environmental impact. A continuing source of concern is the 

poor recyclability of polymers in electronics. DfX-based eco-design of polymers in electronics should be 

combined with the development of more cost-effective polymer sorting methods and technologies and the 

establishment of markets for the recovered polymer, including new electronic applications for postconsumer 

blended plastics. 

2.7.4 Eco-Design 

In the last few decades, the concept of eco design has evolved from end-of-pipe technologies through cleaner 

production to a holistic approach aiming to minimize adverse environmental impacts throughout a product's 

entire life cycle. The term design in this context includes activities associated with the processes of product 

planning, development, and decision making. Eco design is not a separate design activity, rather it is an 

integral part of the existing design process. 

Eco design of EEE is driven by regulations, standards, and the market, including pressures from Non-

governmental Organizations (NGOs). Main regulatory drivers for eco design are focusing on materials (e.g. 

RoHS), energy use (e.g. ErP), and recycling (e.g. WEEE). 

A number of standards for eco design have emerged over the last several years, including IEC 62430 

(Environmentally Conscious Design for Electrical and Electronic Products) and IEC 62075 (Audio/Video, 

information and communication technology equipment – environmentally conscious design). Most useful to 

designers are the eco design checklists, which list the dos and don’ts. While both standards have surely found 

their application in the ICT world, it is hard to assess how much they have contributed to better eco design 

processes in companies or better eco designed products. 

Market drivers include eco labels as well as green public purchasing standards and criteria. Eco labels such as 

Blue Angel and TCO drive eco design by consolidating consumer and institutional market demand for 

greener products behind a common definition of green. Thus, eco labels help define voluntary standards for 

environmental stewardship, enable manufacturers to differentiate, and provide customers an additional set of 

criteria to use in choosing electronic products. EPEAT serves the same functions as an eco label but, because 

of its large and growing use by institutional purchasers worldwide, it is sometimes seen as a public purchasing 

spec. Green public purchasing standards, such as UK GBS or the EU’s GPP Criteria, help institutional buyers 

choose products with reduced environmental impacts. 

Other market drivers include the activities of the Sustainability Consortium (TSC) and of environmental 

NGOs, most notably Greenpeace. TSC has grown out of a WalMart initiative and aims to develop a 

sustainability measurement and reporting standard (SMRS) for a very wide range of consumer products, 

including several types of consumer electronics. The SMRS is intended to be a tool used by retailers to help 

inform their dialog with their suppliers. If electronics retailers widely adopt the SMRSs, they could influence 

eco design of consumer electronics. Similarly, Greenpeace's “Guide to Greener Electronics” ranks global ICT 
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manufacturers on their policies and practices to reduce their environmental impact. It is not clear how much 

influence the Greenpeace guide has on consumer buying behavior, but the Greenpeace organization claims 

their rankings influenced some OEMs to adopt green business strategies, some of which relate to product 

design. 

There are still too many eco labels and green standards, but the rate of proliferation seems to be slowing, 

perhaps partly due to EPEAT's success. EPEAT is increasingly the globally accepted green procurement/eco 

label for electronics. It is used by eight national governments and hundreds of local governments, universities, 

public companies, and a growing number of consumers. Consumer recognition of EPEAT has been low, but 

should increase with the recent media attention and increasing partnerships with leading electronics retailers. 

Cross certification between green procurement/eco label bodies is still rare. With publication of both the IEC 

62430 and IEC 62075 standards, the gap on international eco design standards has also been closing. 

However it is unclear how accepted, practical, and workable these two eco design standards really are. We see 

a gap on sharing of best practices and in enabling designers to focus on the critical few aspects (not 100 

measures, top 10 only). One further challenge is the product/component over-specification (reliability, safety, 

flammability etc.), which needs to be urgently addressed. Strengthening the “out of the box thinking” to 

address significant environmental aspects of products and services is core to enabling designers to come up 

with systems solutions instead of addressing single product impacts. 

With the increasing focus on resource scarcity, we see an urgent need to address activities to improve 

resource efficiency. Resources, in its broadest definition, include raw materials such as fuels, minerals, and 

metals, as well as food, soil, water, biomass, and ecosystems. The EU Commission has launched a flagship 

initiative, called A Resource-Efficient Europe, which aims to create a framework for policies to support the 

shift towards a resource-efficient and low-carbon economy. The accompanying roadmap focuses in part on 

sustainable consumption and production (SCP). Under SCP, the EU Commission aims to strengthen the 

requirements on Green Public Procurement (GPP) by establishing a common method to assess, display, and 

benchmark the environmental performance of products, or environmental footprint. Focus will also be on 

managing waste as a resource through improving re-use and recycling, termed a circular economy, and by 

introducing minimum recycled material rates and durability and usability criteria. In addition, the EU 

Commission’s Joint Research Center (JRC) has been working on a project looking at the integration of 

resource efficiency and waste management criteria in implementing measures under the Eco design Directive. 

The project develops the methodologies for the calculation and verification of 

Reusability/Recyclability/Recoverability (RRR), recycled content, use of priority resources, and hazardous 

substances for their potential use in the Eco design policies. 

2.7.5 Sustainability 

As in the 2011 iNEMI Environmentally Conscious Electronics (ECE) chapter, sustainability is again included 

as a subsection of the ESE Chapter. Sustainability has evolved quite a bit further in the roadmap. 

Sustainability is associated with the multi-faced subject of corporate environmental and social responsibility. 

In this chapter, the team has decided to define sustainability along the various product life cycles, including 

the external interfaces of a company to its supply base and customers’ Roadmap of Cross Cutting Issues. 

Sustainable development is defined by the Brundtland Commission as “development that meets the needs of 

the present without compromising the ability of future generations to meet their own needs” [1]. For 

businesses, sustainability is aligned to the 3 pillars, or what is known as the triple bottom line, of social, 

economic, and environmental sustainability, more commonly known as “People, Planet, Profit”.[2] People 

refers to the social sustainability of businesses, such as fair labor, and ethical business practices. Planet refers 

to the environmental sustainability of businesses, which are focused on being able to operate while utilizing 

less natural resources, and ensuring the safety and well-being of the environment that it operates in, all while 

balancing Profit. 
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This document will focus on the planet aspect of the triple bottom line, particularly with respect to electronics. 

There are many aspects of a product's lifecycle that should be considered when utilizing the lifecycle 

assessment framework as defined in ISO 14,040[3]. The environment is a factor, from the materials that make 

up electronic products all the way to how that product is managed at its end of life. 

 

 
 
 
 
 
 
 
 

 

 

 

Concern over the Environment has taken the front stage in nearly all aspects of life. This includes concerns 

over fresh water usage, air pollution, global warming, ozone layer depletion, and waste accumulation. The 

consequences of these environmental loadings and impacts affect the earth’s ecosystems as well as human 

health.  

Of all environmental issues, global warming is currently at the top of the international political and business 

agenda. In Europe, for example, the European Commission has committed to a 20 percent reduction in CO2 

emissions by 2020i. The Smart 2020 report cites that “aside from emissions associated with deforestation, the 

largest contribution to man-made GHG emissions comes from power generation and fuel used for 

transportation. It is therefore not surprising that the biggest role ICTs could play is in helping to improve 

energy efficiency in power transmission and distribution (T&D), in buildings and factories that demand 

power, and in the use of transportation to deliver goods. In total, ICTs could deliver approximately 7.8 

GtCO2e of emissions savings in 2020, which represents 15% of emissions in 2020 based on a BAU (Business 

as Usual) estimation. It represents a significant proportion of the reductions below 1990 levels that scientists 

and economists recommend by 2020 to avoid dangerous climate change. In economic terms, the ICT-enabled 

energy efficiency translates into approximately $946.5 billion of cost savings”ii. 

Examples of opportunities for products to enable the reduction of environmental impact include: 

 Teleconferencing hardware and software, such as WebEx or GoToMeeting, as well as Telepresence, 

Apple face time and Skype, which allow more audio and video communications and helps reduce 

auto and air travel. 

 Smarter power distribution systems, such as Smart Grid, enabling utilities to more efficiently manage 

their grids. 

 Utilizing the network to monitor and manage energy usage of office buildings. 

Environmental development practices fall under the sustainability operational definition. Eco sustainability 

has approached a point where it is considered a fundamental element of the global electronics industry. The 

key issue is its integration into the business and social aspects of a company such that it is accomplished 

seamlessly within the business strategies and technological innovation processes. The outcome of the results 

must fully demonstrate that key progress will be made in reducing direct and indirect impacts across the 

lifecycle stages of electronics products and also in social improvements resulting from adapting new 

applications driven by these future technological innovations. To such extent, all significant impacts will need 
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to be addressed and improved for the benefit of society and the environment. This will require addressing eco-

impacts beyond greenhouse gas emissions, such as water usage, land depletion, and biodiversity. Continually 

emerging social conflict issues, such as resource extraction in regions under social strife, and limitations of 

resources, such as rare earth metals, will also need to be addressed. 

The measurement of direct energy usage improvement is an issue that is being resolved through energy usage 

metrics for equipment, devices, and networks. Standards setting groups such as ATIS, ETSI, and ITU-T are 

developing such metrics, and industry and consumers are beginning to embrace their meaning. To this effort, 

eco labels will need to become internationally established so that they will provide such information in 

simple, understandable, and clear values. This should apply to the other eco impacts as well so that 

purchasing decisions can be appropriately made and propagation of “green” products can be more easily 

enabled. 

New techniques for simplifying the estimation of eco impacts are under way, with a near-term focus on 

setting the categorical rules to ensure that these estimates are meaningful but not unreasonably difficult to 

determine. Further advances in direct eco efficiency improvement, such as green sigma in manufacturing, will 

further stem the anticipated increase in the number of end-users, electronic devices, and applications. For 

instance, cloud computing has the potential to compute and store data more efficiently than multiple end-user 

PCs operating independently. However, the evaluations to demonstrate that have yet to be completed. 

Similarly, novel methods for cooling ICT equipment, such as liquid cooling, spray mist cooling, and heat 

pipes, have recently been developed, yet their potential for adoption and energy efficiency improvement are 

just beginning to be realized. 

Indirect applications, such as smart grids and metering, have the capability to provide key information to 

electricity users as to where and when to use energy more wisely in businesses and homes. Smart buildings 

have the potential to reduce their heating and cooling, lighting, and operational needs continuously and 

automatically. Key to this “smart” technology will be monitoring and reporting through sensory and 

communications networks, existing or planned. Similar to direct applications, the measurement of the eco 

impact savings for indirect applications will need to be assessed so that such progress can be monitored and 

reported. To enable this effort, eco sustainability assessment will need to further evolve and be utilized, 

accomplished most effectively through international standards-setting bodies. 

To validate the eco impact of electronics, it is essential to review the key elements of a product life cycle, 

from product development to the end of life process. 

 

2.8 Medical Electronics 

Medical electronics applications and market demand have continued to expand rapidly since the last iNEMI 

Roadmap. The drivers are the need to reduce the overall cost of medical diagnostics, prevention, and care and 

these needs will result in rapid growth of portable medical devices that are usable by large numbers of people 

and do not require a medical degree to interpret their results. There has been continued progress and growth in 

cardiac and neuro stimulation implantable markets. The medical profession continues to demand higher 

precision and larger data hungry imaging equipment in order to increase the quality of diagnostics and care. 

There is also a growing demand for and usage of sensors and MEMS in the medical market. 

In the past 18 months three iNEMI projects in the field of medical electronics have been active moving 

forward in areas where the industry is ready to deliver solutions to complex pre-competitive challenges. 

Those teams are working on defining an optimized reliability testing scheme for implantable products, 

optimized and efficient reliability test methodology for portable products, and a definition of component 

specifications for medical products that are well aligned to market quality, reliability, and availability needs. 

An additional iNEMI and SMT sponsored medical symposium in Q4 2014 will aid in the identification of 

additional project areas where the medical supply chain in poised to work together on collaborative 

development. 
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Advances in knowledge of human physical, electrochemical, and biological patterns; an increasing worldwide 

presence of medical diagnostics and therapeutics; and a shift from doctor and hospital centric to patient and 

home centric care are driving the performance, functionality, reliability, and cost of medical electronics. 

The current research approach to meeting these needs has relied on diagnostics, drug therapy and delivery, or 

electrophysiology technologies, often developed in isolation with large investments in effort, time, and 

money. With increasing global prevalence of advanced medical therapies and diagnostics, the efficacy and 

efficiency expectations are being addressed by a convergence of pharmaceutical and chemical, mechanical 

and physical, biological, electronics, and information technologies. 

2.8.1 Materials and Components 

Nano-materials have numerous potential applications in the medical electronics field. They can be used in 

clinical biomarkers, in sensors, and for advanced energy storage systems. Nanomaterials based composites are 

candidates for electrically activated muscles and exoskeletons. Interfaces between these materials systems and 

microelectronics require concurrent basic research. 

Research to promote longer life in the implantable and wearable sensor requires the investigation of power 

scavenging. Power scavenging relies on the thermal energy of the patient’s body (up to 30 micro Watts/cm2), 

or uses mechanical motion of the patient’s body (up to 10 micro Watts/cm2). Powering sensors in this manner 

is needed to extend battery life and reduce the need for higher capacity batteries. Research in this area has 

been focused on using MEMS (Micro Electromechanical Systems), piezoelectric, mechanical, and Peltier type 

devices. Using novel nanotechnology, efficiency in power scavenging is expected to increase. There is also a 

significant need for fundamental battery research that develops highly miniaturized (a few microns thick) and 

bendable batteries to support the needs of bendable and wearable medical electronics solutions. Indeed, 

radical advancements in battery sizes and efficiency for implantable applications would have a dramatic 

impact on patient comfort and acceptance. 

Biological and silicon integration is best explained as establishing the interconnection between the biologic 

device and the silicon. Examples exist in many places, such as the neurons grown on silicon that have been 

announced by the non-profit Belgium research consortium IMEC. In this research, the neurons are grown on 

the silicon to make a device that enables the transistor to monitor brain activity and to sense the activity of a 

patient with epilepsy. Once the sensor detects the onset of a seizure, the silicon transistors counteract the 

brain’s erratic electrical impulses with specific trains of frequency, current, and time, thereby curbing the 

severity of the seizure or even repressing it all together. In another example of collaboration, a joint project by 

the University of Illinois and the University of Pennsylvania shows the application of a surface electrode 

array to a heart for distributed sensing and pacing. Although these examples demonstrate the beginnings of 

the interconnection between the biological and electrical worlds, they are only the beginning. With the tools 

of nanotechnology and design, one can foresee the interaction of silicon devices with muscle tissue to 

reconstruct the neurological damage associated with spinal cord injury or muscular dystrophy. A greater focus 

in this research area is needed to make progress toward solving many of the crippling diseases that impact 

mankind. 

As the imaging expectations for quality increase, the level and power of magnetic fields created by MRI 

devices will also grow rapidly. Thus, additional research on MRI compatible materials for implantable 

devices is needed and should be closely coordinated with the OEM device and MRI manufacturers. 

 

Research is also needed in the medical device interoperability and wireless radio development space. Ultra 

small radio transmission is required for such things as ingestible pills and advanced wearable and flexible 

sensor arrays. Additionally, ultra-low power (due to battery constraints) Near Field Communications (NFC) 

transmitter research is needed such that signals are reliability delivered to receivers a short distance away 

outside the body. 

2.8.2 Interconnects 
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Electronics interconnects have traditionally been major contributors to the performance, size, and reliability of 

medical electronics modules. RoHS and MRI compatibility is required for any future interconnects. Flexible 

organic substrates are increasingly being used as interconnects in medical systems. The trend is 

miniaturization in all 3 dimensions. Thus, supply chain development and research is needed; first, on how to 

create these key interconnects, and then secondly, how to scale them to volume production. 

Large scale medical diagnostic systems are driving the need for manufacturing and materials research for fine 

line, low cost, scalable technology. Fine line organic substrates are also finding new applications as 

microfluidic channels used in lab-on-chip applications. Research efforts are needed to characterize the 

electrical and flow behavior tradeoffs for such fluid-substrate systems. 

 

2.9 MEMS 

iNEMI has solidly moved forward in MEMS since the last roadmap cycle. There have been MEMS 

workshops held in Brighton England, Santa Clara California, Pittsburg Pennsylvania, and Leuven Belgium, 

and, as a result of these meetings, two iNEMI projects have moved through the definition or initiative stage 

and are now in sign up. One of these teams will address defining an optimized reliability testing methodology 

for MEMS devices that addresses the integrated solution set of ASIC plus electro mechanical elements plus 

software. The second team will focus initially on the development of test protocols for inertial sensors. 

Additionally, iNEMI has a team in the initiative stage of defining how to proceed on establishing a university, 

industry, and government alignment that enables the development of MEMS competencies needed to support 

the strong global growth of this business and marketplace. 

The market for MEMS has grown dramatically since 2011, with the explosion of unit demand required to 

support key consumer products such as smartphones and tablets. Additionally, sensors are literally 

“everywhere” in new autos, with an excess of 100 sensors in new vehicles. There is also a growing market for 

MEMS and sensors in medical applications. The figure below graphically demonstrates the MEMS explosion 

by market segment. 
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Key research challenges exist in the area of test for MEMS. The cost of test as a percentage of total cost of 

MEMS devices is at 30% and rising. Research is to define and implement ultra-low cost test protocols for key 

devices such as accelerometers, gyros, and microphones. This requires the development of Built In Self-Test 

(BIST) capabilities and architectures for integrated MEMS devices. There is also the need to develop 

fundamental manufacturing test capabilities for 10 axis DOF devices. That is a fundamental industry gap with 

no known solutions. An additional set of wafer level test capabilities that reliably deliver known good die to 

the MEM’s integration operation is also needed. 

There are exciting MEMS integration challenges across a broad spectrum of future applications in the 

generically named “Internet of Things.” The fundamental research topics are both broad and specific. The 

challenges will be to integrate sensor technologies of various types (motion, biological, chemical) with silicon 

for processing and wireless communication and also for user friendly SW applications that are mobile system 

friendly. The list of application options is bounded only by our imaginations. Exploring areas of 

entertainment, body monitoring, and environmental monitoring would be solid starting points. 

Packaging is also an area currently very diverse and lacking standard approaches, resulting in high cost. At 

the same time, the future direction is clearly to shrink the overall integrated MEMS solutions. With shrinkage 

come challenges such as smaller capacitance values resulting in higher signal to noise ratios, and potentially 

less sensitivity due to smaller seismic mass. Thus, to address the scalability of the packaging solution 

availability, in an industry where design expertise and ownership is dispersed and widespread, a research 

approach that focuses on optimization of modules or process steps is needed. Modules should be optimized to 

deliver repeatability and reliability. With individual process optimization that touches all potential steps in the 

packaging process flow, a tool box approach to servicing the diverse needs of MEMS devices will be feasible 

and cost effective at both major OEM’s and at MEMS foundries. Additionally, research work will be needed 

on the information tools and the development of key module standards in areas such as power supplied to 

tools, ESD controls, and material handling such that integrated factories that are efficient, optimize equipment 

utilization and cost, and deliver high yields will be achievable. 

Miniaturization of integrated MEMS devices requires focused research in specific sensing elements. The 

MEMS roadmap is done in close partnership with ITRS, the primary organization for charting the roadmap 

for semiconductor technologies. With the recognition of the More than Moore effect in new application areas 

such as MEMS, partnering and synchronization in the development of roadmaps for semiconductors and key 

application areas such as MEMS is essential. The silicon side scaling is well advanced and will continue to 

advance somewhat naturally with major research investments on the industry and research institute fronts. 

Specialized research in sensing elements, ranging from mechanical levers to bio sensors, that are moved to the 

nano scale levels will be needed and will be applied when proven to be repeatable. 

In summary, there is a broad range of research that will be required in order to address the diversity of MEMS 

applications and the need to scale volume and reduce cost in a manner that supports the steep volume growth 

curves of the future. 

 

2.10 Research Needs of Current iNEMI TIGs 

iNEMI currently has over 35 initiatives or projects aimed at developing technology to meet the needs of the 

industry. Highlights of these projects are downloadable from the iNEMI website. The following table lists the 

research initiatives needed to support the next generation of activities for the current 23 projects of the 

existing seven Technology Implementation Groups (TIGs) and two Emerging Technologies (ET); MEMS and 

Highly Efficient Power Supplies. These nine areas are listed below. 

 Board assembly 

 Test 

 Interconnect PCB – organic 

 Optoelectronics 

http://thor.inemi.org/webdownload/newsroom/Deployment_Projects.pdf
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 Packaging & Component Substrates 

 MEMS 

 Environmentally sustainable electronics 

 Medical Electronics 

 Power Conversion 

 

Table 2.2: iNEMI TIGs/ETs and Associated Research Needs 

Current Development 
Projects 

Project  
Chair/Co-Chair 

Research Needs 

Board Assembly TIG 

Pb-Free Early Failure - 
Phase 2 

Alcatel-Lucent 
Improved methodologies for predicting and verifying 
electronics hardware reliability 

Pb-Free Rework 
Optimization, Phase 3 
(Reliability Evaluation) 

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

  

Qualification Test 
Development for Creep 
Corrosion - Phase 1 

IBM 
Develop correlation between field conditions and 
test procedures. 

Characterization of Pb-Free 
Alloys 

HP; Intel 

Better understanding of solder alloy characteristics 
so that application performance can be predicted 
more accurately  
Develop low temperature high reliability attach 
materials and processes  

Counterfeit Electronic 
Components Assessment   

 Cost effective technologies for establishing 
component pedigree 

PCB / PCBA Reliability 
Qualification Process 

Dell 
Advanced materials and manufacturing processes 
to achieve goals for next generation substrates 

Board Assembly and Test 
Process Optimization 

UI/Assembleon 
 

TEST TIG 

Boundary Scan Phase 3 Dell 

Research to develop new test technologies 
(including self test capabilities) at system level such 
that quality of growing complexity products is not 
compromised. 
 
Advanced test solutions for high density boards 

BIST “Use Case” 
Investigation- Phase 3 

Cisco/Asset 
InterTech 

Development of a multilevel BIST test methodology 

Structural Test of External 
Memory Devices 

Dell 
 

Interconnect PCB – organic TIG   Optical component integration (hybrid / monolithic)  

Improving UL Certification 
of Laminates and PCBs 

Teradyne/UL 
Certification Processes compatible with rapidly 
changing technology 

  Optical waveguide, backplanes, chip-to-chip, >5 
Yrs 

Optoelectronics TIG 

Connector Particle 
Thickness 

Celestica 
Advanced Test techniques for automated testing of 
next generation optical interfaces. 

Packaging TIG 

Warpage Characteristics of 
Organic Packages 

Intel 
Methodology for evaluating warpage in multilevel 
packaging 
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Current Development 
Projects 

Project  
Chair/Co-Chair 

Research Needs 

Primary Factors in Warpage 
- High I/O BGAs 

Cisco: Alcatel-Lucent Advances in 3D/TSV packaging 

Copper Wire Bonding 
Reliability 

Cisco 
Develop low cost die to package bonding 
capabilities 
High current density device packaging 

Manufacturing Strain 
Guidance for PCBAs 

Intel/IBM 

 Advanced Si-node Underfill 
Reliability  

Cisco 
Characterize dynamic response performance of 
new high Tg silicon and new under fill materials 

  
 

Packaging Equipment 
Requirements Convergence 

Intel 
 

MEMS  

MEMS Test Methods for 
Inertial Sensors 

NIST/TI Test Methods for advanced MEMS 

   

Environmental TIG 

Rare Earth Metals 
Assessment and Supply 
Chain Actions 

IBM 

Develop alternatives materials to (application 
specific) REM’s for future generations of electronics. 
Cost effective recycling/recovery processes for 
REM and other critical materials. 
Sustainable supply of key Electronic Materials: Cd, 
Te, In, Se, Ga, Ge, and rare earths 

Eco-Impact Evaluator for 
ICT Equipment - Phase 2 

Alcatel-Lucent; Cisco 

Promote the proliferation and wide spread adoption 
Develop an easy to use tool and data base for 
conducting cradle to grave life cycle assessments of 
alternative technologies or products 

Metals Recycling 
 

These Three new Projects’ will identify areas for 
future research. 

Repair and Recycling 
Metrics  

Alternative Materials 
Assessment Project  

Medical Electronics TIG 

Component 
Specifications for  
Medical Electronic Products 

NIST 
Development of an effective process for evaluating 
new medical materials and components 

Power Conversion 

DC-DC Power Module 
Project 

IBM 
Development of next generation wide band gap 
semiconductors with high efficiency 

 
 

                                                 
i Source: http://www.consilium.europa.eu/uedocs/cmsUpload/ST15838_09.pdf 
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ii Source: http://www.smart2020.org/_assets/files/01_Smart2020ReportSummary.pdf 
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Chapter 3: Emerging Technologies, Processes, and Materials 

This chapter explores newly discovered phenomena and future technologies that may assist in meeting the 

R&D needs defined in the iNEMI Research Priorities and iNEMI Technical Plan. The continuing market 

demands for product miniaturization, increased energy efficiency, and low cost are being addressed by several 

newly Emerging Technologies, including Advanced Optoelectronics, Printable Electronics, Solid State 

Illumination (SSI), and Highly Efficient DC Power Conversion. 

These emerging technologies will need advanced materials with enhanced electrical, optical and photonic, 

thermal, and thermomechanical properties. New and advanced manufacturing processes will be required for 

cost effective manufacturing. Software to analyze and model the complex interactions arising from 

mechanical, acoustic, thermal, chemical, seismic, environmental, optical and photonic, and biological inputs 

will be vital to realizing high level integration. New types of reliability testing, accelerated life testing, and 

life cycle assessments will be required to properly assess materials and devices used in new and expanded 

product opportunities. 

 

3.1 Integrated Photonics 

Data transmitted over the internet now dominates telecommunications traffic. In a report dated June 1, 2011, 

Cisco Systems forecast ~ 1 zettabyte / yr of global internet traffic by the end of 2015, implying a growth rate 

of 32%. Other organizations and calculations suggest rates as high as 62% with a general consensus that the 

rate will be 42% to 50%/yr for the next 5 years. This demand growth is dominated by increasing video traffic 

on the internet from movie downloads, YouTube traffic, social networking, etc. Figure 2 below shows these 

trends. 

  

Figure 2.  Traffic by data content vs. year, both actual and forecast. H-S=High Speed Traffic; 
AAA=Advanced Architecture Traffic, Source: International Gatekeepers Inc. report “North American Traffic Forecast 

April, 2011” 

http://et.ratepoint.com/bdffea6b45d576ded420330675811ff9/3d55fa11cc95d1a4d531c611b5f356b5
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Today, optical data transmission continues to improve and is displacing copper on three frontiers: 

 Optical methods are becoming technically and economically viable for shorter and shorter distances. 

 The lower energy required to transmit data optically is becoming more important. 

 Optical technology is enabling transmission at higher data rates. 

While next generation products that increase the capacity of long haul transmission are an important need, the 

critical R&D in “advanced” optoelectronics is the cost-effective manufacturing and component infrastructure 

required to implement Backplane, On-Card, Into and Out-of package, and On-Chip optical data transmission. 

A number of universities, research institutes, and leading OEMs are studying and developing technology 

options; however, it is critical for industry to work with researchers to select which alternatives to pursue and 

develop to establish a viable technology base. We anticipate that this effort will start and progress during the 

remainder of this decade. Our goal is to accelerate this development, resulting in a domestic manufacturing 

base. Figure 3, from the 2013 iNEMI Optoelectronics Roadmap documents the issues that need to be 

addressed to meet market demand. It shows that, for four applications, there is no known technically viable 

solution to address 2018 market needs. 

  

Figure 3. The overview Graphic of the Optical Electronic TWG Roadmap Applications 

Because of the critical need for accelerating the introduction of integrated photonics into low-cost, high-

volume production and the many research, development, and implementation steps that will be required, 

iNEMI and the MIT Microphotonics Center have submitted a proposal to NIST AMTech to address this 

pressing need. 

3.1.1 Background 
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During the next 20 years, the performance of information systems must scaled by a factor of 10,000 under the 

constraint of constant cost and energy use. Router performance will be the network bottleneck. Network 

architectures that fully harness the power of optics are of great importance and will need to be fully developed 

to create cost effective and bandwidth abundant networks. As these architectures evolve, new components 

will enable new architectural alternatives. The proposed Integrated Photonics Roadmap will capture 

roadblocks and potential solutions for the continuously evolving network, driven by market requirements and 

enabled by new component development. The existing iNEMI and MphC roadmaps have identified the 

market gaps, but they have not yet quantified either the cost and performance component needs or  the 

systems architecture that will meet these needs. New system architectures and manufacturing supply chains 

will be needed to address the market needs. Critical technology choices will have to be made by the now 

fragmented supply chain. Addressing these issues is the intent of this proposal. 

3.1.2 Technology 

The fragmented information marketplace can benefit from emerging technologies for electronic‐photonic 

synergy, platform commonality and integration, interoperability, and cross‐market applications as the Total 

Addressable Market increases. The technology solutions will optimize system function by means of 

convergence of architecture, software, and hardware advances under a new common design paradigm. Over 

the next decade, power efficiency for telecommunications must be improved at rates far beyond the modest 

improvements that voltage conversion and cooling can provide. New power optimized architectures and 

related innovations will be required. Monolithic integration of electronic and photonic functions leveraging 

CMOS technology in communication devices will provide part of the answer. Revolutionary approaches to 

fiber and fiber network design that achieve new scaling laws are needed in order to meet the future needs. In 

addition to applying the lessons of semiconductor large scale integration to optical devices, the solution might 

take the form of highly parallel optical fiber transport that can leverage common equipment and component 

technologies, such as treating multiple fiber waveguide cores as one and using monolithic groupings of 

individual light sources, amplifiers, filters, and switches to serve more than one fiber waveguide. This means 

more capacity per optical component and much lower manufacturing costs and power dissipation 

requirements per transported bit. High performance computing systems (HPC) and the massive data centers of 

the “Cloud” utilize short interconnections between processors, between processors and their corresponding 

memories, and between individual processing nodes. Performance scaling of these data center systems require 

interconnects with greater bandwidth, greater density, longer reach, and greater energy efficiency. 

Contemporary high end processors boast on the order of a few TB/s of aggregated I/O bandwidths. If the 

current scaling trend continues as expected, interconnects of more TB/s will be needed soon. 

Today, it is extremely challenging for conventional electrical transmission line link driver technologies to 

handle such scaling demands. It is well known that chip packaging has always lagged behind processor I/O 

needs and the problem worsens when one attempts to integrate optics. Requirements for inter‐node optical I/O 

between processing elements are significantly different than for longer‐reach board‐to‐board or rack-rack 

applications. Inter‐node communication fabrics require compactness, modularity, and especially effective 

component and manufacturing integration. Due to the limited I/O pins available, the chip I/O bandwidth 

scaling was achieved in the past mostly by increasing the channel data rate. With higher data rates, the loss of 

copper based electrical transmission lines becomes more dominated by dielectrics instead of skin effects. This 

loss increases rapidly with the signal frequency, requiring more equalization and noise cancellation circuitry. 

This increases both the power and area required by support circuitry as well as reduced link reach. Hence, 

system performance and scalability today are severely limited by interconnect data rate and reach and 

innovative interconnect approaches are crucial for future data center systems. 

 

3.2 Nano-Electronics 

The challenges to commercialization of nanotechnology applications in all sectors were highlighted in a 

recent U.S. National Academies report; “Triennial Review of the National Nanotechnology Initiative”, 
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National Academies Press, 2013. Although the world-wide investment in nanotechnology is significant, at 

nearly $20bn in the U.S.A. alone since the program’s inception in 2001 with matching investment in Europe 

and Asia, much of the support has gone to universities and government laboratories that have developed 

excellent technologies for synthesizing and fabricating nano-enabled electronic devices, such as the Center for 

High Rate NanoManufacturing www.neu.edu/chn. Once new processes and products are invented, the next 

step is usually development by a start-up company to a stage where they can be commercialized or adopted by 

a larger corporation. 

Because of the recession, the demise of venture capital, and the siphoning of a large proportion of the 

available angel funding to mobile software app development, materials companies have been severely limited 

over the past 5 years. In normal conditions, the commercialization process would take 5 years; under today’s 

conditions, time to market may be doubled. 

The development of nano-electronics is apparently moving slowly, although part of this perception is due to 

the fact that nanosized materials do not in general have to be disclosed as a product ingredient. Nanomaterials 

only have to be disclosed as ingredients in France and in some cities such as Cambridge, MA. In general, only 

the primary user of nanomaterials is required to disclose their use to authorities, but to customers, so a board 

assembler in Cambridge using a nano-sized filled epoxy board made outside Cambridge would not know that 

the board contained nanomaterials and is not required to know this information, and neither is the board 

supplier required to disclose it. Nevertheless, significant commercialization is occurring. 

Many of the applications for nanomaterials are related to printed materials in packaging, security devices, 

RFID tags, and solar applications. Nano materials and ink consumption, primarily silver and copper, is 

forecast by IDTechEx to rise to $735M in 2018, over 25% of the conductive ink market (www.idtechex.com). 

Graphene Devices (www.graphenedev.com) and iimak (www.iimak.com ) have developed carbon-graphene 

composite inks that provide a significant conductivity improvement over carbon alone. Graphene is also seen 

as an attractive low cost choice for disposable sensors for medical diagnosis. Nano-enabled stencil coatings 

are now widely used due to their improved deposition characteristics (www.laserjob.de). Other examples exist 

in waterproofing and board surface coatings, as well as filler systems for boards, underfills, and packaging to 

address flame retardancy, thermal expansion, thermal conductivity, mechanical strength, and optical 

properties. 

Standards work continues; notably with ISO TC 229 and IEC TC 113, but also with many national and 

transnational agencies. There is still a lot of work to be done in metrology, health safety, environmental, and 

many other areas. 

Regulatory barriers have still not appeared. Regulatory agencies in the Americas and Europe have decided to 

use the existing regulatory framework for nanomaterials, TSCA and REACH respectively, and a distinction 

seems to be evolving in terms of lower risk, smaller versions of existing chemicals (nano clays for example) 

and higher risk, new structures (carbon nanotubes for example) which are receiving closer scrutiny. There is 

still some confusion on definitions, with a recent re-definition of a nanomaterial as having over 50% less than 

100 nanometers in at least one dimension. 

In the future we will see increasing use of nanomaterials, but as of 2013, there is no “killer app”. 

Semiconductor technology is still finding clever ways to extend performance and reduce size and no nano heir 

is apparent. 

 

3.3 Printed Electronics - Large Area Flexible Electronics Systems 

Printing and microelectronic technologies are merging to develop a new industry. Although several different 

names have been suggested for this emerging industry, such as, Large Area Flexible Electronics, Printed 

Electronics, Flexible Electronics, Organic Electronics, or Organic and Printed Electronics, the enabling 

technologies,  printing, functional inks, and microelectronics, and the desired product attributes have not 

http://www.neu.edu/chn
http://www.idtechex.com/
http://www.graphenedev.com/
http://www.iimak.com/
http://www.laserjob.de/
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changed; rather they have expanded. This marriage of microelectronics, Roll-to-Roll (R2R) manufacturing, 

and graphic printing shows incredible promise to spawn an entirely new method of electronics manufacture 

for several product markets, including renewable energy, lighting, healthcare, and communications. 

The technology is maturing rapidly with the advent of higher performance electrically functional inks. These 

functional inks have enabled the use of low-cost manufacturing platforms, such as inkjet, flexographic, 

gravure, offset, and screen printing, which are traditionally used for printing books, packaging, and 

newspapers. Since product price is dependent on materials and manufacturing costs, graphic arts printing 

platforms and innovative engineering expertise promise to greatly reduce the cost of products, such as 

displays, sensors, and simple wireless products. 

Since publication of the 2011 Roadmap chapter, there has been an increase in the number of public 

announcements that promote this technology and the products that it enables. A greater number of prototypes 

and engineering samples of potential products, such as flexible displays and signage, authentication, gaming, 

and active packaging, are being shown with specifics for product commercialization plans. Similarly, well-

publicized multi-million dollar government support in Singapore, Japan, EU, Korea, and China continues to 

fund pre-competitive and competitive technology development efforts. 

A critical concern is the lack of pull by customers. Although, opportunities such as lighting, photovoltaics 

(PV), and flexible displays have been mentioned for the past five years, several less performance-demanding 

products could reach the market sooner. It is important that companies identify customer use-case 

opportunities that do not need the stringent reliability and performance requirements that are demanded by 

products based on traditional electronics. At recent conferences and workshops, presentations have been made 

suggesting that if the industry waits for the “killer-application”, many opportunities and potential sources of 

revenue will be overlooked. 

The 2013 Printed Electronics-Large Area Flexible Electronics Systems Roadmap provides detailed analysis 

for: a) Functional Inks, b) Substrates, c) Packaging/Barriers, d) Manufacturing Platforms and Processing 

Equipment, e) Testing and Quality Control Tools, f) Large Area Flexible Electronics, g) Reliability, and h) 

Standards. While Gaps and Showstoppers are identified throughout the chapter, a subset of prioritized Gaps 

and Recommendations is identified below. 

3.3.1 Materials, Product Design and Manufacturing 

 Development of higher performance solution processable inks, such as semiconducting, OLED, PV 

active, etc. The increase in visibility for this field has seen the introduction of several new participants 

in the functional ink development field for both organic and inorganic inks that are addressing this 

need. 

 Development of in-line manufacturing quality control equipment. To benefit from the economies of 

scale that R2R and printing offers, systems must be developed and qualified for testing of the 

fabricated devices, circuits, and components. 

 Development of dedicated, hybrid manufacturing platforms. Industry members envision that a R2R 

manufacturing platform combining several printing technologies, such as flexography, gravure, and 

micro dispensing, is required to enable realization of the market potential. 

 Development of simulation tools and software platforms that provide a robust interface between 

microelectronics design software and graphic arts image design software. The simulation tool must 

consider the unique characteristics of the electronic devices, circuits, and components, such as 

impedance, operation voltage, frequency response, etc. The interface software platform is critical to 

enable R2R manufacturers to fabricate devices, circuits, and products and should have features such 

as electrical continuity and design rule checks. These features are necessary for final evaluation 

before on-press manufacturing to ensure electrical functionality and high yield. 
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3.3.2 Supply Chains 

 Rate of commercialization of materials and manufacturing and processing equipment is occurring too 

slowly to meet the cost, performance, utility demands to enable near-term product launches. 

 Lack of a well-developed supply chain and deep infrastructure will lead to products that are not cost 

competitive. 

 The key elements required to launch products, such as lighting, touch panels, etc., are at different 

stages of maturity, including R&D, engineering prototype, near-commercialization, and 

commercialized. A major challenge is the need for concurrent investment in equipment, process, and 

product development and integration. The resources and expertise to address all of these 

developmental needs may exist in few, if any, companies. Coordination and motivation among 

multiple companies requires very large and compelling market opportunities. 

3.3.3Standards 

 Due to significant differences in materials, processing, substrates, and applications from conventional 

consumer electronics, the reliability testing standards established for consumer electronics may not 

apply. Therefore, new testing standards must be developed for: a) liquid-to-liquid thermal shock, b) 

air-to-air thermal cycling, c) humidity and elevated temperature storage and operation, d) bend 

testing, e) crushing or folding testing, f) barrier testing, and g) exposure to solvents, water, etc. 

 Since potential application spaces will include use in food packaging and toys, suitable safety 

standards and testing protocols must be established. 

 Standards on disposal and/or recycling need to be established. Considerations for evaluating 

suitability for incineration or recyclability through the existing waste management infrastructure must 

be addressed and standardized. 

 

3.4 Highly Efficient Power Conversion 

iNEMI is currently working on a first generation project to develop a DC to DC power converter for data 

center use. The next step is to use emerging, highly efficient wide-band gap (WBG) semiconductors for 

power conversion. The impact of this development would be to replace currently used DC-to-AC-to-DC 

solutions that typically have low efficiency and require massive amounts of floor space, power, and cooling to 

operate reliably. Thus, the efficiency or power consumption savings of data center and telecommunication 

centers could be improved by a factor of three with a commensurate reduction in operating costs, the amount 

of critical materials required, and the carbon footprint of these rapidly growing facilities. 

 

3.5 Heat Transfer 

The state of the art in thermal management has not changed dramatically since the last iNEMI Roadmap. 

Demand for more effective and cost efficient means of removing heat from electronic systems continues to 

grow across all segments of the industry, including LED lighting, power electronics associated with 

transportation, and the electrical grid. In the absence of major new breakthroughs in thermal management 

technology, this demand is being met by broader, more aggressive use of existing techniques and increased 

emphasis on reducing the generation of heat through improved product design. 

Due to cost pressures in high volume applications, personal computers, and consumer electronics, aluminum 

and copper heat sinks with forced or natural air circulation continue to dominate in terms of unit volume. The 

growing trend towards higher performance electronics in smaller packages is forcing designers and 

manufacturers to consider phase change and liquid cooling techniques, albeit at higher cost. Increasingly, 

there is recognition that reducing system power will not only reduce the demands on thermal management 

technologies, but will also result in direct and indirect energy savings at the system, facility, and plant levels. 
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This reduced energy consumption will eventually result in operating cost reduction and is leading to improved 

design practices that focus more closely on reducing the sources of heat in electronic devices. As we move 

forward with the More-than-Moore trend and implementation of 3D device packaging grows, the localized 

hot-spot issue will become even more critical. 

Industry trends impacting thermal management needs and practices identified in previous iNEMI Roadmap 

releases continue to evolve. Expanded adoption of multi-core CPUs continues to help lower the thermal 

impact of high performance devices in computing applications and is helping to mitigate, though not 

eliminate, the need for even more costly and aggressive cooling solutions. Increasing acceptance of electric 

and hybrid vehicles, renewable energy solutions, and evolution of the smart grid is resulting in a growing 

emphasis on thermal management techniques suited to the unique requirements of power electronics. 

Cost and time-to-market continue to play a critical role in maintaining competitiveness for all product sectors. 

To keep pace with the shrinking design cycle time and to reduce development costs, advances in computer-

aided thermal design tools is critical. 

3.5.1 Recommendations 

The following constitutes the major cooling technology areas for development and innovation: 

 Low cost, higher thermal conductivity, packaging materials 

 Higher thermally conductive materials and improved thermal spreader solutions 

 Closed loop, liquid-cooling solutions, which are compact, cost-effective, and reliable 

 Thermal and thermo-fluid simulation tools 

 High-performance cooling systems that will minimize the impact on the both the immediate and the 

global environment 

 Advanced modeling tools which integrate the electrical, thermal, and mechanical aspects of package 

and product function 

 Advanced 3D packaging techniques which can effectively remove heat from die not directly in 

contact with the PCB or substrate 

 Advanced experimental tools for flow, temperature, and thermo-mechanical measurements for 

obtaining local and in-situ measurements in micro-cooling systems 

 Tighter integration of chip IO planning, system-level reliability, and manufacturability testing, as well 

as system-level electrical, thermal, and mechanical modeling for improved reliability 

Action should be taken to pool resources to fund cooling technology development, promote the involvement 

of university and research labs, and establish a closer working relationship with the entire supply chain. 

 

3.6 Solid State Illumination 

The pace at which Solid State Illumination (SSI) is replacing compact fluorescent lighting (CFL), linear 

fluorescent, and incandescent lighting products continues to accelerate. Initially driven by legislation which 

effectively banned incandescent lights because of their inefficiency, improvements in SSI reliability and 

decreasing SSI costs are now making many SSI products more cost-effective solutions in some applications 

than the products they are replacing. Furthermore, SSI offers better environmental acceptance since they do 

not contain mercury, which is becoming an increasing environmental concern as the number of CFL bulbs 

increases and bulbs are broken or may be disposed of improperly, and higher sustainability, since their higher 

luminous efficacy will reduce energy use and its associated carbon footprint, positioning the lighting industry 

as a leader in this space. 

For consumers, SSI offers more flexibility than CFLs in color temperature and form factor. While SSI 

efficacy is higher than other light sources, they produce less light and heat than other technologies. 

Maintaining LED junction temperatures at reasonable values to insure consistent color temperature and long 
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lifetimes requires sophisticated heat-spreading mechanisms in printed wiring board, substrate materials, and 

packaging technologies. Within this thermal constraint, the markets are addressing both bulb replacement and 

new construction, retrofit, and remodeling opportunities. This is leading to supplying SSI products as 

integrated light sources. 

While the LED itself has a long lifetime, Balance of System (BOS) issues related to the reliability and 

miniaturization of electronic drivers and components offers challenging compromises. For example, while 

incorporating electrolytic capacitors enables a smaller product footprint, it introduces a wear out mechanism 

that can reduce overall luminaire lifetime. Without suitable thermal designs, drivers and control circuits 

installed in close proximity to the LED will operate at high temperatures for extended periods of time, leading 

to reduced product lifetimes. 

Another major area of concern continues to be test standardization, or lack thereof. This is a twofold concern. 

For the designer, it makes product manufacturing more difficult and it makes it difficult for consumers to 

make informed purchasing decisions. Industry standards are being developed to make manufacturing more 

efficient (e.g., the Zhaga consortium membership continues to grow, with a goal of creating uniform LED 

module standards) and government and consumer groups are providing education and marketing tools (e.g., in 

the US, Energy Star, Lighting Facts, etc.). Due to the large established lighting infrastructure, compatibility of 

SSI driver systems with existing dimmer technologies is also posing a challenge, although this is being 

addressed by product designers. 

As LED driven SSI technologies are advancing into mainstream products, OLED (Organic-LED) lighting 

technology is emerging from the research labs and is being offered in niche SSI markets. Unlike an LED 

point source, OLED technology offers a dispersed light source suitable for large area panel implementations. 

However, edge-lit LED panels may challenge OLEDs for this market opportunity. The ability to deposit 

OLED materials on large area substrates, rigid or flexible, will open up new design opportunities for the 

lighting designer and customer, albeit with different material systems, new manufacturing processes, such as 

Roll-to-Roll (R2R), and new installation paradigms. 

The 2013 SSI Roadmap provides detailed analysis for categories that include Product Level Assembly, Test 

and Measurement, Devices and Circuits, Reliability, Standards, and Thermal Management. While Gaps and 

Showstoppers are identified throughout the chapter, a subset of prioritized Gaps and Recommendations is 

identified below. 

3.6.1 Product Design and Manufacturing 

 SSI manufacturing product cost is decreasing, but is still higher than for incumbent products. To drive 

increased market penetration, development of manufacturing processes that address the tooling, 

assembly equipment, and assembly processes for producing large volumes of low cost LED and 

OLED assemblies and luminaires needs to continue. 

 SSI LED products can have color shifts and lower lifetime performance due to high junction 

temperatures. Continued development of thermal management solutions to dissipate heat associated 

with high brightness LED light sources is required. 

 SSI specific software and modeling tools to optimize assembly of LED and OLED SSI devices are 

limited. There is a need to develop SSI specific software for designing and fabricating LED and 

OLED light engines and light sources within environmental and thermal constraints. 

 The industry needs to continue developing LED and OLED materials and device designs to produce 

higher efficiency light sources, including LED substrates, phosphor development, OLED material 

systems, and light extraction technologies. 

 EMS companies do not have core competencies for OLED R2R manufacturing. The industry needs to 

partner with display or printing companies or develop this capability, as well as associated in-line 

measurement and inspection tools for R2R manufacturing or risk seeing this market migrate to other 

parts of the SSI ecosystem. 
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3.6.2 Supply Chains 

 SSI enabling technologies, manufacturing infrastructure and supply chains have emerged but are still 

relatively undeveloped. Significant cross industry collaboration and education is required to create a 

more robust ecosystem. As OLED technology progresses, SMT and R2R tools for rigid or flex 

substrate systems need to be developed. 

 Electronic components and devices, rather than optical ones, gate SSI product lifetime. There is a 

need to educate the electronics design industry to SSI market opportunities and product requirements 

so they will develop an extensive and robust supply chain. SSI specific SMT technologies for 

fabricating LED light engines and light sources needs to be further developed. 

 Supply chains need to expand beyond the traditional electronics and semiconductor manufacturers 

that supply LED chips, LED packages, and LED thermal modules to include non-traditional players 

like lamp housing, lenses, optics, and luminaire manufacturers. 

3.6.3 Education and Standards 

 SSI Product lifetime does not always meet advertised targets. Appropriate Accelerated Life Tests 

(ALT) need to be developed for long life-time designs, and ALT results need to be validated with real 

time performance data. 

 SSI standards are trailing the industry development pace. The industry needs to develop and rapidly 

implement standards to insure that public policy conforms to technical capability while not stifling 

innovation. 

 

3.7 Design Tools 

The lack of appropriate design and simulation tools can be a major roadblock to the more rapid introduction 

of new materials and technologies. The issues of how to optimize modeling and experimental skills across the 

global enterprise, namely across the OEMs, component suppliers, and EMS companies; and what will be done 

in the US vs. offshore need to be addressed. 

Some sectors may lag in different attributes such as complexity or power density, resulting in a need for the 

ability to transfer the knowledge base efficiently from one sector to another. 

System-level simulations are highly critical as miniaturization of the entire system develops at the chip and 

package levels, such as System-on-Package (SOP), System-on-Chip (SOC), Stacked ICs, and Package (SOP 

or 3D Integration/Package). The system-level simulations target the performance of the entire system instead 

of a small portion of the individual discrete package components. In addition, the system-level simulations 

cover all issues in this roadmap and require integration. 

The new simulation areas that need research, including 3D Integration and Packaging, Opto, and Nano-Scale / 

Spintronics, remain critical. Simulations related to nano-technology could have a large impact on the 

semiconductor and the electronic materials industry. It is clear that a focus on the unusual combination of 

business and quantum-mechanics perspectives is required for nano-technology to be successful. 

Companies must critically evaluate and address the importance of simulation experts. For simulations to be 

effective, one needs an expert in the simulation tools and methodologies, the subject matter being simulated, 

and knowledge of the system and process being simulated. Experts must be able to determine what 

phenomena can be modeled and what must be tested, as well as the requirements for model verification. The 

financial analysis for the cost of simulation versus the long and short-term gains to be derived must be 

justified. 

Design technologies reviewed in the 2013 Roadmap include: 
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3.7.1 Design for Manufacturing 

The increasing OEM focus on reduced time-to-market and the complexity of emerging technology will 

require significant development and investment in design tool infrastructure. In addition, practical commercial 

design tools for manufacturability, test, and assembly are needed by EMS firms to increase manufacturing 

productivity and reduce costs. 

It is important that component suppliers and EMS companies incorporate system-level thinking in their 

product roadmaps and hence modeling strategies. However, what is equally necessary is the deployment of 

modeling and simulation by both key links in the supply chain to improve their processes and process 

modeling. Component suppliers are lower in the “food chain” and hence lack the extensive resources 

available to the EMS companies and OEMs. 

An ongoing cross-roadmap effort began during the development of the 2007 iNEMI Roadmap to integrate the 

system-level driver needs of the ITRS and the iNEMI Roadmaps. As a result, information is being shared 

between the iNEMI Product Emulator Groups (PEGs) and the ITRS Design TWG. The ultimate goal of the 

cross-roadmap work is to integrate the key semiconductor-related requirements, identified in the iNEMI PEG 

market application needs tables, into the ITRS Design TWG System Drivers section, which is also beginning 

to identify specific semiconductor end-product application needs and develop tables to describe the needs and 

potential solutions. 

To summarize, the continued need for system level design, combined with relentless cost pressures, were key 

trends identified in earlier roadmaps across all sectors and these trends continue in 2013. 

The following areas have been identified as needing increased research and development: 

 Reliability, mechanical analysis and simulations 

 Material characterization  

 Interfacial delamination and chip-package interaction (CPI) 

 Process modeling 

 Moisture modeling 

 Solder joint reliability modeling 

 Improved thermal and thermo-fluid simulations 

 Improved tools for the manufacturing systems and supply chain management areas 

 Increased implementation of “Design of Automated Assist/Automation” Best Known 

Methods (BKM) into core product design to aid in overall reduction of assembly labor 

content and cycle time 

 Increased implementations of product customization and “Design for Postponement” 

strategies emphasize the focus on enabling product customization later in the value chain 

 Design tools need to have standardization of data file format so that data on design tools can 

be transferred between customers and suppliers in the forward and backwards directions. 

Results from testing must be more easily transferred back to the device designers and process 

developers. 

 Design rule standards are needed to assist in the creation of more interchangeable 

applications; however most companies who have developed such rules consider them 

proprietary and may be unwilling to share their own rules, or use rules from other companies 

 Tools for simulations in emerging areas (e.g. nano devices and materials). 

 Co-design of mechanical, thermal, and electrical performance of the entire chip, package, and 

associated heat removal structures 

 New capability to close the gap between chip and substrate interconnect density 

 Design for test continues to be a pervasive concern as circuits become more compact and complex 
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3.7.2 Design for Sustainability 

Sustainability will increasingly feature as a qualifier for product design and procurement decisions. Industry 

needs a widely accepted, workable, and proven international sustainability standard based on common 

databases and data sets. The following ongoing needs were identified. 

 Further promote and evolve EPEAT, harmonization of criteria, and increased cross-certification, and 

merge Eco design standards with Eco label and GPP criteria 

 Continue assessment of the true life cycle environmental impact of materials and the relative merits of 

potential trade-offs use of alternatives 
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Chapter 4: Research Priorities Summarized by Research Area 

Over 100 topics were recommended as research needs in the 2013 iNEMI Roadmap. The following lists are 

the Research Committee’s consensus of the top research priorities in each research area, while the remaining 

priorities are listed in no specific order. 

 

4.1 Design 

Product innovation starts with design. The introduction of new materials, the increasing complexity of 

medical systems, proving out new manufacturing techniques, and launching renewable energy technologies 

all push the boundaries of current generation design, modeling, and simulation tools. Design is further 

complicated by having become a distributed activity, shared across OEMs, EMSs, component suppliers, and 

other design partners, who must co-create information compatible with their respective information systems. 

Modeling and simulation have become essential time-saving tools to accommodate shrinking product 

lifecycles, enabling what-if scenario analysis, design optimization, and reliability predictions to be made pre-

production. Unfortunately, these tools have not kept pace with the introduction of new types of materials, nor 

do tools exist to design stress free packaging, which is critical to the incorporation of certain MEMS-based 

devices. 

Gaps in the availability of comprehensive, integrated design and modeling tools are impacting the 

development and adoption of renewable energy systems. Wind and solar installations have an expected 

warranty of 25 to 30 years, yet tools don’t exist to effectively model the failure and wear-out mechanisms 

associated with the inverters and other system components over this period of time, operating continuously, 

sometimes under harsh conditions, and at an anticipated 1,500 to 2,000 V DC. 

4.1.1 Top Design Research Priorities 

 Development of simulation tools and methodologies is needed for 3D Integration and packaging; 

Optoelectronics, Nano-technologies, and Spintronics 

 Cost effective application of MEMS (micro-electromechanical systems) technology to enable HDDs 

to achieve narrower track widths and faster data transfer rates 

 Alternative technologies to fill voids such as direct attach/BGA, wireless, FO, and IC-level 

interconnect 

 Low cost fine line technology to support the future printed circuit board (PCB) or substrate 

functionality forecast by the product emulator groups (PEGs) 

 Improved design systems providing electrical, thermal, and mechanical co-design and simulation 

tools that can be used as predictors of package and system reliability with a high level of confidence 

will be a key enabler in meeting the packaging requirements of the future 

 Improved design tools for emerging technologies like embedded passives and optoelectronic PCBs 

 "Lab at home" medical devices 

4.1.2 Additional Design Research Needs 

 Design software 

 Design tools for 2D/3D integration of ceramic interconnects 

 Ultra miniaturized medical monitoring approaches 

 Connector minimum contact linear pitch needs to shrink to 50-100 um by 2023 

 Minimum pitch LGA needs to shrink to 500 um by 2023 

 Increase max connector contacts to 5000 by 2023 

 Increase connector max speed to 9.6 Gbps by 2023 
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 Increase max speed backplane, high speed serial (distance limited) to 100 Gbps by 2023 

 Conventional stamp-form connectors are a showstopper:  integration of mainstream circuitry into 3D 

structures with UM interconnects printed or patterned micro-circuitry, estimated need in 2020's 

 Etched or micromachined connectors needed 

 Cu and fiber employed individually and in hybrid Cu-FO interconnects 

 20-40 GBPS Cu connections, such as backplane connection systems; new technology needed 

 Connectors utilizing designer alloys including Cu/Si compounds, possible carbon nanotubes 

 Ability to manage and protect intangible assets using information management 

 Rapidly evolving IT Technology leading to many different interface implementations 

 Cost effective, on-chip optoelectronic technical solution, especially an optical light source 

 Future generations of packaging technology will incorporate a wide range of new materials and 

equipment with capabilities not available today. These materials will include both higher and lower 

dielectric constants, vastly improved electric and thermal conductivity, and improved mechanical 

properties. 

 Identification and introduction of a viable alternative to NAND flash memory before the limit of this 

technology is reached 

 Development of GMR heads and compatible tape media to extend storage density 

 CW UV laser diodes and compatible recording media to enable continued increase in optical storage 

density and reduced cost per Mbit 

 Advanced low cost optical components including electronically variable focus lens (VFL) and solid 

immersion lens (SIL) technology to better enable multi-layer and near field recording respectively 

 Improved battery + capacitor hybrid systems for energy storage 

 Business models to evaluate cost of simulation versus physical testing need to be developed to 

determine when simulations can provide usable results for new designs 

 New passive component materials and designs that increase performance, reduce failure, and are 

socially responsible 

 Need for rapid analysis and low-cost data storage for "big data" systems using IM 

 Need for Harmonized global approach for managing environmental information across the supply 

chain 

 Roll-to-Roll processing for manufacturing companies is not a high yielding core competence for 

OLED manufacturing 

 Low cost, fine line PCB Technology (HDI) 

 Predictive analytics in health care, particularly sensor fusion 

 Improved design tools for emerging technologies like embedded passives and optoelectronic PCBs 

 

4.2 Manufacturing Processes 

Today’s R&D for electronics manufacturing must be cognizant of the following driving forces in the industry: 

 Miniaturization that is being driven by the rapid development of portable and handheld products 

 Material evolution for improved electrical, mechanical, thermal, reliability, and environmental 

performance 

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

criticality becoming a paramount issue in the hot growth markets such as medical portable products, 

alternative energy segments, and automotive as well as portable and computer products 

 The criticality of coordinated research that is effectively deployed in an increasingly distributed 

global supply chain 
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4.2.1 Top Manufacturing Research Priorities 

 Future generations of packaging technology that incorporates a wide range of new materials and 

equipment with capabilities not available today. 

 Minimum contact linear pitch needs to shrink to 50-100 um by 2023 

 Models to help understand what the performance and degradation mechanisms are inside batteries 

 Testing strategies for 3D packages 

 Integration of mainstream circuitry into 3D structures with UM interconnects, printed or patterned 

micro-circuitry to replace connectors by 2020's 

 Si Module efficiency >17% 

4.2.2 Additional Manufacturing Research Needs 

 Vacuum deposition process development for printed electronics 

 Inline and offline quality control tools for printed electronics 

 Amorphous Si module efficiency approaching crystalline Si for printed electronics 

 Designer alloys including Cu/Si compounds, possible carbon nanotubes for connectors 

 Full System Optimization using IM 

  Ability to manage and protect intangible assets using IM 

 Rapidly evolving IT technology leading to many different interface implementations 

 Laminated and embedded wave guides in PCBs 

 Investigate alternate test solutions for high density boards 

 Business models to evaluate cost of simulation versus physical testing need to be developed to 

determine when simulations can provide usable results 

 New materials and designs that increase performance, reduce failure, and are socially responsible 

 Time to integrate equipment and factory IMS 

 Need for Harmonized global approach for managing environmental information across the supply 

chain 

 Roll-to-Roll processing for manufacturing companies is not a high yielding core competence for 

OLED manufacturing 

 Energy and power sources for medical uses such as energy scavenging and new sources 

 Cost effective electrical test of high interconnect density PCBs 

 Innovative, new PCB backplane testing 

 Improved components PCB embedding process 

 

4.3 Materials & Reliability 

Again in 2013, materials and reliability requirements dominate the R&D needs of the electronics industry. 

Today’s R&D for materials and reliability must be tailored to the following driving forces in the industry: 

 Simultaneous demand for miniaturization and increased functionality 

 Increasing numbers of material substitutions as local and regional legislation restricts the use of 

materials that are presently standard components within the industry and public pressure leads to 

replacement of materials of very high concern with alternatives 

 Materials and interconnect technology evolution and innovation for improved electrical, mechanical, 

thermal, reliability, and environmental performance in increasingly challenging environments 

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

sectors 

 The balance between the increasing product and business complexity of the industry and the 

increasing need for supply chain integration 
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4.3.1 Top Materials Research Priorities 

 Future generations of packaging technology will incorporate a wide range of new materials and 

equipment with capabilities not available today. These materials will include both higher and lower 

dielectric constants, vastly improved electric and thermal conductivity, and improved mechanical 

properties. 

 Reliability models for connected, managed, and secured health electronics that span end-to-end user 

experience 

 Advanced high efficiency materials systems for low loss and high efficiency photovoltaics 

 Reduced polyimide water absorption and improved dimensional stability for printed electronics 

 Ultra high density and small form factor batteries for sensors, implantables, and portable medical 

devices 

 Biological and silicon integration, design and process tools for medical products 

 Reduced CTE of metal substrates for printed electronics 

4.3.2 Additional Materials Research Needs 

 Materials development for ceramic interconnects: low loss dielectrics freq > 1Ghz, near zero resonant 

frequency, K > 2000 for internal capacitors, K < 4 for high speed digital, magnetics for inductors on 

HTCC/LTCC 

 Functional ink charge carrier mobility for printed electronics 

 Improved paper moisture barrier coatings for printed electronics 

 Disruptive glass materials set development for printed electronics 

 LTCC ceramic property improvement 

 Vacuum deposition process development for printed electronics 

 Inline and offline quality control tools for printed electronics 

 In supply constraints for CIGS PV cells (20 tons needed per GW) 

 Si Module efficiency >17% for PV 

 Amorphous Si module efficiency approaching crystalline Si 

 Designer alloys including Cu/Si compounds, possible carbon nanotubes for connectors 

 POF with less than 125 db/Km of attenuation at temperatures over 125C for optoelectronics 

 Air-breathable batteries for energy storage 

 High capacity lithium iron phosphate cathode based battery 

 Laminated and embedded wave guides for PCBs 

 Business models to evaluate cost of simulation versus physical testing need to be developed to 

determine when simulations can provide usable results 

 New materials and designs that increase performance, reduce failure, and are socially responsible  

 SSI cost/lumen has not shown the same improvement rate as luminous efficacy 

 Supply chain shortages of rare earth and precious metals restricted by regulatory considerations 

 Wearable health monitoring systems 

 Heterogeneous materials and fully additive processes; compatibility with conventional and advanced 

and future packages and assembly processes for medical products 

 Magnetic core material compatible with MRI fields for medical purposes 

 Electronic textiles for medical uses 

 Bio compatible passivation Materials for implantable devices (electronic, micro-fluidics, others) 

 Higher cap and resistive value and precision materials for medical embedded substrate cores 

 Control of lab analytes in fabrication and assembly areas, especially sustainability and safety (these 

are analytes that will be used to determine lab values, such as HDL, LDL, BUN, and sed rate) 

 Nano-materials use in therapeutic and diagnostic approaches 

 High performance PCB laminates 
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 Fracture toughness of resin, solving troubling PWB Anomalies, and pad cratering of PCBs 

 Cost effective polyimide 

 Moisture effects on laminate properties 

 Direct Chip Attach (DCA) Technologies on boards 

 Transparent assembly materials and processes for board assembly 

 

4.4 Sustainability 

Sustainability in its broadest sense is the ability to endure. A definition published by the United Nations and 

embraced by the US Environmental Protection Agency states that sustainability is the ability to meet the 

needs of the present without compromising the ability of future generations to meet their own needs. 

Sustainability thus applies at many levels, from global environmental and geopolitical continuity, to the way 

industries and companies operate, down to the personal choices of consumers. 

The ICT industry has an unprecedented opportunity to contribute to sustainability at all levels, and for all 

industries. It is estimated that electronic products consume 15% of the present domestic electric generating 

capacity (of over 4 trillion kWh1), and is expected to double every 6 years. Even small gains in the efficiency 

of electronic transistors and circuits scale into significant benefits in energy efficiency. Another twenty 

percent of the U.S. electrical generation capacity is consumed by domestic lighting. Energy efficient 

photovoltaics and solid state lighting are two examples where innovations in electronics offer enormous 

opportunities for energy savings. ICT-based solutions are also critical for smart meters and grids, intelligent 

transport systems, and near zero energy buildings1. 

Like any other sector, the ICT industry also has s responsibility to lower the environmental impact of its own 

processes, through energy efficient and environmentally friendly operations, transport, and logistics. In 

addition, the impact of supply chains can be influenced in a positive way by the industry through supplier 

collaboration and encouragement of responsible and sustainable raw material extraction. Lastly, the industry 

can reduce the environmental impact of their products through careful life-cycle analysis and energy efficient 

use, reuse, and disposal. 

4.4.1 Top Sustainability Research Priorities 

The following priorities, identified through the iNEMI roadmapping process, address helping the ICT 

industry incorporate sustainable manufacturing practices and decrease the impact of the electronic products 

they create: 

 Support research and initiatives to increase the energy efficiency of electronic products, but more 

importantly, support development of new energy saving technologies that can improve efficiencies in 

many economic sectors. 

 New materials and designs that increase performance, reduce failure, and are socially responsible 

 Need for harmonized global approach for managing environmental information across the supply 

chain 

 Time to integrate equipment and factory IMS 

4.4.2 Additional Sustainability Research Needs 

 Develop effective, credible, and science-based methodologies to assess the true environmental 

impacts of materials and potential trade-offs of alternatives 
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4.5 Summary of Top Priorities 

Table 4.1: Design Research Priorities 

Research Needs 
Research 
Category 

Comments 

Development of simulation tools and 
methodologies is needed for 3d 
Integration and packaging; 
Optoelectronics, Nano-technologies and 
Spintronics  (Magneto-electronics) 

 
D 

This has been identified as a critical 
need for the past 3 roadmap cycles 
and remains high on the list. Each of 
the areas may have different 
requirements and timeframes for 
implementation, which adds 
complexity in development of  
any new tools. A "one size fits all" 
strategy may not work due to the 
diversity in the listed technologies. 

To support the future product 
functionality forecast by the product 
emulator groups (PEG’s), the printed 
circuit board (PCB) or substrate 
segments need to have low cost fine 
line technology available 

D Government, academia and consortia 
need to concentrate research funding 
to solve this problem. Present 
technology is not low enough in cost 
for competition. 

Alternative technologies to fill voids: 
direct attach/BGA, wireless, FO, IC-
level interconnect 

D 2013-23. All-optical system 
deployments depend on EOIC 
developments such as Intel’s Si laser 
technology 

Cost effective application of MEMS 
(micro-electromechanical systems) 
technology to enable HDDs to achieve 
narrower track widths and faster data 
transfer rates. 

D "Macro" mechanical systems are 
reaching their limits in terms of their 
ability to maintain alignment with sub-
micrometer size drive track pitches at 
ever increasing disk rotational speeds.  
Innovative use of MEMS technology 
may offer a solution to further 
decreasing track pitch to improve 
areal density and access time 

Improved design systems providing 
electrical, thermal and mechanical co-
design and simulation tools that can be 
used as predictors of package/system 
reliability with a high level of confidence 
will be a key enabler to meet the 
packaging requirements of the future. 

D The industry needs to develop a 
roadmap that shows all gaps of 
current simulation and modeling in 
order to help institutes, universities 
and EDA tool vendors focus their 
research efforts. In addition, a 
materials properties data base 
covering all levels from the IC to the 
system board will be needed to apply 
the simulation tools. 

Improved design tools for emerging 
technologies like embedded passives 
and optoelectronic PCB’s 

D  

“Lab at home" medical devices. D Portable / injectable systems possibly 
using MEMS 
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Table 4.2: Materials and Reliability Research Priorities 

 

Research Needs 
Research 
Category 

Comments 

Future generations of packaging 
technology will incorporate a wide range 
of new materials and equipment with 
capabilities not available today. These 
materials will include both higher and 
lower dielectric constants, vastly 
improved electric and thermal 
conductivity and improved mechanical 
properties. 

Mat When existing methods of 
interconnect and capsulation run out 
of steam and are replaced by different 
methods and materials, what will be 
the requirements for new equipment 
and processes? An early start to 
develop answers to these questions 
will be necessary. 

Reliability models for connected, 
managed, and secured health 
electronics that span end-to-end user 
experience. 

Mat Combination models of H/W, S/W and 
Communication networks. Large 
scope project 

Advanced high efficiency materials 
systems for low loss/ high efficiency 
photovoltaics. 

Mat  

Reduced polyimide water absorption 
and improved dimensional stability for 
printed electronics. 

Mat <1% (currently 1.9%); <0.01% 
(Currently 0.02%) 

Ultra high density and small form factor 
batteries for sensors and implantables, 
portable medical devices. 

Mat Small sensors, injectable or implanted 
small form factor, ex retina 

Biological and silicon integration - 
Design and process tools for medical 
products. 

Mat  

Reduced CTE of metal substrates for 
printed electronics. 

Mat <5ppm (currently 10) 
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Table 4.3: Manufacturing Research Priorities 

 

Research Needs 
Research 
Category 

Comments 

Future generations of packaging 
technology will incorporate a wide range 
of new materials and equipment with 
capabilities not available today. 

Mfg When existing methods of 
interconnect and capsulation run out 
of steam and are replaced by different 
methods and materials, what will be 
the requirements for new equipment 
and processes? An early start to 
develop answers to these questions 
will be necessary. 

Minimum contact linear pitch needs to 
shrink to 50-100 um by 2023 

Mfg 

 

Current minimum size constraints, 
~250 um linear contact pitch, 500 um 
area array 

Need models to help understand what 
the performance and degradation 
mechanisms are inside batteries 

Mfg Standardization in test methodology 
development is needed to improve the 
analytical tools and electrochemical 
measurements to characterize 
performance and degradation 
mechanisms inside batteries. 

Testing strategies of 3D packages Mfg IEEE P1838: testing of die and testing 
of board (two challenges). Protocols 
maybe different. No perception on 
what to do yet. FPGA vs memory folks 
are driving this technology as they see 
immediate benefit. This item needs to 
be addressed by the standards group 
IEEE P1838 

Conventional stamp-form connectors 
are a showstopper:  integration of 
mainstream circuitry into 3D structures 
with um interconnects printed or 
patterned micro-circuitry.  Est 2020's 

Mfg  

Si Module efficiency >17% Mfg Currently 15-16% 
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Table 4.4: Sustainability Research Priorities 

 

Research Needs 
Research 
Category 

Comments 

Support research and initiatives to 
increase the energy efficiency of 
electronic products, but more 
importantly, support development of 
new energy saving technologies that 
can improve efficiencies in many 
economic sectors. 

S  

New materials and designs that 
increase performance, reduce failure, & 
are socially responsible 

S The move to higher power densities 
will  depend on increasing 
performance of discretes 

Need for harmonized global approach 
for managing environmental information 
across the supply chain 

S  

Time to integrate equipment and factory 
IMS 

S To shrink integration time, standards 
need to be extended to more factory 
use cases, and tools are needed to 
more efficiently port end of life 
databases to new releases. 
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Chapter 5: Conclusions and Recommendations 

5.1 Impact of the Cloud and Internet of Things 

5.1.1 Impacts of Trends in Computing 

The trends in computing towards a proliferation of interconnected devices, on-demand applications and 

resources, and the resulting avalanche of data, will drive changes and create multiple pressure points for the 

industry. 

5.1.2 Market Uncertainty 

The movement to the cloud, coupled with the uncertainty of what type of “terminal” devices both the personal 

and business markets will favor, whether PCs, tablets, smart phones, TVs, or others, has the potential to cause 

disruptions across the industry. Clearly, there will be a growth in touch screens and higher resolution displays, 

but the winners and losers for hardware and operating systems are very uncertain. 

5.1.3 Security and Authentication 

With the emergence of cloud computing comes the need for defining and standardizing trust frameworks that 

scale and provide the security and privacy rules necessary for identity management and services. Cloud 

computing and its accompanying software and applications will span multiple devices as well as scale 

between small and large screens. Data, photos, e-wallet, machine-to-machine communications, and video will 

span these devices from a central source through an identity authentication assurance engine. These devices 

must be fast, responsive, and predictive of the user. Whereas today smartphones access cloud features for 

storage, music, video, and application data, by 2017 it is expected that an entire segment of smartphones will 

become dedicated “cloud phones”, featuring low cost and minimal local storage, but with increased 

connectivity and dependence on cloud services. These phones will feature gesture and voice recognition to 

allow access to these services and applications, a significant percentage of activity off-loaded to Wi-Fi, and 

easy-to-use and easy-to-navigate features that are hosted in the cloud infrastructure. 

5.1.4 Data Center Expansion and Efficiency 

At the heart of every cloud is a data center. In the hybrid world, where data is still replicated and shared 

among users each of whom also archive to a cloud, data centers will feel the strain of storing not only an 

increasing amount of information but also multiple, redundant, and sometimes obsolete, versions of the same 

data. Redundancy also arises from legal requirements and different models of doing business in the cloud. 

Databases are duplicated and updated simultaneously to allow businesses, such as banks, to switch over to a 

back-up system within minutes. 

Reducing energy loss in the power distribution at data centers will be increasingly important. This starts with 

moving the high-efficiency power conversion closer to the load. This can lead to a variety of changes such as 

increased use of DC power distribution in the data center and more efficient energy storage technology to 

manage fluctuations and outages. This efficient energy conversion is best viewed as an end-to-end 

optimization, whereby the other end is designing higher efficiency power conversion that can be close to the 

loads in the system itself, including voltage regulators integrated onto the socket or chip that uses the current. 

Minimizing the number of levels of voltage conversion between the power coming into a data center and the 

components that use the power is critical. 

5.1.5 Data Storage 

With the advent of the cloud era, storage architectures are undergoing a rapid transformation. The technology 

is at an inflection point within data-centers, driven by the need to manage global-scale elastic architectures at 

the Total Cost of Ownership (TCO) of commodity-grade storage. Emerging storage architectures are betting 

on the following storage hardware trends: 
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 Increasing disk densities; disk backup is still widely used for purposes such as for the speedy 

recovery of online transactions. Servers have a finite number of disk slots. Growing disk densities are 

critical for the server-centric storage software. 

 Component and subsystem technologies mass data storage 

 Increasing SSD performance; SSDs address the performance gap in the storage hierarchy, with 100X 

better performance of disks at 1/5th the cost of memory 

 Reduced disk speeds; using a tiered model, modern architectures are balancing the performance-

capacity requirement by combining SSDs with 7200 rpm SATA disks. In other words, 15K fiber 

channel drives are losing their prominence in data centers. 

 Improved write endurance and reliability for SSD as a memory extension 

 Reducing $/GB and $/IOPS for SSDs 

5.1.6 Bandwidth 

The demand for always-available data, in a variety of formats and from a myriad of sources, is placing greater 

demands on networking bandwidth around the globe. 

5.1.7 Interconnects and Packaging 

The need for high-speed interconnects is creating a need for faster bit-rates which demands lower loss 

interconnects. Cost, power, bandwidth, and form factor of mobile, cloud-connected devices continue to be 

driving factors for acceleration of integration of silicon and system capabilities into single package or single 

die. 

5.1.8 Need for New Standards and Metrics 

New energy metrics are needed to evaluate the relative energy efficiency and carbon footprint of cloud 

computing. As large data centers become established in all geographies, there is a need to expand the required 

operating range for high-end systems to include a new set of ASHRAE standards that increase the allowable 

temperature and humidity range for systems in data centers. In addition, as the data center environment 

becomes more corrosive, it will drive new qualification requirements and increased focus on failure impact 

and system reliability. 

 

5.2 Driving Force for Setting Research Priorities 

The iNEMI Roadmap process is designed to lead the electronics industry in the development of a ten-year 

vision of research needs. The goal of this process is to ensure a vibrant, innovative electronics industry by 

prioritizing the wide range of research needs identified in the iNEMI Roadmap. This vision serves as the core 

of this document and as a starting point for development of stakeholder groups to further vet the identified 

needs and determine what it would take to meet them. Over the last decade the electronics industry has been 

transformed from vertically integrated OEMs to a widely distributed, global, multi-firm supply chain and 

consumers are equally widely distributed and global. The R&D infrastructure that went with well-funded, 

vertically integrated OEMs has likewise largely disappeared, leading to a growing gap between industry 

research needs and the resources available to meet them. Critical needs for research and development exist 

throughout the supply chain and; with this distributed supply chain; few companies have the resources to 

conduct the R&D necessary to meet these needs. A partial solution has been the establishment of vertical 

teams still driven by OEMs to develop critical new technologies while sharing the costs and risks. Through 

setting the industry’s Research Priorities, iNEMI is working to catalyze the entire industrial supply chain, 

universities, research institutions, and governments to not only create and implement innovative technologies, 

but also to develop innovative solutions for partnering and financing the R&D base which allows these 

innovations to be created. 
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5.3 Results from the 2013 Roadmap 

The 2013 iNEMI Roadmap identified over 100 significant research needs that will require sustained attention 

to solve. Through the Research Priorities identification process, the highest priority, long-term research needs 

were established in design, manufacturing processes, materials and reliability, and sustainability. These high 

priority needs include modeling lifetime reliability of electronics, controlling alternative energy systems (solar 

and wind), establishing models, tools, and metrics for life cycle analysis to promote sustainability, and 

developing new material systems and novel architectures to mitigate electro migration risk with reduced 

bump pitch and shorter bump height in high current density device packaging. By putting these needs into 

context through the Roadmap process it is hoped that their importance to the future of electronics will become 

evident and that they will receive the attention and resources they require. 

5.4 Turning Research Priorities into Reality 

iNEMI is not a funding agency itself and member-funded projects normally focus on the medium term 2-5 

year time frame. The aim of publishing the iNEMI Research Priorities is to facilitate the resolution of 

identified longer term pre-competitive needs for the electronics industry worldwide. These are communicated 

to government agencies and laboratories, universities, consortia, and companies world-wide to help them 

match identified needs with their research priorities and influence the availability and focus of funding. 

In the US, major government funding agencies critical to electronic systems development include the 

Department of Commerce (primarily through NIST and the Advanced Manufacturing Partnership, 

www.nist.gov), Department of Energy (www.energy.gov, http://arpa-e.energy.gov  ), the National Science 

Foundation (www.nsf.gov ), and the Department of Defense through SBA, STTR and SBIR as well as 

DARPA (www.dodsbir.net, www.darpa.mil ). The National Nanotechnology Initiative (www.nano.gov) 

tracks progress across all the US Government programs and encourages Signature Initiatives; for example, 

Electronics 2020 focusing on future needs. With an increasing emphasis on reviving domestic manufacturing 

and commercialization as Asian manufacturing moves from export to internal fulfillment (China is now the 

world’s largest consumer of automobiles, cell phones, personal computers and TVs), we are starting to see 

strong funding initiatives on targeted topics worldwide. Examples include the European Graphene Flagship 

Initiative (www.graphene-flagship.eu) and the programs under the European Community 7th Framework 

(www.cordis.europa.eu) involving innovative projects such as NEWIRES (semiconducting nanowires). 

Global private consortia such as the Semiconductor Research Corporation (www.src.org) play a vital role in 

product and process development and commercialization. iNEMI is pleased that the US Government has 

chosen to fund the development of manufacturing capabilities in three of the emerging technology areas 

identified in Chapter 3 of this document. 

Funding long-term research in a time of short-term financial restraints always carries the risk of disruption. 

As economies worldwide climb out of the historic recession, we hope that manufacturing and technical 

initiatives critical to the electronics industry will be increasingly and responsibly funded over the next ten 

years. 

http://www.nist.gov/
http://www.energy.gov/
http://arpa-e.energy.gov/
http://www.nsf.gov/
http://www.dodsbir.net/
http://www.darpa.mil/
http://www.nano.gov/
http://www.graphene-flagship.eu/
http://www.cordis.europa.eu/
http://www.src.org/
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Appendix A: 2013 Research Priorities Process 

The development of the 2013 Research Priorities was a more inclusive process than the preparation of 

previous editions has been. The process started, as it traditionally has, by extracting research needs, defined as 

identified strategic technology needs in the 5 to 10 year period, from the 2013 iNEMI Roadmaps. This 

extraction was performed by Chuck Richardson of the iNEMI staff and then reviewed by seven TIG 

Committees, the Technical Committee, and finally the iNEMI Research Committee during January through 

September 2013. 

From these needs Chuck Richardson created a draft Research Matrix which listed some 100 strategic needs 

and categorized them according to the iNEMI Research Area. The research committee then voted on the top 

6-7 and designated them as “top research needs”, presented in chapter 4, from the 2013 iNEMI Roadmap. 
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Appendix B: 2013 iNEMI Roadmap Overview 

B.1 Introduction 

Electronics is the single largest manufacturing employer in North America and based on the value of 

manufactured product, it is the second largest manufacturing industry. Electronics is also an essential input to 

the competitiveness and productivity of many other sectors of the economy. These include the automotive and 

aerospace industries, which are becoming increasingly reliant on electronics components for their 

manufacturing and operational activities. 

The Electronics Sub Committee (ESC) under the Civilian Industrial Technology Committee of the National 

Science and Technology Council worked with the private sector to create the National Electronics 

Manufacturing Initiative (NEMI). NEMI was established to promote collaborative development by industry, 

government, and academia of technology and infrastructure required to facilitate the manufacture of new 

high-technology and electronic products in North America. This initiative, now industry-led and open to all in 

the electronics industry, seeks to meet industry goals of improved profitability and global competitiveness.  

In 2004, NEMI changed its name to iNEMI (International Electronics Manufacturing Initiative) to reflect the 

growing global impact on members’ supply chains and the need for an ever increasing global view of the 

roadmap participants. A proactive effort was made to recruit more international members in the roadmap 

effort and has resulted in participation from 18 different countries. 

The structure of iNEMI borrows three successful elements from the Semiconductor Industry Association 

(SIA) and SEMATECH; a roadmapping and technology planning process driven by major end users; a 

council made up of executives/senior managers of electronics manufacturers; and a focus on results, 

particularly on infrastructure development and deployment. Unlike SEMATECH, however, iNEMI relies on a 

decentralized organization to leverage existing resources within industry and other consortia. The 

fundamental activities of iNEMI include the creation of electronics manufacturing technology roadmaps and 

the implementation of projects that develop and promote the necessary supply chain infrastructure.  

 

B.2 iNEMI Roadmap Process 

The 2013 International Electronics Manufacturing Technology Roadmap is driven by the six product sectors 

defined in Table 1. Each product category is characterized by key cost, performance, and technology drivers 

which were developed by OEMS with a market vision in each sector. The leading electronic systems 

manufacturers are basing their strategic planning for new products on the assumption that the electronics 

infrastructure will develop and implement the technology to meet these key drivers. These drivers were then 

used to develop individual technology roadmaps that identify needed technology. 
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Table B.1: Product Sectors of the 2013 iNEMI Roadmaps 

Emulator Characteristics 

Consumer / Portable 
Produced in high volumes, cost is the primary driver. Hand-held, 
battery powered products are also driven by size and weight. 

Office Systems 
Driven by the need for maximum performance over a wide range of 
cost targets. 

Automotive Products Products that must operate in an automotive environment. 

High End Systems 
Products that serve the high end computing, networking, datacom, 
and telecom markets and cover a wide range of cost and performance 
targets. 

Medical Products 
Products that must operate with high reliability, especially in cases that 

support life-critical applications. 

Aerospace / Defense Products that must operate reliably in harsh environments. 

 

All sectors are looking for smaller and lighter products with increased function and performance that can 

reliably operate in a wide range of environments. The key variables for each of the sectors are the time to 

market and price that the customer is willing to pay for the product. The following paragraphs summarize the 

state of the market and the key drivers by product sector. 

B.2.1 Consumer and Portable Product Sector Drivers 

 High volume products for which cost is the primary driver, including televisions, portable radios, CD 

players, and low-end portions of the cell phone and personal computer markets 

 Reducing total supply chain cost is a key driver and has led to a distributed supply chain 

 This sector also includes hand held, battery-powered products 

 Driven by size and weight reduction 

 Typical products are high-end cell phones, palmtop computers, PDA’s, and wireless email or 

short messaging devices 

 Key elements 

 Packaging, materials and processing technology 

 Supply chain optimization 

 Design architecture 

 This product sector is a growth market with a demand for increased functionality 

 Increased energy storage and power efficiency are gating increased functionality 

 The need for rapid introduction of complex, multifunctional new products has favored the 

development of functional, modular components 

 Modular design increases the flexibility and shortens the product design cycle, placing the technology 

risk and test burden on the producers of the modules 

B.2.2 Office System Product Sector Drivers 

 Maximum performance within a thousand dollar cost limit 

 Examples include desktop PCs and terminals, local storage, printers, fax and copy equipment 

 Stable market with demand for increased processing and storage performance 

 Products have migrated towards legacy-free products 

 Supply chain optimization becomes critical for cost control 

 A continued focus on shorter, seasonal production cycles 
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B.2.3 Automotive Product Sector Drivers 

 Products that must operate in extreme environments 

 Extreme reliability required to meet warranty requirements and mission critical applications 

 Sensor and actuator technology are important drivers for new applications 

 Product life-cycle and design cycle are significantly longer than for other sectors 

 Need to respond quickly to environmental legislation and customer specifications is driving a faster 

design cycle 

 Conversion of analog sensor components to digital will require an architecture change to systems that 

can distribute power at a higher voltage and control commands at a high frequency on a single wire 

B.2.4 High End Product Sector Drivers 

 High data rate, high density, high channel count, and low cross-talk electrical connectors are driven 

by next generation high speed backplanes 

 Products that require high reliability 

 High data rate and high power connectors are driven by wireless requirements 

 Characterized by very high performance, high clock frequency, high reliability, and high power 

density 

 Product examples are large mainframe computers, routers, communications switches, servers and 

cellular base stations 

 The market has seen significant erosion particularly in telecommunications and long haul fiber optic 

systems 

 Packaging and design technology has changed from proprietary to commercial 

 Materials and component cost reduction are increasingly important 

 Material changes for increased performance is a gating item 

 Cost-effective communications bandwidth is a key driver with uncertain cost-performance trade-offs 

between copper, optical, and wireless technologies 

 The long design cycle and product life cycle is inconsistent with the life cycle for consumer product 

components 

B.2.5 Aerospace / Defense Sector Drivers 

 High performance signal processing of sensor data 

 These products usually require both forward and backward traceability as well as stringent control of 

material and process change 

 The long design cycle and product life cycle is inconsistent with the life cycle for commercial 

components 

B.2.6 Medical Product Sector Drivers 

 Products that require high reliability 

 These products usually require forward and backward traceability as well as stringent control and 

qualification of material and process changes 

 Requirements for integrated sensor, reporting, and IT capability 
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Appendix C: iNEMI Overview 

C.1 iNEMI History 

 NEMI grew out of two separate efforts to recapture American leadership in electronics 

manufacturing. In 1993, the American Electronics Association (AEA-today TechAmerica) conducted 

a study (led by Mauro Walker, Senior Vice President and Director of Manufacturing at Motorola) on 

the US electronics manufacturing infrastructure. Based on the results of this study, AEA 

recommended that the Administration create a national initiative in electronics manufacturing, 

focusing on strategic electronic components and electronics manufacturing systems. The second 

effort originated with the National Science and Technology Council’s Electronics Subcommittee 

(ESC), chaired by Lance Glasser, Director of the Electronics Technology Office at the Defense 

Advanced Research Projects Agency (DARPA). 

 In 1994, Dr. Walker and Dr. Glasser teamed up to initiate the creation of NEMI. Over a 10-month 

period, they met with representatives of government, executives from many of the industry’s largest 

manufacturers of electronic home and business products, and executives from the suppliers that 

manufacture the constituent materials, components, and subassemblies. The first NEMI Roadmap was 

produced in 1994 and NEMI was incorporated in January, 1996, later to become iNEMI in 2004. 

 

C.2 iNEMI Mission 

 iNEMI is a North American based consortium dedicated to: Forecast and Accelerate improvements in 

the Electronics Manufacturing Industry for a Sustainable Future. 

 

C.3 iNEMI Organization 

 The iNEMI Board of Directors defines the policy, strategy and direction of iNEMI; has operational 

responsibility for the iNEMI organization; is responsible for the iNEMI Executive Secretariat and 

reviews the performance of all projects and programs. 

 The Executive Secretariat includes the Executive Director/CEO and a small support staff. This group 

provides the administrative support for the organization, including coordination of meetings, 

maintenance of data bases, publishing and distribution of documents, providing assistance to the 

Technical Committee, and performing other necessary administrative duties. 

 The iNEMI Technical Committee facilitates and coordinates all iNEMI technical activities and is 

comprised of OEM and supplier representatives as well as government, university, industry 

association representatives and iNEMI Staff. The Technical Committee reports to the Board of 

Directors and Co-chairs of the Committee are ex-officio members of the Board. The Technical 

Committee develops and maintains the iNEMI Technical Plan and Prioritized Research Documents; 

approves development and deployment of projects; appoints Technology Integration Group and 

Project Chairs; and organizes, manages, and publishes the biannual iNEMI Roadmap.  

 The Technology Working Groups (TWGs), work with to the Director of Roadmapping, are 

responsible for developing the technology roadmap, identifying the technology gaps, and 

recommending key technical areas for the TIGs to address. TWG membership is open to the entire 

industry, worldwide. Currently some 20 industry groups, along with 6 Product Sector Chairs are 

facilitated by the Director of Roadmapping.  

 The Technology Integration Groups (TIGs), currently seven in number, are responsible for 

developing the Technical Plan, identifying technology needs, and establishing projects to address 

them. TIG membership is limited to iNEMI members. 
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Figure 2: iNEMI Organization Chart 

 

C.4 iNEMI Deliverables 

iNEMI activities produce five key resources and benefits for global electronics manufacturers: 

  Technology Roadmaps 

 Collaborative Deployment Projects 

 Research Priorities Documents 

 Proactive Forums 

  Position Papers 

 

C.5 Standards 

In the course of the project activities, iNEMI’s work often affects existing standards or requires new standards 

to be written. Each project considers standards activities required before it is formally approved by the 

Technical Committee. However, iNEMI does not choose to release or maintain standards. Instead, iNEMI has 

developed relationships with existing standards organizations, such as IPC, IEEE and JEDEC, to develop, 

release and/or influence standards of interest to iNEMI members. 
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C.6 Further Information 

For availability of referenced documents (such as the latest iNEMI roadmap or Annual Report) and other 

information on iNEMI, please contact iNEMI at: 

Voice – +1 703-834-0330 

Email – infohelp@inemi.org 

Website – www.inemi.org 

 
 

mailto:infohelp@inemi.org
http://www.nemi.org/

