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2011 was a very interesting and challenging year for the worldwide electronics manufacturing 
business.  Two natural disasters of historic proportions — the earthquake and tsunami in Japan 
followed by major flooding in Thailand — had significant business and personal impacts on 
the supply chain and demonstrated again the importance of global supply chain health and 
availability across the industry. Additionally, the economic challenges in Europe and North 
America, coupled with a slowing of GDP growth in China, a�ected investment decisions.  
Nonetheless, the demand for high-performance electronics continued to grow and many 
industry players profited.

For iNEMI, 2011 was a year to continue building momentum, and we are proud to say that we 
have made major progress in growing the value we deliver to our members.

All of our Environmental projects stayed on schedule, highlighted by the HFR-free projects 
wrapping up their second phases with excellent learning and clear enabling of the laminate and 
PCB supply base. Similar performance was seen among the Eco-Impact, PVC Alternatives and 
Pb-Free Alloy Alternatives teams. These projects all have excellent member leadership and are 
focused on delivering timely results. 

In the Miniaturization focus area our six packaging projects have made excellent progress.  Five 
of these teams have completed their first-phase studies. Our two projects addressing electrical 
test, again with excellent leadership from our members, have also moved onto their next 
phases. During 2011, we continued our e�ort to determine other areas in which iNEMI should 
become involved. For example, a  MEMS workshop in Brighton, England, followed by a webinar 
and industry survey regarding the top collaborative opportunities in this rapidly growing market, 
resulted in two MEMS initiative teams currently being organized.

Increasing our emphasis on Medical Electronics is clearly paying dividends.  We have seen 
excellent follow-through from our two medical workshops. We now have three new projects in 
medical electronics and two additional initiative teams are starting up. 

As the result of many changes in the way we track and manage collaborative R&D, iNEMI 
members have seen significant improvements in the performance of our project teams. They 
are consistently meeting schedule targets and are staying focused on delivering solid business 
impact. 

Work on the 2011 Roadmap deliverables continued.  We have seen greater interest in our Roadmap 
outside our membership . We delivered strong versions of the 2011 Research Priorities and Technical Plan 
documents, which will help us select the highest impact projects.

We made solid progress in positioning to launch externally funded collaborative research projects in 2012.  
After growing our research institute membership by 160% in the past two years, we have a number of 
focused research proposals with the goal of getting several of these underway in 2012.

In summary, 2011 was an excellent year of progress and momentum building for iNEMI. We want to thank 
our entire membership for their support this year and we look forward to increasing their involvement for 
even greater results in 2012.
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Membership Growth
Once again, our year was marked by growth. We added 14 new members, 
half of which were outside 
of North America (five 
in Europe and two in 
Asia), thus continuing our 
transformation into a truly 
global consortium. In fact, 
by the end of 2011, nearly 
half of all our members 
(45 of 95 organizations) 
were located outside 
North America.

We also expanded our 
membership among 
research organizations, 
adding several research 
institutes to our roster (see 
Research section). 

Identifying Research Needs
We released the 2011 Roadmap to industry at the end of the first quarter 
and published the iNEMI Technical Plan and Research Priorities in the third 
quarter of 2011. We have already begun developing collaborative projects to 
meet some of the more critical needs identified, and are more proactively 
reaching out to the research community to stimulate research activities.

A Year of Growth
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Figure 1. iNEMI has seen a steady 
increase in membership over the past 
two years.

Figure 1. iNEMI Membership  
Growth 

Ta
b

le
 o

f 
C

o
nt

en
ts

Message from the  
Chairman & CEO 1

A Year of Growth 2

2011 Roadmap 3

Emphasis on Research 4

Collaborating to  
Move Ahead 5

Environment 6

Medical Electronics  8

Miniaturization 9

New MEMS  
Initiatives Forming 11

2011 iNEMI  
Council of Members 16

Contact Us 16

Table 1. International Members Across the Supply Chain

International Membership Headquarter Location;  
Number of Members

Business Type North 
America Asia Europe TOTALS

OEM 14 2 2 18

ODM/EMS (including 
packaging & test services)

4 5 9

Material suppliers 5 15 10 30

Equipment suppliers 8 1 2 11

Universities & research 
institutes

8 2 3 13

Organizations/consulting 11 1 2 14

Totals 50 26 19 95
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We rolled out the 2011 Roadmap to industry at the end of March with two 
public webinars — one for North America and Europe, and another for Asia.  
We continued to share roadmap findings throughout the year, delivering 
keynote addresses and other presentations in a variety of global and regional 
conferences, symposia and workshops, and have additional presentations 
scheduled in 2012.

The roadmapping process continued with gap analysis meetings and 
workshops to review and discuss the key research needs identified in the 
roadmap, and to identify those areas where iNEMI should focus our e�orts 
based on need, participation and ability to make a business impact. These 
discussions led to the publication of the 2011 iNEMI Technical Plan (available 

to members) and the 
Research Priorities 
(available to industry, 
research institutes and 
funding agencies).  

The Technical Plan 
provides five-year plans 
for iNEMI’s major focus 
areas. It identifies the 
projects and activities 
deemed necessary to 
close identified gaps. 
These plans become the 
basis for the formation 
of iNEMI projects. The 
Research Priorities 
document provides 
a 10-year vision of 
research needs to ensure 
a vibrant, innovative 
electronics industry 
by describing and 
prioritizing the research 
needs identified in the 
iNEMI Roadmap. 

2011 Roadmap

27 chapters 
in the 2011 iNEMI 
Roadmap and — for 
the first time — each 
could be purchased 
individually

Figure 2. The Technical Plan identifies key 
projects to close identified gaps.

Figure 2. iNEMI Technical Plan 

Collaborative R&D Initiatives 
and Project Growth
Our project roster also continued to grow, with a total of 14 active projects 
“on the books” by the end of 2011, five new projects in sign-up stage, nine 
active initiatives in formation, and 23 proposals under investigation or in 
development. Throughout the year, we continued to work with industry 
to identify those areas where a collaborative approach could deliver the 
greatest relevance and impact to our members as well as the electronics 
manufacturing industry as a whole. For example, we furthered our 
discussions regarding medical electronics and ended the year with three 
projects approved by the Technical Committee, all scheduled to launch in 
the first quarter of 2012. We also began a dialogue about MEMS technology, 
and are organizing two initial projects to address MEMS issues.  
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Emphasis on Research
The industry must not lose sight of the need for continued innovation 
and the development of disruptive technologies despite unrelenting cost 
pressures and shifting of manufacturing jobs to lower-cost regions.The 2011 
iNEMI Roadmap identified more than 60 significant research needs that 
will require sustained attention. The Research Priorities further refined that 
list to define the highest-priority, long-term gaps in design, manufacturing 
processes, materials, and sustainability (see Table 2). 

The process for developing this latest set of research priorities was more 
inclusive than ever before.  iNEMI sta�, along with our Technical and Research 
committees, created a matrix of strategic needs as identified in the roadmap.  
These needs were then reviewed and modified in a series of open workshops, 
which further refined the key technology challenges. Drawing on the insights 
and expertise of these groups, we distilled the list down to the most critical 
research topics facing today’s electronics manufacturing supply chain. 

The Research Priorities are distributed as a resource to encourage research 
groups and funding agencies to develop proposals and projects to meet the 
identified needs. 

The next step is to develop research programs, and we are taking a more 
proactive approach to generating research proposals. We already have five 
university proposals and will pursue funding for the most promising in 2012. 
Our goal over the next 18 months is to attract additional research partners 
who will prepare detailed research proposals. These proposals will be 
presented to our members through a series of webinars. All proposals will 
include a plan for public and private funding.

60 significant 
research needs 
identified by the 
2011 Roadmap 
and prioritized in the 
iNEMI Technical 
Plan & Research 
Priorities

Table 2. Highlights of Top Priorities by Research Area

DESIGN MANUFACTURING

 � Lifetime reliability models of wind and solar components

 � Component reliability models for high-voltage DC solar 
and wind systems

 � Predictive models of complex medical systems for 
reliability, mechanical and electrical performance

 � Predictive models based on laminate materials properties

 � Stress-free packaging of MEMS

 � High-current density device packaging

 � Technique for “warm assembly” of electronic assemblies

 � Advances in 3D/TSV packaging  

 � Vacuum control of packaged MEMS

 � Recycling processes for REMs* and other critical materials

 � High-volume, low-cost testing methods for MEMS

 � Advanced test solutions for high-density boards

MATERIALS & RELIABILITY SUSTAINABILITY

 � Alternatives to REMs* for electronics

 � Understanding of Pb-free failure distributions and modes

 � Use of post-consumer electronic plastics and recycled 
plastics in electronics

 � Improved materials to qualify for use in implantable 
devices

 � Next generation of solder materials that are lower cost, 
lower processing temperature, and improved deposition

 � A sustainable supply of key electronic materials: Cd, Te, 
In, Se, Ga, Ge and rare earth metals

 � Simplified lifecycle analyses for key electronic materials 
(mined metals, petroleum-based organic materials and 
bio-materials)

 � Simplified lifecycle analyses for additional key product 
segments

 � Improved understanding of the environmental impact of 
the use phase of electronic products

*REMs = rare earth metals
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Collaborating to Move Ahead
It was an active year for projects in our focus areas of Environment, Medical Electronics 
and Miniaturization. As shown in Figure 2, we’ve experienced steady growth in the 
number of projects launched over the past two years (2010 through 2011). Some of the 
newer projects are being led from Asia and Europe, as globalization continues.

Improving Performance
We implemented organizational guidelines for project formation and management to 
help shorten concept-to-launch time and improve performance to schedule.

Greater controls in the definition phase 
ensure that project teams more clearly 
define what they will work on. For 
example, an “IS/IS NOT” analysis is now 
required of all formation teams and is 
included in the Statement of Work (SOW). 
This analysis, and subsequent reviews 
during the execution of the project, help 
to limit “scope creep,” keeping project 
teams focused and on target. 

We also encourage project teams to 
initially investigate industry needs in 
the first phase of a project, which helps 
establish a good definition for subsequent 
phases; and we require project formation 
teams to provide a business impact 
section in the SOW.

These changes have led to greatly 
improved performance to schedule 
and have shortened the initiative phase 
by more than 50%. We will continue 
to improve our processes to assure 
both timeliness and relevance for our 
collaborative R&D e�orts.

Figure 3. Start of New Active Initiatives
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Figure 3. The number of collaborative projects has grown steadily over the 
past two years.
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Environment
iNEMI’s environmental initiatives continued to provide industry leadership throughout the 
year. Some of our longer-term e�orts, which have delivered significant advancements 
to our members with regards to Pb-free and HFR/PVC-free, were either completed or 
nearing completion by the end of 2011. 

HFR-Free Signal Integrity, Phase 2
Chair: Stephen Hall, Intel
Co-Chair: David Senk, Cisco 

The HFR*-Free Signal Integrity Project was organized to ensure there is no  
degradation of electrical signals in HFR-free PCB materials. The 21-company project 
team’s e�orts focused on an investigation of high-speed electrical performance of 
various HFR-free technologies supplied by team members.

Recognizing that a common measurement methodology was needed to compare 
the electrical parameters of dielectric materials and make design choices, the project 
team chose an S-parameter-based test method for all evaluations. They tested six HFR-
free materials from iNEMI member companies and three FR4 baselines.  Testing was 
performed in six labs, with three to five samples per lab.  

* HFR = halogenated flame retardant

By making relative comparisons of dielectric materials, the team was able to map those 
materials into desired electrical performance “envelopes.” Furthermore, they found that 
normalization of losses to an FR4 baseline would help designers choose replacement 
materials for FR4-based designs.

By identifying the critical electrical parameters, the team was able to place limits on 
material properties and help identify products suitable for specific design requirements. 

Ensuring signal integrity  for 
HFR-free PCB materials

COMPLETED

Hall
SenkSenk

Hall

Table 3. Critical Dielectric Design Parameters

Parameter Other Names Design Influences

Permittivity
Dk, �

r
, dielectric constant 

 � Characteristic impedance
 � Propagation velocity
 � Crosstalk

Loss tangent Df, tan�, dissipation factor  � Signal attenuation

Moisture absorption
Environmental e�ects of 
humidity

 � When dielectric materials absorb 
water, Dk and Df increase
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PVC Alternatives Project 
Chair: Scott O’Connell, Dell
Co-chair: Jim Arnold, iNEMI  

This project focused on understanding the lifecycle environmental impacts  
of three di�erent resins if used in the power cord of a RoHS-compliant, U.S. desktop 
computer. A screening lifecycle assessment (LCA) produced several key results that 
could be used by companies to better understand the potential environmental trade-
o�s when using these alternatives to PVC in cable applications.   

The project team looked at a cable using a PVC resin with phthalate plasticizer, a cable 
made of PVC resin with a bio-based plasticizer, and a non-halogen cable. The cradle-
to-gate scope covered materials, manufacturing, packaging and distribution. 

Input from power cord manufacturers highlighted several similarities between PVC 
and non-PVC materials. The project team did, however, find some di�erences in 
the manufacturing process that could have an impact on the LCA. For example, resin 
moisture content must be controlled for non-PVC as too much moisture will a�ect the 
mechanical and electrical properties of the cable after the extrusion process. 

The project’s investigations found that:

 � The di�erent resins were close in all of the impact categories except global warming 
potential (GWP). The PVC bio-based cable had the lowest GWP of all three when it 
came to manufacturing. 

 � Varying line rate speeds of di�erent resin types created minor changes in the 
acidification potential, GWP, ozone layer depletion potential and photochemical ozone 
creation potential impacts.

 � A survey of recyclers was conducted to understand the end-of-life disposition for PC 
power cords (e.g., % recycled, % incinerated, etc.).  Further analysis is required to assess 
the results.

Eco-Impact Evaluator for ICT Equipment, Phase 2 
Chair: Tom Okrasinski, Alcatel-Lucent
Co-chair: John Malian, Cisco

Providing eco-impact information for ICT (information and communication  
technology) products is an increasing requirement for placing products on the market. 
This project is working to develop a tool to more easily derive this information and 
provide designers with an assessment tool to evaluate lifecycle characteristics during 
product development. 

Phase 2, launched during 2011, is using the methodology and modules defined in 
Phase 1 to outline the elements needed to provide a science-based, simplified means 
of determining the key eco-environmental impact and improvement opportunities of a 
particular product type over its full lifecycle. The tool will categorize targeted products 
and assets and establish a unified format for requesting LCA information from 
suppliers. Key elements within these categories will be defined based on their relative 
importance in contributing to the overall eco-environmental impact of ICT equipment. 
The tool will also include a mechanism for updating the data and methods over time. 

Understanding environmental 
trade-o�s of PVC alternatives

COMPLETED

Enabling optimal eco-design 
choices on high-end products

NEW  
PHASE

Okrasinski
Malian

O’Connell
Arnold
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Medical Electronics
We organized three new Medical Electronics projects during 2011, all of 
which launched during the first quarter of 2012, and we had a fourth initiative 
in development. Medical electronics pose a unique set of requirements and 
challenges. These new projects are defining industry-standard solutions to 
common problems such as reliability, component specifications and supply chain 
development.

Component Specifications for Medical Products
Formation team leaders: 
Diganta Das (CALCE-UMD) 
Peter Lampacher (Vibrant MED-EL)

The Component Specifications Project will define a set of component-level reliability 
qualification methods for electronic components used in implantable and wearable 
medical devices. The goal is to develop specifications that can be accepted by device 
OEMs as well as supported by component suppliers. 

By developing a standardized methodology and approach across the supply chain, 
this project will help reduce the time currently spent in testing unique requirements. 
It will also allow the faster introduction of new component suppliers to the 
supply chain, which will enable the industry to leverage the significant forecasted 
growth opportunities in medical electronics while ensuring the quality and reliability 
performance demanded of these critical applications.

Defining Reliability Requirements for Implantable Medical Devices
Chair: John McNulty, Exponent, Inc.  
Co-chair: Erik Jung, Fraunhofer IZM

This project will define reliability testing for implantable medical devices. Existing 
standards for reliability testing are derived from standards for high-reliability products 
typically deployed in harsh operating environments (e.g., military, automotive or 
avionics). These standards may overstress the implants, leading to over-engineered 
products. At the same time, they do not reflect the specific requirements of 
implantable electronic products and can lead to under-estimation of specific failure 
mechanisms and rates. 

This multi-phase project will review reliability standards relevant to implantable medical 
electronic devices, analyze gaps, develop protocols and recommend methodologies.

Qualification Methods for Portable Medical Products
Chair: Grady White, NIST
Co-chair: Jack Zhu, Boston Scientific

This project will develop a reliability qualification method for portable electronic 
medical equipment, including the peripheral products of implantable systems. 
Portable medical devices are products such as patient monitoring systems that 
are used to measure and monitor patients’ vital signs and other bodily functions, 
including home diagnostics products. The rapid growth of the use of electronics in 
medical devices and the recent market-driven need to shorten time to market for new 
products has revealed the lack of a consistent approach for determining the reliability 
performance of portable devices. As a result, time-consuming and redundant testing 
occurs at many stages of the product development and qualification cycle. A standard 
methodology and qualification procedure will enable changes to be made more quickly 
and products brought to market in a shorter time.

NEW 
PROJECT

NEW 
PROJECT

NEW 
PROJECT

Jung

Zhu

McNulty

White

3 new projects 
to improve product 
reliability while 
reducing costs and 
time to market

Lampacher
Das
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Supply Chain Support of Medical Products
Formation team leaders:
Abdullah (Allen) Mayar, Kemet 
Eddie Suckow, Fairchild Semiconductor  

By the end of 2011, a formation team had begun to develop the Statement of Work for 
this new initiative. Several topics are being discussed for the scope of work, including:

 � Create information about component and supplier capabilities, including supplier/
OEM business models to support new product introduction (NPI), change control and 
product requalification, and requirements for long-life products.

 � Create best known method templates for such things as OEM/supplier operating 
agreements.

 � Stimulate supply base for medical (components, materials, etc.).

The team is expected to have a Statement of Work completed in the first quarter of 2012. 

Miniaturization
Five packaging projects launched this year and made excellent progress. Leadership for 
two of these new projects is based in Asia. 

We also saw significant activity in projects in our Board Assembly and Test TIGs 
(Technology Integration Groups).

An iNEMI workshop focusing on MEMS (microelectromechanical systems) technology 
was held in Europe in September. The workshop stimulated industry discussions 
regarding technology gaps and opportunities and led to identification of two new 
initiatives to be developed as iNEMI projects (see sidebar, page 11).

Packaging Technology Integration Group (TIG)

Advanced Si-Node Pb-Free Underfill Reliability, Phase 1
Chair: Robert Carson, Cisco 

Current qualification criteria and standards are not adequate to predict  
long-term reliability for advanced Si-nodes where Tj often exceeds the underfill Tg. 
Testing does not consider applications where Tj exceeds Tg in combination with 
extreme low-K (ELK) and Pb-free bump requirements.

This project, led from Asia, will (1) define testing requirements necessary to ensure 
long-term reliability in advanced Si-node flip chip packages, (2) establish repeatable 
and correlated measurement methods and (3) develop a procedure and criteria 
reference for OEMs and suppliers.

Based on a literature review and industry survey, the project team confirmed that 
underfill reliability is a common problem and identified the need to understand the key 
challenges of Pb-free bump and underfill. Key findings included:

 � Low Tg tends to result in bump failure (fatigue).

 � High Tg tends to cause delaminations or ELK/die cracking. 

� Lower underfill modulus values above Tg (E2) tends to cause early failures. 

NEW 
INITIATIVE

Ensuring high-reliability underfill 
for future assembly technology

NEW 
PROJECT

Carson

Mayar
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Copper Wire Bonding Reliability Project, Phase 2
Chair: Peng Su, Cisco

Although gold (Au) wire bonding is one of the most common and  
well-understood first-level interconnects, copper (Cu) wire bonding is increasingly being 
used for a wide variety of components, predominantly driven by lower cost. As the 
application moves from consumer products to high-reliability electronic systems, the 
long-term reliability of fine-pitch Cu wire bonding must be better understood. 

Results of a Phase 1 survey showed that 20% of the OEM and EMS companies surveyed 
use Cu wire for either high-volume production (HVP) or low-volume production (LVP). 
The numbers are even higher for suppliers — 55% say they are using Cu wire for either 
HVP or LVP. 

The primary concerns expressed by OEMs about Cu wire bonding were reliability, 
unproven historical performance, and equipment and assembly process parameters. 
Overall, there was strong consensus that the reliability performance of Cu wire bonding 
needs to be further evaluated with experimental work. Phase 2 of the Copper Wire 
Bonding Reliability Project will include a series of accelerated tests performed on 
components made with realistic packaging material variations for both leadframe and 
substrate-based packages.

Based on the accelerated tests and failure analysis data, the team expects to gain a better 
understanding of the e�ects of packaging material properties and to determine the 
e�ectiveness of current accelerated test methods and durations.

Understanding reliability of 
alternative bonding materials

Su

NEW  
PHASE
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Figure 4. Cu Wire Bonding Survey

Figure 4. In an iNEMI survey of electronics manufacturing companies, the number-one 
concern cited by OEMs regarding copper wire bonding was in-service reliability.
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Package Warpage Qualification Criteria, Phase 1
Chair: Wei Keat Loh, Intel 
Co-chair: Robert Carson, Cisco

This project was organized to identify primary factors that can contribute to the  
warpage performance of selected components during typical SMT processes. 

The Phase 1 investigation of the project found that current qualification criteria and 
standards are not adequate to predict good yield results at first- and second-level 
assemblies. They further discovered that measurement methods (dimensional and test) 
are neither common nor up-to-date. 

In subsequent phases, the project team plans to define a qualification method and a set 
of criteria (e.g., sample size, precondition, variations of material and processes at the first 
and second levels), to evaluate warpage characteristics of new and existing packages 
in the design and manufacture of products. The objective is to better understand 
package warpage characteristics across di�erent package types and attributes. The 
proposed work will incorporate an evaluation of how to improve the package warpage 
qualification processes across the industry. Project activities will benchmark package 
warpage characteristics and identify best-in-class measurement methods/protocols. 
Phase 2 is expected to launch in the first quarter of 2012

Wiring Density for Organic Packaging Substrates, Phase 1 
Chair: Jim Arnold, iNEMI 
Co-chair: Islam Salama, Intel

Complexities associated with delivering denser routing for high-density  
interconnect (HDI) for package substrates continue to grow. iNEMI members  
formed this Wiring Density Project to identify next-generation packaging substrate 
technology that focuses on the following prioritized technology elements: (1) material 
set, (2) low-cost patterning (lithography, laser/imprinting/printing), (3) plating and (4) 
inspection and test.

While there is speculation that substrate fabrication must, ultimately, evolve toward 
similar processes used in the semiconductor industry, the need to remain competitive 
in developing a low-cost, fine-line technology represents an inflection point for future 
substrate manufacturing. The team is focused on establishing standardized building 
blocks of the identified technology elements to deliver tighter line and space pitch 
while maintaining the targeted reliability, cost and manufacturing yield, and meeting 
environmental regulations. This is a critical enabler for delivering a cost-competitive 
solution and ensuring wider adoption through economies of scale. 

Understanding package 
warpage to improve yields

COMPLETED

Identifying next-generation 
packaging substrates for HDI

NEW 
PROJECT

Carson
Loh

Salama
Arnold

In the Brighton MEMS workshop, 
we identified seven key areas where it 
makes sense for industry to collaborate 
on developing common solutions. 
Follow-up discussions and a survey of 
iNEMI members helped narrow the focus 
to two initial e�orts. 

The first initiative will develop generic 
reliability testing specifications/methods 
for integrated MEMS devices that 
enable specification conformance and 

e�ectively propagate solutions to key 
device failure mechanisms.

The second team will focus on providing 
refinements for testing (both in-process 
and back-end). In particular, we will (1) 
identify MEMS aspects of manufacturing 
that could benefit from a common 
approach in test methods and (2) identify 
opportunities for development of more 
e�ective in-line testing capabilities.

New MEMS Initiatives Forming

Photo courtesy of Sandia National Laboratories, 
SUMMiTTM Technologies, www.mems.sandia.gov
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Board Assembly TIG
Board Coplanarity in SMT   

Chair: John Davignon, Intel

iNEMI organized the Board Coplanarity Project to develop metrologies and 
recommendations to enable the measurement and specification for board land warpage 
to ensure high-quality, high-yield SMT processes for current and next-generation 
components. It covered a wide range of product and PCB types, as noted in Table 5 
below, and it addressed dynamic coplanarity response for a number of key scenarios.

The project team was able to determine the following:

� Multiple thermal passes resulted in a reduced coplanarity value with each pass.   

 � The relationship of maximum to room temperature warpage can be approximated by a 
factor of 2X the room temperature value.

 � Thinner PCBs have higher warpage or coplanarity values than thicker PCBs. 

 � Design of the PCB/BGA area appears to be the largest factor in coplanarity within a 
product group. 

 � The variance within a single lot of PCBs is often more than 50%, making it di cult to 
use one measured PCB/BGA to precisely predict the lot. 

Based on these results, the project made several recommendations regarding the 
warpage characterization process and test conditions and also developed a dynamic 
warpage methodology. The warp, twist and bow specification and test methodology 
developed will be submitted to IPC with the recommendation that a dynamic 
coplanarity ratio and test method be developed to include the BGA or local area of 
interest. The team will also recommend that IPC and JEDEC analyze the dynamic 
coplanarity specification and jointly set requirements for board and package.

Ensuring high-quality,  
high-yield SMT processes

COMPLETED

Davignon

Table 4. Product & PCB Scope of iNEMI’s Evaluation

Product Type Server Workstation Desktop Notebook

Thickness .093” — .135” .062” — .093” .062” .040” — .062”

Layers 14-32 8-12 4-6 6-10
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Creep Corrosion, Phase 3 
(Investigation of Factors that Influence Creep Corrosion)

Chair: Xiaodong Jiang, Alcatel-Lucent
Co-chairs: Mason Hu, Cisco
Simon Lee, Dow Electronics Materials

Creep corrosion is a mass transport process in which solid corrosion products 
(typically sulfide) migrate over a surface. The corrosion product creeps onto the 

solder mask surface and causes short circuits 
between the adjacent pads and traces. 

Phases 1 and 2 of this iNEMI project collected 
data on creep corrosion failures and identified 
the major factors that influence creep 
corrosion. Phase 3 is currently performing 
laboratory-based experiments to further 
investigate the sensitivities of the influencing 
factors, including surface finish, flux, solder mask 
geometry, solder paste coverage, reflow and 
wave soldering, and mixed flowing gas (MFG) 
test conditions (corrosive gas concentration, 
humidity, temperature).

iNEMI testing to date has used ImAg, OSP and 
Pb-free HASL-finished boards with reflowed 
Pb-free solder paste on the top side of the test 
vehicle and wave solder on the bottom side — 
some with no-clean organic acid flux and others 
with no-clean rosin-flux. Boards were subjected 
to a mixed-flowing gas environment with 
gaseous composition adjusted to achieve the 
targeted 500-600 nm/day copper corrosion rate. 
Results were as follows:

 � Copper creep corrosion was observed primarily on the ImAg-finished boards that were 
wave soldered with no-clean organic acid flux. 

 � Pb-free HASL-finished boards experienced some severe but localized creep corrosion 
due to exposed copper metallization. 

� Creep corrosion was most severe in the wave soldered boundary areas where no-
clean organic acid flux residue was present.

Reducing the risk of creep 
corrosion failures

NEW  
PHASE

Hu

Lee

Jiang

Table 5. Formal MFG Test Results (first run)

Figure 5. Copper Creep 
Corrosion

Figure 5. Copper creep 
corrosion is when the 
corrosion products spread 
onto the solder mask beyond 
the edge of the pad or via. This 
photo is an example of high 
creep, where a massive spread 
of corrosion products can 
short signals.

Corrosion Edge Corrosion Creep Corrosion Creep Corrosion Severity

ImAg + organic acid flux Yes No Yes High

ImAg + rosin flux Yes No No ____

OSP + organic acid flux Yes No Yes Low

OSP + rosin flux Yes No Yes Low

Pb-free HASL + organic acid flux No Yes Yes High (in isolated areas)

Pb-free HASL + rosin flux No Yes No ____
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Counterfeit Components  
(Assessment Methodology and Metric Development)

Co-chair: Sally Arno, Plexus Corp.
Co-chair: Colm Nolan, IBM

The global trade of counterfeit components has increased markedly. There are  
many di�erent categories of “counterfeiting,” from cloning or product skimming to  
re-branding and false claims of industry certifications (e.g., RoHS).

Dealing with the di�erent counterfeit device categories will require a variety of 
strategies. This new iNEMI project, launched in January of 2012, plans to develop a 
methodology to evaluate the risk of counterfeit use. 

One of the gaps identified in the 2011 Roadmap was the absence of feedback 
mechanisms to monitor infiltration of counterfeit components into the supply chain.  
It is not possible to control the flow of counterfeit components without identifying 
them and measuring their prevalence and, since counterfeit products cannot easily be 
measured, this project proposes an indirect monitoring method. Over a short period 
of time, the team seeks to demonstrate that this measurement is well-correlated with 
counterfeit product infiltration. 

The first phase of the project will identify and develop methodologies with associated 
metrics to assess the overall extent of the counterfeit problem in the electronics industry. 
E�orts will focus on those attributes that are of greatest value to the supply chain and 
participating project members. 

Test TIG

Board Flexure Standardization, Phase 2 (Guidelines for Printed 
Wiring Board Strain Gage Testing in Pb-Free Assemblies)

Chair: Elizabeth Benedetto, HP
Co-chair: Jagadeesh Radhakrishnan, Intel

Printed circuit assemblies (PCAs) can be damaged by flexing during manufacturing and 
box assembly. To evaluate PCA risk, the bend-induced stress needs to be measured. 
Printed circuit board (PCB) surface strain is an indirect indicator of the stresses that  
solder joints experience. Due to strain gradients across bent PCB surfaces, it is critical 
that the placement of strain gages is consistent in order to properly evaluate stress 
conditions and risk levels.

This iNEMI project developed recommendations for updating IPC-9704, IPC/JEDEC 
Printed Wiring Board Strain Gage Test Guideline, to reflect current best practices in  
strain gage technologies and measurement techniques, particularly as related to Pb- 
free technology. Proposals from this project team to update IPC-9704 led to balloting 
and approval of a new, revised IPC/JEDEC 9704A standard.

The team is now organizing a follow-on project to develop a whitepaper with 
quantitative guidance in the absence of component supplier guidance. The paper will 
include strain guidance on di�erent technologies and materials (solder alloys, laminates, 
etc.) and clarify quantitative vs. qualitative assessment.

Monitoring the use of 
counterfeit components

NEW 
PROJECT

Improving board  
strain gage testing

COMPLETED

Radhakrishnan
Benedetto

Arno Nolan
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BIST Use Case Investigation, Phase 2 
Co-chair: Zoe Conroy, Cisco
Co-chair: Al Crouch, ASSET InterTech

This e�ort is working to develop and promote the use of “chip” BIST for  
board-and system-level applications. Presently, there are no standard  
chip-level interfaces or algorithms for BIST, which limits the introduction of this 
capability at board-level test. This program will work with IC providers, encouraging 
them toward BIST functions that are helpful at the board/system levels. The project 
will also work with ATE/instrument providers to develop products based on standards 
for BIST design.

Sample “use cases” will be used as standardization examples for board/system-level 
applications. 

Phase 2 of the BIST Use Case Investigation Project, which was completed in 2011, 
surveyed industry to validate the concept of generating a use case. The questionnaire 
targeted board and system test and debug engineers, asking them to identify what 
problems might be solved with a “BIST function.”  The main areas identified for use of 
BIST functions were manufacturing board test, new product introduction (NPI), and 
board debug and diagnosis. Those BIST functions identified as most needed were 
external memory test, BIST pattern generators to drive data o�-chip, and high-speed I/O 
testing. Responses also indicated that available IC BIST functions would reduce test time 
and cost as well as the need for external testers. 

Phase 3 of the Use Case Project is currently being organized and is proposing use cases 
for additional critical board test challenges. 

BIST at the board and system 
levels to improve test coverage 

while reducing time and cost 

COMPLETED

Figure 6. BIST Use Case Survey

Figure 6. Shown here are the top three categories identified in response to the 
question, “What type of Board Assembly BIST solves your board problems?”
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Contact Us

Advanced Semiconductor 
Engineering (ASE)

Agilent Technologies, Inc.

Akrometrix, LLC

Alcatel-Lucent

Amkor Technology

Arizona State University**

ASSET InterTech, Inc.

AT&S AG**

Atotech

Boston Scientific CRM

CBA Group LLC

Hover-Davis

Universal Instruments

Celestica, Inc.

Center for Innovative 
Technology (CIT)

Cisco

Linksys

Scientific Atlanta, Inc.

Compliance & Risks Ltd.

Cookson Electronics-Alpha

Cookson Electronics-
Enthone

Cookson Electronics-
IC Products

Corelis

Dell, Inc.

Delphi Electronics & Safety

DfR Solutions**

Doosan Corp. Electro-
Materials BG

Dow Electronic Materials

DSM Engineering Plastics

Elec & Eltek International 
Company Limited

Pacific Insulating 
Material Company 
Limited

Electronic Components 
Association (ECA)

Elite Material Co., Ltd.

Endicott Interconnect 
Technologies, Inc. (EIT)

Flextronics International

Multek

Foxconn

Fraunhofer IZM**

Georgia Institute 
of Technology

Global Innovation Research 
Center, Peking University

Henkel

Heraeus***

Hewlett-Packard Company

Huawei Technologies 
Co., Ltd.

IBIDEN CO., LTD.

IBM

IHS

imec**

Indium Corporation 
of America

Industrial Technology 
Research Institute (ITRI)

Information Technology 
Industry Council (ITI)

Integrated Electronics 
Engineering Center (IEEC), 
SUNY-Binghamton

Intel Corporation

Inventec Performance 
Chemicals**

IPC–Association 
Connecting Electronics 
Industries

IST–Integrated Service 
Technology, Inc.

ITEQ Corporation

Juniper Networks

Lenovo

Massachusetts Institute 
of Technology (MIT)

MED-EL 
Elektromedizinische 
Geräte GmbH

MEMS Industry 
Group (MIG)**

Micro Systems 
Technologies

DYCONEX AG

Micro Systems 
Engineering, Inc.

Micronic Mydata AB**

Microsoft

Nan Ya Plastics Corporation

National Center 
for Manufacturing 
Sciences (NCMS)

National Institute 
of Standards and 
Technology (NIST)

NGK Spark Plug Co., Ltd.

NTK Technologies

Nihon Superior Co., Ltd.

Nippon Micrometal 
Corporation**

pinfa (Phosphorus, 
Inorganic and Nitrogen 
Flame Retardants 
Association)

Plexus Corp.

Purdue University

PVI Systems, Inc.

REITA (Rare Earth 
Industry and Technology 
Association)**

Research in Motion (RIM)**

Rochester Institute of 
Technology (RIT)**

Samsung Electro-
Mechanics Co., 
Ltd. (SEMCO)

Sanmina-SCI Corporation

Senju Comtek Corp.

Shengyi Technology 
Co. Ltd. (Sytech)

Speedline 
Technologies, Inc.

STATS ChipPAC

Swerea IVF AB

Taiwan Printed Circuit 
Association (TPCA)**

TE Connectivity

TechAmerica

Teradyne, Inc.

Test Research, Inc.

Texas Instruments 
Incorporated

Underwriters 
Laboratories (UL)**

University of California 
at Berkeley

The Vinyl Institute

    *As of 12/31/11

  **Joined iNEMI in 2011

***Rejoined in 2011

2011 iNEMI Council of Members*
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