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Executive Summary Highlights
The 2013 Roadmap was developed by 20 Technology Working Groups 
(TWGs), in response to inputs from representatives of OEMs in six Product 
Emulator Groups (PEGs). The PEGs are defined on page 3, and TWGs are 
listed on page 2.

These groups included more than 650 individuals recruited from over 
350 corporations, consortia, government agencies, and universities in 18 
countries. iNEMI also coordinated with, and solicited input from, 14 other 
industry consortia and associations.

• CPMT (Components, Packaging & 
Manufacturing Technology Society 
of IEEE)

• ECIA (Electronic Components 
Industry Association)

• EIPC (European Institute of Printed 
Circuits)

• iMAPS (International 
Microelectronics Assembly & 
Packaging Society)

• INSIC (Information Storage Industry 
Consortium)

• IPC — Association Connecting 
Electronics Industries

• ITRS (International Technology 
Roadmap for Semiconductors)

• The Microphotonics Center at MIT

• MIG (MEMS Industry Group)

• OIDA (Optoelectronics Industry 
Development Association)

• PSMA (Power Sources 
Manufacturers Association)

• SCOR (Supply-Chain Council)

• SMTA (Surface Mount Technology 
Association)

• TPCA (Taiwan Printed Circuit 
Association)
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2013 Product Emulator Groups (PEGs)
Emulator Characteristics

Aerospace / 
Defense

Products that must operate reliably in extreme 
environments 

Automotive 
Products Products that must operate in an automotive environment 

Consumer / 
Portable

Produced in high volumes, cost is the primary driver, hand-
held, battery-powered products are also driven by size and 
weight reduction

High-End 
Systems 

Products that serve the high-performance computing/
storage markets, including networking, datacom and 
telecom, and cover a wide range of cost and performance 
targets

Medical Products Products that must operate with high reliability and, in 
some cases, support life-critical applications 

Office Systems Driven by the need for maximum performance over a wide 
range of cost targets

Situation Analysis
Business
Growth rates remain modest as the world deals with the continued 
hangover from the great economic downturn. While some new product 
sectors are seeing rapid expansion, the overall growth of the electronics 
industry remains at 5-6%. Unemployment remains stubbornly high in both 
Europe and North America, influenced by a number of factors such as high 
deficits, default risks, and general uncertainty about the future. Business 
models are in a state of flux as the full impact of cloud computing emerges. 
Credit remains tight in a number of markets, further constraining potential 
growth.
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Rapid consumer product lifecycles quickly drive premium pricing toward 
commodity levels with only the most creative products enjoying a relatively 
longer period of healthy margins at the OEM level. 

Asian companies continue to dominate high-volume electronics 
manufacturing. Within the EMS segment we see the top ten firms 
accounting for more than 60% of the contract manufacturing market. 

According to New Venture Research (NVR), EMS suppliers achieved a total 
available market (TAM) penetration rate of 22.6% by 2011. By 2016 the 
penetration rate is projected to reach 26.9% – an increase of more than $10 
billion in revenues worldwide. This represents a compounded annual growth 
rate of 8.2% – significantly higher than that of the OEM market growth rate. 
However, security concerns, rising transportation costs, and an increasing 
emphasis on sustainable business practices have recently slowed this 
penetration in some segments.

Regulatory
Regulatory requirements continue to expand on a global basis, both in 
terms of new directives as well as expansion of existing laws and guidelines. 
While the European Union (EU) led the way with directives such as RoHS 
(Restriction on use of certain Hazardous Substances), WEEE (Waste from 
Electrical and Electronic Equipment), and REACH (Registration, Evaluation, 
Authorization and Restriction of Chemical substances), we are now seeing 
an explosion of new requirements from many regional, national, and local 
governments. Industry is struggling to keep up with the ever-expanding 
portfolio of regulations.

• Active public debate has been focusing on energy consumption, climate 
change, eco-design, access to clean water, limiting parts in electronic 
equipment, e-waste or recycling, hazardous material restriction and 
registration, and conflict-free materials sourcing. These issues are driving 
policy makers, advocacy groups, designers, marketing teams and 
consumers to demand greater transparency from information technology 
tools.
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• Industry leaders are beginning to realize that it may be better not to wait 
for regulations to come into force but to voluntarily strive to develop 
the best sustainable alternatives for the environment as soon as viable, 
cost-effective solutions are available. This approach requires careful 
orchestration of the supply chain. 

• The key to efficient adoption of sustainable solutions may be to develop 
new technologies that can be deployed broadly across many sectors 
of the market and product portfolios. From ICT to aerospace, medical, 
automotive and consumer electronics, economics and reliability must be 
in the forefront of development and integration of new technologies. 

• Sustainability must become 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. Defacto “standards,” such as those from IPCC (Intergovernmental Panel 
on Climate Change) and the Gabi database, may emerge.

• In response to the ever-expanding list of banned materials and 
substances, industry must continue to assess the true lifecycle 
environmental impact of materials and potential trade-offs of alternatives. 
Harmonization of global requirements is a major challenge.

Market
The boundaries among computers, communications and entertainment 
products have blurred. Flat panel displays are the norm for virtually all 
applications, with touch screen technology becoming more prevalent in a 
number of product categories. Wireless products continue to proliferate and 
this is opening up new applications in a number of segments. We are seeing 
dramatic growth of mobile Internet applications, including the massive 
demands for mobile data, the growth of mobile video, and the rise of the 
smart phone as the new gateway to the web. Cisco reports1 that, globally, 
mobile data traffic in 2012 grew 2.3-fold over 2011, more than doubling 
for the fourth year in a row. The report also predicts that, by 2016, there 
will be 1.4 mobile devices per capita, totaling more than 10 billion mobile-
connected devices.

1. Cisco Visual Networking Index: Global Mobile Data Traffic Forecast Update, 2011–2016 (http://www.cisco.com/en/US/
solutions/collateral/ns341/ns525/ns537/ns705/ns827/white_paper_c11-520862.html)
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Home and office functionality is being added to automotive products, 
which leads to growing concerns over driver distraction. The needs of the 
telecommunication and data communication infrastructures are converging. 
With the move to all-digital communications and storage we see the 
convergence of a number of markets and their applications (medical, 
consumer, automotive, entertainment, communication, computing, 
security).

Prismark Partners predicts market growth as follows:

• Worldwide production of office equipment totaled $223 billion (Bn) in 
2011, and is expected to grow at an average rate of slightly less than 1% 
per year to reach $233Bn in 2017. This is the third largest segment of the 
$1.56 trillion electronics industry, accounting for about 14% of overall 
production, and is driven by business and small office spending. 

• High-end systems equipment accounted for $250Bn in 2011, having 
grown by almost 9% from 2010. This sector is also a new grouping of 
products for the roadmap and includes two principal sectors: (1) computer 
servers and data storage systems, and (2) communications infrastructure.

• The automotive electronics industry accounted for about 11% of 
global electronics production and reached $164Bn in 2011. After an 
extraordinarily strong recovery year in 2011 with over 14% growth, the 
sector is still expected to experience relatively strong growth through 
2017, increasing at a CAAGR of almost 8% per year. The confluence of 
accelerating electronic content across the globe with strong emerging 
market vehicle sales growth bodes well for the automotive electronics 
market over the next six years. After 2017, we expect growth to revert back 
to historical norms at less than 5%.

• The portable and consumer sector is by far the largest sector of the 
electronics industry and accounted for $588Bn in equipment production 
in 2011, representing 38% of total production. In addition, it grew by 
over 16% from 2010, and is expected to grow by almost 7% per year to 
achieve $877Bn in sales in 2017. This sector has also been changed for 
this roadmap cycle and includes portables (mobile phones, notebook 
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computers, digital cameras, camcorders, PDAs, media tablets) and non-
portables (televisions, VCRs, DVD players, stereos). 

• Medical electronics equipment production totaled an estimated $91Bn 
in 2011, accounting for about 6% of the global electronics industry. This 
market is expected to continue to increase at an average rate of 4.6% per 
year to reach $119Bn in 2017. 

• Military and aerospace electronics equipment production totaled 
approximately $124Bn in 2011, accounting for about 8% of the global 
electronics industry. This sector experienced relatively slow growth during 
2011 and grew by only 2.5% from a base of $121Bn in 2010. This market is 
expected to continue to increase at an average rate of only 2.6% per year 
to reach $145Bn in 2017. 

Technology
Multi-core processors are now the norm for most computing applications 
(notebooks, desktops, and servers). A consequence of the expected demise 
of the traditional scaling of semiconductors is the increased need for 
improved cooling and operating junction temperature reduction due to 
large leakage currents. The consumer’s demand for thin multifunctional 
products has led to increased pressure on alternative high-density 
packaging technologies. High-density 3D packaging of complete functional 
blocks has become the major technology challenge. 

• System-in-package (SiP) applications have become the technology driver 
for small components, packaging, assembly processes and high-density 
substrates.

• The use of motion-gesture sensors in various consumer and portable 
devices has expanded the MEMS gyroscope market, and three-axis 
integrated sensors are becoming the norm.

• Performance and size requirements are driving the adoption of 3D IC 
designs and the first applications of through-silicon vias are now in 
production.

Internet traffic, especially video content, is driving traffic up approximately 
50% per year now and in the foreseeable future. The telecommunications 
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system and everything down to semiconductor chips must grow 
proportionally (from both a capacity and performance viewpoint) to support 
that traffic. In addition, new mobile applications, such as Apple’s Siri, require 
large amounts of computing power, resulting in warehouse computers that 
consume 50+ megawatts. These changes drive optical technologies. 

As data rates increase, optical methods are replacing copper/electronic 
methods at ever shorter distances. The current transition point is at data 
rates of 10 Gb/s and distances of 10-100 meters. When data rates or 
distances greater than those are needed, optical methods are attractive 
because they often reduce both power consumption and physical size up 
to 75%. Soon, 25 Gb/s technology will be available in CMOS technology 
resulting in ever-wider use of optical methods at still shorter distances.

Highlighted Needs
The 2013 iNEMI Roadmap identifies significant needs and trends in design, 
manufacturing, and component/subsystem technologies, along with 
business processes and technologies. Those needs that are already affecting 
electronics manufacturing and the way that we do business are highlighted 
below. 

Information Management
• Product traceability, security, and anti-counterfeiting needs are increasing.

• Full system optimization (from design to end of life) can provide major 
efficiency gains.

• Lack of adoption of existing standards is limiting progress.

• The drive toward patient records portability has spurred a growth in 
information technology in the medical sector as healthcare providers and 
insurance companies strive toward global accessibility of personal health 
records of patients. In addition, the in-hospital and clinician shift toward 
paperless healthcare is pushing the IT and records retention side of the 
industry.
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Design Technologies
Design and simulation tools are a roadblock to more rapid introduction of 
new materials and technologies. 

• Reliability, mechanical analysis and simulations.

• Interfacial delamination 

• Moisture modeling 

• Material characterization 

• Process modeling 

• Thermal and thermo-fluid simulations.

• Passive thermal management 

• Efficient and accurate thermal radiation 

• Increased need for system-level simulations

Commercial design tools for manufacturability, test and assembly are needed 
by EMS firms to increase manufacturing productivity and reduce costs.

Manufacturing Technologies
With research and development (R&D) responsibility shifting from OEMs 
to the ODMs and EMS companies, government, academia and industry 
consortia need to formulate new ways to adopt and develop emerging 
technologies (such as nanotechnology) into the manufacturing process. 
These new approaches will have to be consistent with viable business and 
funding models (see Strategic Concerns) required to create new industrial 
infrastructures. Specific manufacturing development targets include:

• Process development to accelerate miniaturization.

• Assembly processes that support 3D structures and low-temperature 
processing.

• Cost-effective product traceability solutions.

• Anti-counterfeiting solutions. 

• Reliability methodologies for 3D structures.
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• Inspection/test technologies need to keep up with increasing density/
complexity of component packages. 

Component/Subsystem Technologies
• Higher thermally conductive materials and improved thermal spreader 

solutions. 

• Assessment methodologies to quantify environmental impact of 
alternative materials. 

• Lack of test access impacts coverage – both physical (e.g., bed of nails) 
and virtual (e.g., boundary scan adoption). 3D structures/miniaturization 
compound the problem. 

• Low-cost, high-density, high-performance PCB substrate technology (rigid 
& flex).

• Lower dielectric constant materials to improve the performance of high-
speed systems.

• New technologies and materials for next-generation storage devices.

• Miniaturization is pushing limits of connector designs (alloy grain size, 
selective plating). 

• New photovoltaic and LED materials with greater efficiency.

• Current Pb-free solutions (i.e., those containing silver) are not compatible 
with hospital environments where chlorines are used for disinfecting 
medical devices. 

• Photonic integrated circuits (active devices) (PIC) and planar lightwave 
circuits (passive devices) (PLC) will be needed to minimize physical size. 

• Improved inverter efficiency and reliability for alternative energy 
applications. 

• Alternatives to electrolytic capacitors with improved reliability. 

Optical Data Transmission 
• Methods to transmit more data through existing plant using advanced 

modulation methods rather than installing more fiber.
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• LANs — active optical cables to lower power and size in data centers and 
warehouse computers.

• Backplanes — either an optical/electrical connector for daughter cards 
to the backplane or a new physical architecture. Benefits will need to be 
significant in order to offset the high costs and risks.

• In-to and out-of package — high-end processors will soon require more 
I/O data density (bits/mm2 or bits/mm) than electronics can support, 
making optical technology attractive, possibly using optical interposers. 

Strategic Concerns
The restructuring of the electronics industry from vertically integrated OEMs 
to a multi-firm supply chain has resulted in a disparity in R&D needs versus 
available resources. Critical needs for research and development exist in the 
middle part of the supply chain (IC assembly services, passive components 
and EMS assembly), yet these are the firms least capable of providing R&D 
resources. As this issue becomes more critical, industry collaboration is 
gaining traction in a number of venues (e.g., university R&D centers, industry 
consortia, “ad-hoc” cross-company development teams). 

Other strategic concerns include:

• Consumers are increasingly concerned about the impact of electronics 
products on safety, energy usage and the environment. Conflicting sources 
of public information can cause confusion and less-than-optimum solutions. 

• Harmonization of environmental regulations for electronic products must 
be driven through international standardization. 

• The mechanisms for cooperation between industries and among 
researchers working in all advanced technologies must be strengthened. 
Cooperation among OEMs, ODMs, EMS providers and component 
suppliers is needed to focus on the right technology and to find a way to 
deploy it in a timely manner.

• Disruptive technology offers opportunity for innovation. In order to ensure 
success, the supply chain must be willing to invest with a long-term 
perspective in mind.
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Paradigm Shifts
The most important paradigm shift identified in the 2013 Roadmap is the 
impact of cloud-connected digital devices. The movement to the cloud, 
coupled with the uncertainty regarding what type of “terminal” devices the 
market will favor (PC, tablet, smart phone, TV), has the potential to cause 
major disruptions across the industry. In the next four to five years, the 
industry is likely to see major transitions in business models. In high-end 
products we expect to see:

• Huge data centers operating more like utilities (selling data services).

• Local compute and storage growth may slow (as data moves to the cloud).

• “Rent vs. buy” for software (monthly usage fee model).

In the case of “terminals,” both in terms of hardware and software, there is 
great uncertainty as to what the user will favor for both business use and 
personal use. 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.

The board assembly roadmap is predicting another migration to lower 
temperature and lower cost lead-free solder materials in 2013-2017; 
however, there is no clear strategy for achieving lower temperature other 
than high bismuth containing alloys. 

Other paradigm shifts identified in the 2013 iNEMI Roadmap include:

• Need for continuous introduction of complex multifunctional products to 
address converging markets favors modular components or SiP (2D & 3D)  
to increase flexibility and shorten the design cycle.

• Rapid evolution and new challenges in energy leading businesses such as 
SSL and automotive (e.g., EVs and HEVs). 

• Sensors everywhere – MEMS and wireless traffic!

• Advancement of automotive safety systems and potentially broader use in 
other segments.
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• Electronic component suppliers are utilizing embedded passive and active 
components, systems-in-package, systems-on-chip, or any other means to 
densely pack ICs with increased functionality. 

• Evaluation of alternative materials for connector housings and cable 
insulation to find replacements for brominated/chlorinated flame 
retardants and PVC. Initial results indicate that more development may be 
required to meet specifications of high-volume/low-cost applications. 

• While healthcare providers transition to tablet-sized devices to replace 
the traditional patient information system, a revolution of remote patient 
care is in the making. Patient monitoring as a proactive and preventive 
measure is expected to see major growth.

Key Recommendations
Standards Development
The need for standards development has been identified in a number 
of roadmap chapters. Many participants believe that the lack of timely 
standards is significantly slowing the implementation of technology and 
growth of markets. For example, standards are needed for:

• Data exchange and other information management needs that are based 
on software development lifecycle methods.

• Standardized final assembly process definitions and metrics.

• Standards and guidelines for ceramic interconnection substrates.

• MEMS standardization (e.g., standard process modules, MEMS packaging); 
however, the nature of MEMS applications seems to dictate some level of 
customization.

• Reliability test methods/standards for mission-critical applications such as 
implantable medical devices. 
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Design
The increasing OEM focus on time-to-market and the complexity of 
emerging technology will require significant development and investment 
in design tool infrastructure. The following areas need 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 

• Thermal and thermo-fluid simulations.

• Tools and methodology research and development needs in the 
manufacturing systems/supply chain management areas.

• Projected development and research needs 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.

Manufacturing Technology
Two major strategic needs generate the recommendations in manufacturing 
technology – the miniaturization of the product and the need for simplified, 
next-generation assembly processes. Significant development is necessary 
in the following areas.

• New approaches to organic substrate manufacture that provide dramatic 
increases in density, reduced process variability, improved electrical 
performance and significant cost reductions.



15

• Manufacturing processes at all packaging levels to deal with warpage and 
thin format products.

• 3D package stacking development with emphasis on assembly, testing, 
cooling, and reliability.

• There are compelling advantages of 3D TSV technology; however, 
commercialization is gated by the development of the industry 
infrastructure and the supply chain. 

• Low-temperature assembly, both tactical (soldering) and strategic 
(opportunities for “room temperature” processing).

Materials Development
• A combination of materials and fabrication research is needed to support 

the development of monolithically integrated optics and electronics that 
take advantage of the electronics infrastructure.

• Low-cost, higher thermal conductivity, packaging materials, such as 
adhesives, thermal pastes and thermal spreaders.

• Next generation of solder materials to replace the high-cost/high-
temperature silver containing alloys and also non-silver bearing alloys for 
medical applications.

• New interconnect technologies deploying nano-materials to support 
decreased pitch and increased interconnect frequencies.

• High-performance laminates that are competitively priced.

• Clearer specifications for new materials that are supported by a broad 
base of customers to increase market size and reduce the risk for materials 
R&D.

• Reliability testing methodologies for new materials.

• Development of LED and photovoltaic materials to facilitate high-
efficiency solutions.
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Sustainability
• Sustainability needs to become 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. 

• Support research and development to create a sustainable infrastructure 
and viable recycled materials market for use in new products and other 
applications. 

• Further promote EPEAT, harmonization of criteria and increased cross-
certification, and merge eco-design standards with eco-label/GPP (green 
public procurement) criteria. 

• Continue assessment of true lifecycle environmental impact of materials 
and potential trade-offs of alternatives. 

• Develop a vision with stakeholders of electronics impact on improving 
sustainability over 20 years.

iNEMI Technical Projects 
iNEMI has demonstrated an effective way to bring together stakeholders 
from the supply chain to develop and evaluate new standards to either 
replace outdated standards or to address new technologies. Currently iNEMI 
has such initiatives or projects for:

• MEMS reliability methodologies.

• Improving UL certification of laminates and PCBs. 

• Medical electronics reliability.

Several of the standards identified in the 2013 Roadmap may benefit from 
the process that iNEMI has developed.

A major new thrust in packaging is emerging and the roadmap has 
recommended a number of needed efforts. The following iNEMI projects are 
underway:

• Copper wire bonding reliability.

• Warpage characterization of organic packages.
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• Advanced silicon node underfill reliability.

Significant iNEMI project efforts have been completed to address the 
following environmental challenges.

• Non-competitive lifecycle assessments (LCAs) for ICT (information and 
communications technology) products.

• PVC replacement alternatives.

• LCA comparing PVC vs. PVC-free cables

• Technical evaluation of alternatives

iNEMI is currently evaluating additional environmental needs that have been 
identified in this Roadmap and will be issuing “Calls for Participation” for new  
initiatives in 2013.

iNEMI Technical Workshops 
Conducting industry workshops can be an effective mechanism to further 
define collaborative action plans to close technology gaps. Several have 
been identified.

• Organize a workshop to address the unique needs of automotive 
electronics.

• Organize a workshop to evaluate the needs for new technology and 
standardization in DC-DC power conversion, focusing on the needs of 
data centers and the automotive industry.

• Organize a workshop to prioritize test and inspection research areas 
such that plans are developed to address the top test, inspection and 
measurement issues. 
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