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Much has changed over the last 15 years in the electronics industry, one
of the most significant being the incredible growth of MEMS enabled sensors. MEPTEC’s 15th Annual MEMS and Sensors Technology Symposium is
evolving as well, explicitly acknowledging sensors and how their integration
in mobility, wearables, health care, automotive and health care devices continue to change the way we live, move, and communicate. As these rapid
transitions continue, what do the industry leaders see as new applications
that will continue to drive these trends?
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ANALYSIS – Even though Moore’s Law is running out
of steam, there is still a need to increase functional density. Increasingly, this is being done with heterogeneous integration at the package level. But as process scaling becomes
more difficult and expensive, and as systems become more
complex, multi-chip packaging is becoming harder to ignore.
ANN STEFFORA MUTSCHLER
SEMICONDUCTOR ENGINEERING

ANALYSIS

COLUMN

INDUSTRY
INSIGHTS
By Ron Jones

It’s Just Material
(Science)
 WHEN I WAS IN THE SIXTH GRADE,
I took a test to determine what careers I
might enjoy or be good at. I don’t remember any jobs other than engineering. I
didn’t know what that was, so I asked my
teacher. I can’t remember what she said,
but I knew that I wanted to be one.
As I got older, I learned that there were
different types of engineers: mechanical,
electrical, civil. Since my dad was in construction, I decided I wanted to be a civil
engineer. I wanted to build big things,
like buildings, highways and dams . . . an
ironic choice since I’ve spent my entire
career in microelectronics. As a Civil
Engineering major, my first year was all
math, chemistry, physics . . . basically the
same for all engineering disciplines.
The first semester of my sophomore
year, I took a course called “Properties
of Materials.” I learned about stress and
strain, crystalline structures, why some
materials were brittle and others were
malleable, why some conducted electricity
and other did not. I fell in love. I asked
my professor what major would let me dig
more deeply into things like this. He said
either Ceramic or Metallurgical Engineering. Some colleges had already started
lumping those two along with plastics into
materials science, but Cal had a long history of mining and kept the two separate.
Metallurgical sounded so much sexier
than ceramic . . . so I went with it.
When I graduated, my first job was
with Signetics R&D. I was pretty clueless
on integrated circuits, but my materials
background came in very handy to solve
yield and reliability problems. Anybody
remember purple plague? Next, I went to
Texas Instruments as a wafer fab process

engineer. It was great. I can remember
discussing doping equations with the diffusion engineers, explaining anisotropic
etch rates (due to <1,1,1> orientation) to a
photoresist engineer and why metal deposition characteristics differed among triode
sputtered, RF sputtered and high temp
evaporated metal interconnects layers.
I’ve spent my career in semiconductor
operations, either doing manufacturing or
consulting. Material Science has been a
great background to support that career.
Material Science does not stand alone,
as it involves a broad range of chemistry,
physics and math. It does, however, put
these together in a unique way.
For many years, material science was
focused on understanding the materials
around us. We certainly can’t explain
everything now, but a lot of the effort
today is in developing new materials to
solve problems, big and small.
Take superconductivity, first discovered in 1911. We have developed materials that have zero resistance above the
temperature of liquid nitrogen. There are
researchers that believe we might create superconducting materials above the
freezing point of water. Imagine a mag-lev
train that could travel 1000 miles without
using any energy.
There has been a fascination with
diamonds for the past 3,000 years. This
increased when it was discovered that the
composition of fireplace soot (one of the
world’ softest materials) and diamond (the
world’s hardest material), were both made
of elemental carbon. Remember how man
tried for centuries to convert lead to gold
. . . how about soot to diamonds. Today,
we have discovered how to use carbon to
create graphene in the form of nanotubes
and sheets, with a tensile strength that is
325 stronger than steel and significantly
lighter. Imagine the possibilities of this
discovery alone.
There is a statistic quoted that 3 out
of 4 jobs in 5 years don’t exist today.
Though you may not know the exact
job, I would make a case that studying
materials science is a great background to
qualify for a broad range of jobs, for as

long as you want to work.
Trying to describe the scope of material science is a bit like trying to explain
the size of a 14nm transistor. Hard as you
try, it’s hard to do it justice. I fell back
on the description provided by the Cal
Department of Material Science and Engineering.
Materials Science and Engineering
encompasses all natural and man-made
materials – their extraction, synthesis, processing, properties, characterization, and
development for technological applications. Advanced engineering activities that
depend upon optimized materials include
the medical device and healthcare industries, the energy industries, electronics
and photonics, transportation, advanced
batteries and fuel cells, and nanotechnology. Students in materials science and
engineering develop a fundamental understanding of materials at the nano, micro
and macro scales, leading to specialization
in such topics as: biomaterials; chemical
and electrochemical materials science
and engineering; computational materials
science and engineering; electronic, magnetic and optical materials; and structural
materials. As in the past, today’s materials
advancements enable new technological
breakthroughs across all engineering disciplines.
This year, I celebrated the 50th anniversary of my metallurgical engineering
degree. As I look back at what I’ve done
with it, I would choose material science
all over again. As I look forward to the
myriad opportunities a new grad would
have to make a difference, I would recommend it to the technically minded. ◆
RON JONES is CEO of N-Able Group
International; a semiconductor focused
consulting and recruiting company. N-Able
Group utilizes deep semi supply chain
knowledge and a powerful cloud based
software application to provide Conflict
Mineral Compliance support services to
companies throughout the semiconductor
supply chain including fabless, foundry,
OSAT and materials suppliers. Email
ron.jones@n-ablegroup.com for more info.
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What’s Missing in Advanced Packaging?
When it comes to multi-board and multi-chips-on-a-board designs,
do engineers have all the tools they need?
Ann Steffora Mutschler, Executive Editor
Semiconductor Engineering

Printed with permission of Semiconductor
Engineering - semiengineering.com
EVEN THOUGH MOORE’S LAW IS
running out of steam, there is still a need
to increase functional density. Increasingly, this is being done with heterogeneous
integration at the package or module level.
This is proving harder than it looks. At
this point there are no standardized methodologies, and tools often are retrofitted
versions of existing tools that don’t take
into account the challenges of multipledie packages. But as process scaling
becomes more difficult and expensive,
and as systems become more complex,
multi-chip packaging is becoming harder
to ignore.
Among the drivers of this trend:
• Higher system performance with lower
latency and faster throughput;
• Lower power due to less resistance and
shorter distances between components;
• Less congestion with lower system cost,
and
• The ability to leverage components such
as analog that were developed at older
nodes.
Advanced packaging has been gaining momentum in the analog/RF world
for the past several years. 2.5D packages
have been marketed by companies such
as AMD, Huawei, Cisco and IBM for
high-speed applications where cost is not
a critical element, and they have gotten
a giant boost in the past year with the
rollout of HBM2 from SK Hynix and
Samsung.
Fan-outs have been under development as an alternative to 2.5D. The
iPhone 7, introduced in September, is the
first mass-market implementation of a
fan-out. It is based on TSMC’s Integrated
Fan-Out (InFO) process.
As these approaches catch hold,

though, questions are surfacing about
what else advanced packaging can be used
for. And equally important, what is needed
to simplify these processes, standardize
them to the point where yield is predictable and economies of scale can take
effect. That typically leads to a discussion
about what can be automated, what tools
are needed, and what can be modified to
address these issues.
“SerDes doesn’t scale as well as some
digital technology, so people are starting
to look at operating the SerDes from the
actual processor, and integrating that onto
some sort of carrier – whether that’s a
package or an interposer,” according John
Park, product management director for IC
packaging and cross-platform solutions at
Cadence.
To address this, engineering teams are
starting to look for a single environment
for the capture of the logic and the signoff simulation for capturing that system.
Historically, there was a connectivity tool
for the IC designer, and a separate connectivity tool, and simulation environment
for the package and PCB designers.
“Now, however, a lot of people – especially in the analog/RF packaging world –
are looking more for a single environment
so they can capture their system level
schematic as a higher-level schematic
than their IC,” Park said. “For example,
a design team may take three different
ICs and integrate them all together into
a single system or system-in-package.
Typically, that was done in the past with
separate schematics, and people now want
to create another level of hierarchy in
the schematic capture tool that the chip
is already being done in, and use that to
drive the system-level implementation.
When you do that, there are lots of challenges that come into play. When doing
simulation across multiple technologies

and even different process nodes, there
is all kinds of model conflict. An NPN in
one technology/process node is something
completely different in the other process
nodes, so taking care of how you manage
that model collision when you start to
integrate all of these different technologies
into a single system becomes quite a challenge.”
Along with the demand for this single
environment, engineering teams want the
ability to include the system-level interconnect, including the layout parasitics,
in a single schematic used to drive the
implementation. And possibly even more
important, they need an LVS sign-off
flow. One of the big missing technologies
here is layout versus schematic.
“When you have two different design
capture environments, that makes it very
difficult to perform an LVS check, so this
single environment in theory would help
simplify that whole process of validating what you have in your IC and system
capture environment with what is actually
implemented in the system layout environment,” Park added.
At the same time, multiple boards and
multiple chips both can sit in the same
design thread from initial concept to final
product, and they both are the result of
high-level partitioning of functions into
discrete hardware platforms/fabrics – the
product of decisions to engineer portions
of a design in-house vs. leveraging COTS
‘components’ (as boards or packaged
chips), said Dave Wiens, product marketing manager for the Systems Design
Division of Mentor Graphics. “There are
multiple ‘packaging’ steps that happen in
the design process. Chips are packaged
independently, or integrated with other
active and passive components inside a
continued on page 12
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PROFILE – In 1946, NAMICS Corporation was originally established as Hokuriku Toryo Co. Ltd., a manufacturer of paints and coatings for household and industrial use.
In 1980, they ceased production of regular industrial paints
and coatings and diverted completely into the manufacture of
materials for the electronics market.

PROFILE

Special Advisors
Ron Jones N-Able Group International

IN 1946, NAMICS CORPORATION
was originally established as Hokuriku
Toryo Co. Ltd., a manufacturer of
paints and coatings for household
and industrial use. In 1958, they successfully developed CERACOAT as
their first insulating material for the
electronics market. Ten years later
they developed silver filled conductive
pastes. In 1980, they ceased production of regular industrial paints and
coatings and diverted completely into
the manufacture of materials for the
electronics market. Their sole dedication to this market led to the commercialization of HIMEC® and UNIMEC®,
sintering and thermosetting types of
conductive pastes respectively. In
addition, through extensive research
and development they developed the
CHIPCOAT® line of products which
are high purity insulating materials for
ICs and LSIs.

Mary Olsson Gary Smith EDA
Honorary Advisors
Seth Alavi Sunsil

The company name was changed
to NAMICS CORPORATION on their
50th year anniversary. NAMICS stands
for “Nature and Art, Mutual Prosperity,
Innovation, Creativity, and Sensitivity”
which make up the essence of their corporate philosophy.
Headquartered in Niigata-City, the
largest city in northwestern Japan, NAMICS employs approximately 500 people
worldwide. Their domestic facilities
include their Headquarters and Factory, NAMICS Techno Core (NTC), the
Tsukioka Factory and sales offices in
Tokyo and Osaka. Their overseas operations include sales offices in San Jose
and New York in the United States, Singapore, Taichung City, Taiwan, Shanghai, China, Seoul, Korea, and Munich,
Germany. NAMICS is also represented
in Seoul, Shanghai, and Taiwan, as well
as France, Italy, Switzerland, Hungary,
Israel, and Russia. NAMICS also has a
factory in Yantai, China where insulating
materials for electronic components are
manufactured.

NAMICS Taiwan Co., Ltd. Facility.

NAMICS Techno Core (NTC)
Research and Development Center.

In 2008, NAMICS Corporation
acquired Diemat Inc, located in Byfield,
Massachusetts. Diemat specialized in the
development and manufacture of innovative adhesive and sealing materials to
serve the electronic packaging industry.
Diemat developed and patented new
generation materials; including a lower
temperature (300°C) Ag loaded glass
adhesive and a unique family of organic
adhesives offering high thermal conductivity. Diemat also developed low temperature sealing glasses for hermetically

sealing optical fibers in optoelectronic
packages as well as hermetic sealing of
package lids and lenses.
On January 1, 2013 NAMICS established the NAMICS North American
R&D Center - Diemat, Inc. (NDR).
NDR’s mission is to focus on the
research and development of new, high
performance materials in collaboration
with NAMICS Techno Core (NTC).
After the March 11, 2011 Great
East Japan Earthquake, NAMICS realized the need to improve the stability

NAMICS Product Lineup.
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Shown above top to bottom: NAMICS
Headquarters and Factory, NAMICS
ADFLEMA Factory, the New NAMICS
Niigata Manufacturing Site.
of product supply. One solution was
a backup manufacturing site as a part
of NAMICS’ business continuity plan.
NAMICS opened the new manufacturing
site, NAMICS Taiwan Co., Ltd. (NTH)
in Tongluo Township, Taiwan in 2013.
The Taiwan factory has begun supplying insulating and chip-on-film products
to customers in Taiwan with plans to
expand to conductive products as well.
Currently NAMICS is upgrading
the Niigata, Japan manufacturing site.
A new manufacturing building is being
constructed that incorporates the latest
construction standards for withstanding
natural disasters. It will be completed in
April, 2017. Sample shipments will be
beginning in September 2017 with full
operation expected in 2019.
With these worldwide operations,
NAMICS has invested in new facilities
and workforce to exceed customer’s
future needs. NAMICS has become a
leading company producing both conductive and insulating materials for the electronics industry.

NAMICS TECHNOLOGY
Underfills (UF) are materials that
protect semiconductors from dust, moisture, vibration, impact, and serve as an
encapsulant. CHIPCOAT® is one of
their key products, and they have been
developing and marketing this UF for the
past twenty years. In addition, HIMEC®
and UNIMEC® are flagship products of
NAMICS that are used in the manufacture of passive components.
New product development is a primary goal to drive growth. Therefore,
they are actively developing high quality
cutting-edge products to lead the next
generation. Based on their three core
technologies; Materials (insulating &
conductive), Processes (composition &
dispersion), and Simulation (analysis of
materials and structure), they are focusing on the areas of SEEDS, which stands
for Semiconductor, Energy, Environment,
Display, and System.
Recently, with the increase of environmental consciousness, solar energy is
receiving attention worldwide. NAMICS
is providing solutions to customers in
environmental and energy companies.
They offer convenient and ecologicallyconscious products to make life better.
In 2008, NAMICS opened their new
R&D center, NAMICS Techno Core
Shown at right top to bottom: NAMICS
COF Products, NAMICS Overcoat
Products, NAMICS HIMEC® Products,
NAMICS UNIMEC® Products.
SPRING 2017 MEPTEC REPORT 15

meptec.org

NAMICS CORPORATION
MEMBER COMPANY PROFILE

Gary Catlin
Rob Cole
Skip Fehr
Anna Gualtieri Elle Technology
Marc Papageorge ICINTEK
In Memoriam
Bance Hom

18

INTEGRATION – Silicon features have been scaled aggressively over five decades allowing the integration of
more functions on a single chip. We argue that combined reduction of dielet interconnect pitch, inter-dielet spacing and
trace pitch will enable a Moore’s law for packaging.
ADEEL AHMAD BAJWA AND SUBRAMANIAN S. IYER
CENTER FOR HETEROGENEOUS INTEGRATION AND
PERFORMANCE SCALING (CHIPS), UCLA

State-of-the-Art Technology Briefs
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Ron Jones N-Able Group International
Ann Mutschler Semiconductor Engineering
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A New Product is Launched

“Test Early Test Often”

The Test Early, Test Often Strategy Applied to the Product Development Cycle
typically a function test of the part or
device. It can also be a physical measurement to determine if the part has changed
dimension (which is often done after a
humidity test), or it may require that the
part be disassembled and examined for
signs of damage after testing is complete.
Sometimes it is necessary to continuously
power and monitor the output of the part
during test to determine if there is an
output shift as a result of certain test conditions. In some cases it is necessary to
derive more than one output from a test,
like a dimension and electrical output.
Regardless of the test parameters, all testing must have a measurable output.
The next step in creating an effective
test plan is to determine how many parts
to test, the sequence of the testing, and
duration of each test. During this step,
the test plan matrix is filled out. The
quantity of parts to be tested is governed
by the need for output data. (It is important to understand that this is not a statistical test. Since the results are pass/fail,
it is not necessary to test a statistically
significant sample size - like 32 parts.)
In most cases 5 parts will be more than
adequate to collect meaningful data.
If it is not called out in a customer
requirement, the testing sequence will
require some planning. Depending on
the application, some of the tests may
need to be placed in sequence. The same
group of 5 parts may go form one test
directly to another to simulate a specific
environmental condition. For example,
a single group of parts may go from UV
test directly to humidity or heat soak to
simulate a humid island environment.
Once the sequence of tests is known,
the duration of each test must be determined. In most cases the test is complete
at a pre-determined time or interval.
24 MEPTEC REPORT SPRING 2017

However, in some cases, the customer
may request one interval, but the design
group holds the product to a higher standard and may decide to extend the test
length. In other cases, it may be necessary to run a test, collect the data at the
determined “end of test” point, and then
continue to run the test until the product
fails. This can help determine the theoretical end of life under a given condition.
In any case, it is important to have a well
thought out test plan at the beginning of
the new product development cycle.
Once the specific tests, duration,
quantity, sequence, and outputs are determined, the test plan can begin to take
shape. The table shown on the previous
page is an example of a typical test plan
that includes some of the variables discussed. It is easy to see that the heat soak
and cold soak tests become gaiting items
due to the extended time requirements.
The test plan must meet all of the product
durability requirements while considering the time constraints. When creating
the test plan it is also wise to consider a
contingency plan in the event that there is
a failure during test.
In addition to a well thought out and
properly documented test plan there are
some other things to consider during
product development. The “test early, test
often” strategy can be used to check basic
design and process assumptions. This is
the strategy of conducting specifically
targeted early environmental testing on
selected subassemblies, components, or
complete devices as early as possible in
the design cycle. This allows the design
team to gain an understanding of the
design strengths and weaknesses before
the design is frozen and the final test plan
is executed.
An environmental test strategy for

new product development of MEMS
sensors should considered carefully. A
well thought out test plan that includes
a top-down approach, lead times and
contingencies, measurable outputs, and a
defined quantity of parts for analysis can
be very cost effective. Integrating this test
plans into a “test early, test often” strategy can further streamline early learning
and ensure that objectives are met. New
product development for MEMS sensors
is very challenging and the proper strategy for environmental testing can get your
product to market with the lowest overall
development time and cost. ◆
Mr. Boyce is the Engineering Manager at
SMART Microsystems. He is detail-oriented and is a hands-on engineering leader
with a wide range of diverse skills from
his background in automotive sensing.
He has served in senior engineering roles
over the last 19 years with accomplishments that include manufactured automotive sensors. He also led new product
development teams that created over $25
million in new revenue per year. He is
certified in EIT and Six Sigma Green Belt
and is an industry recognized expert in Al
wire bonding. Additionally, he designed
and led the metrology lab and machine
shop at Sensata.
Mr. Boyce earned a Bachelor of Science in Engineering degree from the
University of Rhode Island and has been
a member of the IMAPS New England
Chapter for over 10 years.
References
[1] “Engineering that Begins with the End in
Mind”, MEPTEC Report, Spring 2016, Volume
20, Number 1.
[2] William Boyce,“Precision Measurement for
MEMS Sensor Applications”, Tap Times, February 2017, Volume 8, Number 2.
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We are pleased to include this new feature
to the MEPTEC Report, brought to us by
new Advisory Board member Dr. Gamal
Rafai-Ahmed from Xilinx. The State-ofthe-Art Technology Briefs contains articles from the Binghamton University S3IP
“Flashes.” Full text is available upon
request through the IEEC Site at: http://
www.binghamton.edu/s3ip/index.html.

Optomec has developed a new micron
scale, free form, additive manufacturing
process called “Aerosol Jet Technology.”
The technology uses local deposition and
curing of 3D polymers, resulting in lower
costs and size. The printing can produce
features down to 10 microns and aspect
ratios of 100:1. The process is adaptable
to printing on a large range of products
including embedded electronics, semiconductor chips and medical devices.
(IEEC file #9601, Printed Electronics
World, 8/16/16)

The National Institute of Advanced
Industrial Science & Technology and
the Japanese Ministry are jointly developing a new conductive polyethyleneterephthalate (PET) film. This process is
meptec.org

known as “SuPR-NaP” (Surface PhotoReactive Nanometal Printing) and has
the advantage that it can be processed
with normal temperatures and pressures. The film forms ultrafine wiring
0.8 micron wide manufactured from a
transparent flexible PET substrate with
silver nanoparticle ink to form. This film
is used primarily in touch panel sensors
but is adaptable to many other related
applications including wearable products.
(IEEC file #9602, Electronic Products,
8/22/16
Carnegie Mellon University researchers are developing edible batteries that
could be used to powering ingestible,
degradable devices for medical diagnosis
and treatment. They are using non-toxic
melanin pigments for the battery, but are
also exploring other biomaterials such as
pectin in their designs. The immediate
intended application is for drug delivery, especially those uses which require
repeat ingestions. (IEEC file #9604,
American Chemical Society, 8/23/16)
Lawrence Livermore National Laboratory researchers have developed a new
“4D” dimension for additive manufacturing. These novel structures are created
using 3D printing and reshape their form
under the stimulus of heat or electricity.
For this end the researchers developed a
polymer ink made from soybean oil, copolymers and carbon nanofibers, that are
sensitive to environmental changes. One
example of the prototypes developed was
a medical stent that would expand when
exposed to heat. Applications are myriad
including solar arrays, flexible circuits,
and medical devices. (IEEC file #9605,
SMT News, 8/23/16)
Many of future wearable technologies
will need the development on use of flexible/stretchy power sources. As part of
the solution, researchers from Nanyang
Technological University (NTU) have
produced a stretchy micro-supercapacitor
using ribbons of graphene. As part of

the process, NTU developed kirigami
structures to make the supercapacitors
five-fold more flexible without reducing
performance characteristics. (IEEC file
#9615, Science Daily, 8/23/16)
Hong Kong University of Science &
Technology researchers along with collaboration with the University of California, and Sandia National Laboratories,
and Harvard University, and have developed a technique that allows the fabrication of microscopic lasers on silicon
substrates. This has potential to increase
performance and power reduction of
next generation processors. They accomplished this by integration subwavelength
cavities onto the silicon substrates.
Future applications include on-chip optical communications, and data processing.
(IEEC file #9606, SMT News, 8/23/16)

Korea Advanced Institute of Science
and Technology (KAIST) has developed
a roll-to-roll processing technology that
can allows LSI circuits to be simultaneous transferred and interconnected on
flexible plastic substrates. The interconnections are accomplished using anisotropic conductive film. The team demonstrated this concept utilizing NAND
flash memories on silicon wafers. This
roll-based technology has applications in

INTEGRATION

Heterogeneous Integration and Scaling
for Improved Performance
Adeel Ahmad Bajwa and Subramanian S. Iyer
Center for Heterogeneous Integration and Performance Scaling (CHIPS), UCLA

SILICON FEATURES HAVE BEEN
scaled (2000X) aggressively over a
period of five decades allowing us to
integrate more functions on a single chip
leading to a vibrant System-on-Chip
(SoC) approach. In comparison, the features on chip packages and printed circuit
boards have scaled only modestly by a
factor of five. Currently, packaging and
system level integration schemes such as
package-on-package (Pop), interposer,
3-D stacking focus on improving the
form factor and component performance.
This comes at fairly high design and process complexity and associated manufacturing costs. At UCLA, we are developing a fine pitch heterogeneous integration
scheme based on a Si interconnect fabric
(Si-IF), which allows small (4 – 25 mm2)
dielets to be attached using solderless
metal-metal thermal compression bonding at fine (≤ 10 µm) interconnect pitches
and small (≤ 100 µm) inter-dielet spacings. We argue that combined reduction
of dielet interconnect pitch, inter-dielet
spacing and trace pitch will enable a
Moore’s law for packaging.
System-Level Integration Using
Conventional Packages
The SoC approach has led to integration of more functions into a single chip
and thus reduced the number of chips
used in a system. However, a single chip,
no matter how much one is able to put on
it, does not constitute an entire system.
For building a complete system, multiple
chips (processors, memory chips, field
programmable gate arrays (FPGAs),
transceivers, power regulators and so
on) need to be interconnected. Traditionally, it has been achieved using a printed
circuit board (PCB). Typically, a system
consists of several such PCBs, which are
interconnected though mother boards or a

Epoxy Underfill
CTE = 25-35x10-6/˚C

97/3 Pb/Sn or Pb-Free
C-4 Solder Balls
CTE = 29x10-6/˚C or 23x10-6/˚C
Silicon Chip
CTE = 2.6x10-6/˚C

Organic Substrate
CTE = 17x10-6/˚C

Polyimide / PSPI
CTE = 35x10-6/˚C
Aluminum or Copper
Heatsink / Cap
CTE = 23x10-6/˚C or 17x10-6/˚C

Epoxy / glass Board CTE = 16-20x10-6/˚C
Figure 1. Anatomy of an organic package.

backplane using mechanical connectors.
The chips are packaged before mounting on the packaging laminate, which is
then attached to a board in number of
ways including ball grid arrays (BGA)
and land grid arrays (LGA). This is
sometimes called as second-level package. After fabrication, the dielets are
first tested at the wafer-level followed
by dicing and ultimately attached to the
package. Figure 1 shows the anatomy of
a die attached to a laminate and further
attached to a board. Here, chip-to-package interconnections are realized though
C4 bumps [1] in a flip chip fashion [2].
The alternative way of mounting a
chip face up on the package is by using a
soldered contact for mechanical anchoring and heat dissipation, while, electrical connections are realized using wire
bonds. The packaged chip is often called
as a module and it performs several key
functions.
• The singulated die is considered fragile
and often it is quiet small. The package
allows for ease of handling and prevents
mechanical damage. Interconnects (C4
bumps or BGA bumps) are typically surrounded by an underfill material, which
provides additional mechanical strength.
• It allows the die-to-die connection
through the printed circuit board. Essen-
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tially, it acts like a space transformer,
where signals are carried from the fat
wire levels (Pitch: 2 – 10 µm) of the
chips and are fanned out through C4
bumps (Pitch: 150 µm) to the package.
The package further spreads them to the
board using ball grid array (BGA) type
interconnects (Pitch: 500 µm).
• Besides signals, the power is also
delivered to the chip through package
possibly in multiple voltage domains.
• In case of moderate (20 W)-to-high (>
50 W) power chips, a heat spreader and
a heat sink can be mounted on top of
the chip using a mechanically compliant
thermal interface material [3].
• Compared to wafer-level, a package
allows chips to be tested more thoroughly over a wide range of testing
conditions (temperature). The testing is
accomplished at high speed and as close
to the mission mode as possible with
excellent margins guaranteeing the full
functionality.
However, there are some drawbacks.
A package consists of a large number
of disparate materials with significantly
different material properties such as
coefficients of thermal expansion (CTE),
Young’s modulus etc. Under cyclic loading, this causes enormous thermomechanical stresses on the chips and warpmeptec.org

age of the package occurs due to CTE
mismatch, which leads to the so-called
chip-package interactions [4]. The consequences are the cracking of low-k material, which have lower structural integrity,
pulling out of metal structures and etc.
This poses huge reliability concerns for
long term operation of the package.
The second drawback of the package is indirect. The chip connections
to the rest of the system through package is very inefficient. For example,
the contacted gate pitches in the 14 nm
technology are about 50-70 nm period
through a hierarchical wiring system the
pitch is increased step-by-step until the
top most “fat wire” levels where pitch is
a few microns. The flip chip connections
(C4 bumps) then increase this pitch to
150 µm and finally BGA connections to
the board take this further to a fraction
of millimeter. Trace pitches on a typical
board are between 30 µm and 100 µm
and it may require several levels of wiring to ensure wirability. The traces may
terminate in either a mechanical connector or at another chip, where the connections are fanned-in through progressive
space transformation in reverse. The fanout and fan-in process has important consequences in chip design. These dimensions on the board level have not scaled
appreciably in the last few decades. The
large bump pitches limit the number of I/
Os that can escape a chip. Typically these
I/Os are arranged near the chip edge
closest to the chip they are trying to communicate with. For example, a typical
microprocessor chip, may have 10,000
pumps of which barely 1,000 are allocated to I/Os and the rest are power and
ground. Since, the bump pitch and the
length of chip edge limit number of I/Os,
Chip designers have come up with many
ways of boosting the bandwidth (BW) of
the chip. The classic way of doing it is to
serialize, transmit and then desacralize
the signals [5]. This scheme is shown in
figure 2.
With increasing demand on BW
between the chips and inability to

Serialzer

Board
channel

Deserialzer

Figure 2. Classic way of serialize, transmit
and then desacralize the signals on board.

meptec.org
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Figure 3. Exponential increase in power as a function of data rate (adapted from [4] and [5]).
Node b is smaller than node a.

increase the number of physical connections, the serial links need to operate
individually at higher and higher data
rates. Consequently, signals are transmitted on the board traces at higher
frequency which results in larger noise
levels and cross talk between adjacent
channels. Two important consequences
of this trend are:
• The power to transmit higher frequency signal though SerDes goes up
exponentially with data rate as shown in
figure 3 [6].
• The SerDes circuits themselves
become more and more complex to
design and take up more area.
In addition to bandwidth, the boardlevel latency is equally important for
system performance. While SerDes
address the problem of BW and data rate
with expenditure of chip area and power,
the raw time to transmit and receive
data (latency) is ultimately related to
various delay components on the data
path, including the length of data path
as well as the time to process data at the
transmitter and receiver and is a limiting factor in system performance. It is
equally important to reduce latency while
increasing the BW. On transmission
lines, the data travels at speeds approaching speed of light. However, SerDes
process as well as other address decode
operations all add to latency.
Approaches for System Scaling and
Heterogeneous Integration
To address the scaling issues in
conventional packages, one must take a
holistic approach to the system scaling.
Figure 4 shows minimum silicon feature
scaling with time and compares it pack-

10000
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1000

Package scaling

100

Node (nm)

Silicon scaling
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1980

1990 2000
Year

2010

Figure 4. Relative scaling over time for
silicon and packaging features.

age and board level scaling. Clearly,
Silicon has been scaled by a factor of
2000X in comparison with packages and
boards, which are merely scaled by a factor of 5. To achieve holistic scaling, it is
essential to reduce the overall footprint
of the system. We will present a systematic approach to do so. Although some
of these transformations are underway
already, but the pace needs to be accelerated considerably.
Interposers and 3D Stacking
In the previous section we pointed
out the drawbacks of a conventional
package based architecture. One possible way to circumvent these hurdles
is to completely eliminate the package
and directly bonding the bare dielets
to an interconnect fabric which will
significantly reduce the overall system
footprint. The first steps in this directions
have been taken with silicon interposers.
The interposer provides a silicon-based
layer on which a few dies can be integrated. The interposers have demonstrated tight interconnections (Pitch: 40 µm)
between dies, heterogeneous integration,
power management and distribution as
well as the possibility of going to smaller
SPRING 2017 MEPTEC REPORT 19
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TECH BRIEFS – We are pleased to introduce this new
feature to the MEPTEC Report, brought to us by new
Advisory Board member Dr. Gamal Rafai-Ahmed from Xilinx.
The State-of-the-Art Technology Briefs contains articles from
the Binghamton University S3IP “Flashes.”

BINGHAMTON UNIVERSITY
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15TH ANNUAL MEMS AND SENSORS
TECHNOLOGY SYMPOSIUM

06.06.2017
LEADING PERSPECTIVES ACROSS THE SUPPLY CHAIN
TUESDAY, JUNE 6, 2017 | SAN JOSE, CALIFORNIA
SYMPOSIUM 8:00AM - 5:00PM | EXHIBITS 9:30AM - 6:30PM | RECEPTION 5:00PM - 6:30PM

M

uch has changed over the last 15 years in the electronics
industry, one of the most significant being the incredible
growth of MEMS enabled sensors. The use of sensors
in mobility applications has increased by more than 1000-fold
over the last decade alone. MEPTEC’s 15th Annual MEMS and
Sensors Technology Symposium is evolving as well, explicitly
acknowledging sensors and how their integration in mobility,
wearables, health care, automotive and health care devices
continue to change the way we live, move, and communicate.
As these rapid transitions continue, what do the industry leaders
see as new applications that will continue to drive these trends?

KEYNOTE SPEAKER
JOHN BAEKELMANS
Managing Director
Vice President
imec

KEYNOTE SPEAKER
LEN SHEYNBLAT
Vice President of Engineering
Qualcomm Technologies Inc.

What use cases require us to develop innovative solutions to
enable highly reliable and cost effective products? At what point
do we need alternative and out of the box solutions to keep up
with the projected demand in tens of billions of units? Will serial
manufacturing and test solutions of today scale to meet these
requirements or do we need new additive manufacturing solutions to keep pace?

TOPICS WILL INCLUDE:
New Applications driving sensor technologies: smart textiles,
automotive sensors, VR/AR systems, DNA sequencing and diagnostics, etc.
Manufacturing Solutions for existing and new sensor technologies: Si technology evolution driving radical performance
improvements in traditional MEMS (inertial, pressure, etc); additive manufacturing solutions for sensors; radical package and
system level integration solutions including integrated batteries,
etc.
Join us to hear from ODMs, OEMs and foundry/OSAT leaders
and hear how we can address the applications needs and the
required capabilities to keep pace with evolving MEMS and
Sensor demands.
PREMIER SPONSOR

PLATINUM SPONSOR

GOLD SPONSOR

Sponsorship Opportunities and Exhibit Spaces Available
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MEPTEC Advisory Board – On the Move
Ivor Barber, longtime MEPTEC
Advisory Board
member, recently
moved to AMD
where he is now
Corporate Vice
President for Packaging. Prior to
AMD Ivor was at
Xilinx for 23 years in various engineering and leadership positions in packaging, with his last four years as Senior
Director of Package Process Technology
Development.
Dr. Gamal
Refai-Ahmed is
Ivor’s replacement
on the MEPTEC
Advisory Board
representing
Xilinx, and is a
Distinguished
Engineer (and
Adjunct Professor
at the Watson School of Engineering and
Applied Science SUNY Binghamton.
Dr. Refai has made important contributions to the field of electronics packaging. He has significantly advanced this
scientific field through his development
of ground-breaking electronics cooling
technologies. His engineering practice
has not only impacted the academic
community, but has also greatly influenced the consumer electronics, telecommunications and energy industries.
Due to his pivotal discoveries, many
types of electronic systems are able to
maintain a higher performance even
among the most challenging circumstances. His inventions have also led to
improved performance, versatile, reliable, and commercially viable electronic
systems for a wide variety of product
offerings.
Dr. Refai has introduced a new feature for the MEPTEC Report, State-ofthe-Art Technology Briefs, starting with
this issue … see page 25.
meptec.org

Nick Leonardi,
who has been on
the MEPTEC
Advisory Board for
over a decade, has
recently been
retained by SMART
Microsystems in
the position of
Director of Business Development. Nick has over 25
years of industry experience with positions ranging from product development and manufacturing to sales and
marketing, from start-ups to Fortune 100
companies. He has gained valuable technical sales, marketing and applications
management experience with companies
such as General Electric and National
Semiconductor. The transition to business development followed years in manufacturing and development engineering
with companies such as LSI Logic and
Advanced Micro Devices.
Mr. Leonardi received a B.S. Degree
in Materials Engineering from Alfred
University, in New York State.
Dr. Minghao
Shen has replaced
John Xie as the
MEPTEC Advisory Board member representing
Altera (now part
of Intel) where
she is a Principal
Packaging R&D
Engineer. With her wide knowledge of
semiconductor process development, she
is leading the multi-die wafer level and
panel level integration development at
Altera. She received her BS in Physics at
Beijing University, China, and her Ph.D.
in Physics at Yale University. Prior to
Intel she worked at AMD / Spansion and
Maxim Integrated as a Process R&D
Integration Engineer. Her work spans
from silicon Cu back end of line, TSV,
and far back end of line process.

		

Dr. Scott Sikorski
has joined the
MEPTEC Advisory Board as
the STATS ChipPAC representative. Scott joined
STATS ChipPAC
in 2009 after a 20
year career with
IBM Microelectronics during which time
he held positions in R&D, Manufacturing, Product Line Management, Business Management and Marketing. Upon
joining STATS ChipPAC, Dr. Sikorski
was responsible for the Wirebond and
Test product line areas and moved to
head of Corporate Strategy in late 2012
before assuming his current position as
Vice President of Product Technology
Marketing in December 2014. In his
current role he is responsible for leading
the company’s marketing and business
development activities in advanced packaging technology.
Two MEPTEC Advisory Board members
will no longer be able to serve:
Nikhil Kelkar left Exar to take advantage of an excellent opportunity to be
the Executive Director or Reliability at
Maxim Integrated. Nikhil’s new schedule will not allow him to remain on the
Board, but we’d like to thank him for his
years of service.
John Xie, former Advisory Board
member for Altera, is now working at
Apple on their camera development
team. As he is no longer involved in
packaging, John will no longer be on the
Board, but he did find us a great replacement in Dr. Minghao Shen. ◆
We would like to take this opportunity
to thank all of our MEPTEC Advisory
Board members who have served over
the last three decades. See page 3 for a
complete list of current MEPTEC Advisory Board members.
SPRING 2017 MEPTEC REPORT 5



MEMBER NEWS
JIM HISERT NAMED
INDIUM APPLICATIONS
MANAGER

Indium Corporation has
named Jim Hisert as Indium Applications Manager.
Hisert is responsible for
exploring and leveraging
the use of indium in various
forms and applications. He
will use this information
to identify new markets
for existing products and
identify new opportunities. Hisert has worked for
Indium for over 10 years in
various roles, including as
an Applications Engineer
and a Manufacturing Engineer. He earned his bachelor’s degree in mechanical
engineering technology
from the State University
of New York’s Polytechnic
Institute and earned a certification in “Fundamentals
of Vapor Deposition” from
the University of Delaware.
www.indium.com

 AMKOR TO
ACQUIRE NANIUM
Amkor Technology and
NANIUM S.A. have announced that they have
entered into a definitive
agreement for Amkor to
acquire NANIUM, a world
class provider of waferlevel fan-out (WLFO) semiconductor packaging solutions. Terms of the transaction were not disclosed.
The acquisition of NANIUM
will strengthen Amkor’s
position in the fast growing
market of wafer-level pack-



Intel to Buy Mobileye in a Deal Valued at $14.7B
Combining Technology and Talent to Accelerate the Future of Autonomous Driving

Photo credit: Bloomberg



INTEL CORPORATION
and MOBILEYE N.V. have
announced a definitive agreement under which Intel would
acquire Mobileye, a global
leader in the development of
computer vision and machine
learning, data analysis, localization and mapping for advanced driver assistance systems and autonomous driving.
Pursuant to the agreement,
a subsidiary of Intel will
commence a tender offer to
acquire all of the issued and
outstanding ordinary shares
of Mobileye for $63.54 per
share in cash, representing an
equity value of approximately
$15.3 billion and an enterprise value of $14.7 billion.
The combination is expected to accelerate innovation for the automotive
industry and position Intel as
a leading technology provider
in the fast-growing market for
highly and fully autonomous
vehicles. Intel estimates the
vehicle systems, data and services market opportunity to
be up to $70 billion by 2030.
This transaction extends
Intel’s strategy to invest in
data-intensive market opportunities that build on the company’s strengths in computing
and connectivity from the
cloud, through the network, to
the device.
This acquisition will combine the best-in-class technol-
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ogies from both companies,
spanning connectivity, computer vision, data center, sensor fusion, high-performance
computing, localization and
mapping, machine learning
and artificial intelligence.
Together with partners and
customers, Intel and Mobileye expect to deliver driving
solutions that will transform
the automotive industry. The
combined global autonomous
driving organization, which
will consist of Mobileye and
Intel’s Automated Driving
Group, will be headquartered
in Israel and led by Prof.
Amnon Shashua, Mobileye’s
Co-Founder, Chairman
and CTO. The organization
will support both companies’ existing production
programs and build upon
relationships with automotive OEMs, Tier-1 suppliers
and semiconductor partners
to develop advanced driving
assist, highly autonomous
and fully autonomous driving
programs. Intel Senior Vice
President Doug Davis will
oversee the combined organization’s engagement across
Intel’s business groups and
will report to Prof. Amnon
Shashua after the transaction’s closing.
As cars progress from
assisted driving to fully
autonomous, they are increasingly becoming data centers

on wheels. Intel expects that
by 2020, autonomous vehicles
will generate 4,000 GB of
data per day, which plays
to Intel’s strengths in highperformance computing and
network connectivity. The
complexity and computing
power of highly and fully
autonomous cars creates
large-scale opportunities for
high-end Intel® Xeon®
processors and high-performance EyeQ®4 and EyeQ®5
SoCs, high-performance
FPGAs, memory, high-bandwidth connectivity, and computer vision technology.
Mobileye N.V. is the
global leader in the development of computer vision and
machine learning, data analysis, localization and mapping
for Advanced Driver Assistance Systems and autonomous driving. The Company’s
technology keeps passengers
safer on the roads, reduces
the risks of traffic accidents,
saves lives and has the potential to revolutionize the driving experience by enabling
autonomous driving. The
Company’s proprietary software algorithms and EyeQ®
chips perform detailed interpretations of the visual field
in order to anticipate possible
collisions with other vehicles,
pedestrians, cyclists, animals,
debris and other obstacles.
The Company’s products are
also able to detect roadway
markings such as lanes, road
boundaries, barriers and similar items; identify and read
traffic signs, directional signs
and traffic lights; create a
Roadbook™ of localized drivable paths and visual landmarks using REM™; and
provide mapping for autonomous driving. The Company’s
products are or will be integrated into car models from
more than 25 global automakers. ◆
meptec.org

ASE Gears Towards a Sustainable
World with the Presentation of the
‘Excellence in Sustainability Award’
Advanced Semiconductor
Engineering, Inc. has recently
hosted the ASE Group 2016
supplier award ceremony.
Besides the ‘Best Supplier
Award’ category that recognizes and honors outstanding
suppliers, an ‘Excellence in
Sustainability Award’, which
is an OSAT industry’s first,
was added this year. For the
sustainability award category,
ASE engaged an independent third party assessor to
design questionnaires, tools
and scorecards to evaluate
suppliers on their sustainability practices. On-site
assessments and interviews
were conducted at suppliers’
premises to ensure supplier
conformance on sustainability
through legal compliance and
business conduct, labor health
and welfare management,
environmental practices and
social responsibility.
At the ceremony, twenty
suppliers were presented the
‘Best Supplier Award’ while
three suppliers received the
‘Excellence in Sustainability
Award’. Over 500 representa-

tives from 115 companies
worldwide supplying equipment, raw material, engineering contracts, environmental
and waste management,
logistics and various products
and services to ASE, were
in attendance. The annual
awards ceremony held in
Kaohsiung, Taiwan continues
to receive high level support from the government,
local academia, international
consulting firms and related
industry associations.
“This year’s theme, ‘Gear
towards a Sustainable World’,
shows ASE’s commitment to
incorporate sustainability in
procurement and encourage
our suppliers to care more
about sustainability,” said S.S.
Lee, General Manager, ASE
Corporate Procurement. He
added, “We continue to make
this a special occasion to
honor and acknowledge our
network of partners and to
collaborate with them on creating industry innovations.”
For more information
about the ASE Group, visit
www.aseglobal.com. ◆

STATS ChipPAC Achieves 1.5 Billion
Unit Milestone in FOWLP Shipments
STATS CHIPPAC PTE. LTD. HAS ANNOUNCED THAT IT
has shipped 1.5 billion fan-out wafer level packages (FOWLP),
also known in the industry as embedded Wafer Level Ball Grid
Array (eWLB). In high volume production for over seven years,
STATS ChipPAC has led the industry in FOWLP technology innovations and unit shipments.
“As an early adopter of FOWLP, STATS ChipPAC set an
aggressive course in pushing the boundaries of advanced package
architecture and manufacturing capabilities long before its peers.
We have delivered a number of breakthrough achievements in
package density, form factor and heterogeneous integration while
continually driving innovations in the manufacturing process to
provide a proven, cost effective advanced packaging platform for
our customers,” said Shim Il Kwon, Chief Technology Officer,
STATS ChipPAC. “Shipping 1.5 billion eWLB packages is a testament to the growing adoption of this technology and the performance, size and cost advantages it provides to our customers.”
Further information is available at www.statschippac.com. ◆
meptec.org

AC C R EDITED
CERT # 3558*

Surface mounted device with
delamination (red) along the entire
length of several leads. This part
would fail per J-STD-020 criteria.

®

SonoLab is Your Lab
An ISO/IEC 17025:2005 Certified Testing Lab*
SonoLab, a division of Sonoscan®, is the world’s largest
inspection service specializing in Acoustic Micro Imaging
(AMI). Through SonoLab, you’ll have access to the superior
image quality and reliable data accuracy of Sonoscan
C-SAM® acoustic microscopes, plus the capabilities and
careful analysis of the world’s leading AMI experts.
With worldwide locations,
unmatched capabilities,
extensive experience
and the best equipment
available, SonoLab gives
you the ability, flexibility
and capacity you need
to meet all your AMI
requirements.

SonoLab® Services
• Component Qualification
to Industry Standards
• Materials Characterization
and Evaluation
• High-Capacity Screening
and Lot Reclamation
• Failure Analysis and
Constructional Analysis
• Inspection and Audit Services
• Custom Training

To learn more visit sonoscan.com/sonolab
*For U.S. Locations Only

847-437-6400 • sonoscan.com
Elk Grove Village, IL • Silicon Valley, CA • Phoenix, AZ • England
Philippines • Singapore • Shanghai • Taiwan
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MEMBER NEWS
aging for smartphones,
tablets and other applications. NANIUM has
developed a high-yielding,
reliable WLFO technology, and has successfully
ramped that technology
to high volume production. NANIUM has shipped
nearly one billion WLFO
packages to date utilizing
a state-of-the-art 300mm
Wafer-Level Packaging
(WLP) production line.
www.amkor.com

 DELPHON REPORTS
RECORD 2016 SALES
Delphon, a company that
specializes in polymer and
adhesive solutions for the
electronics and medical
industries, reported record
sales for the year ending
December 31, 2016. The
company reported sales
were up 16% over 2015
figures, a gain equally
spread between both domestic and international
transactions. The increase
was driven by the introduction of new products and
materials, and expanded
revenues from the photonics, semi-IC and medical
markets.
www.delphon.com



MICRON TO ESTABLISH ITS CENTER OF
EXCELLENCE FOR
DRAM IN TAIWAN
Micron Technology, Inc.
has announced that it
successfully won the auction for Cando Corporation assets, which will be
utilized in establishing a
back-end site for Micron
Taiwan. The acquisition
includes the cleanroom
and tools that are adjacent to Micron’s existing
Taichung fab, bringing
the company’s fabrication
and back-end together in
one location. The new site
will focus on establishing
a centralized back-end
operation.
www.micron.com

◆

Large-Area C-SAM Tool for the Production Floor
®

SONOSCAN HAS INTROduced the J610™, the latest
member of its C-SAM® acoustic microscope line. The J610
is a semi-automated tool designed for production environments and has an unusually
large scan area. Its key role
is finding internal structural
defects by screening trays of
loose components, wafers,
board-mounted components
and other suitably sized items.
The 610mm x 610mm
scan area can accommodate
6 JEDEC-style trays or one or
more printed circuit boards.
To reduce vibrations and
maximize image quality, the
system’s patented inertially
balanced linear scanner is
counterweighted.
• The J610 can learn the x, y
and z extent of specific userdefined areas of interest within a component.

SEMI Appoints
Ajit Manocha as
President and CEO
SEMI HAS ANNOUNCED
the appointment of Ajit
Manocha as its president and
CEO. He will succeed Denny
McGuirk, who announced his
intention to retire last October. The SEMI International
Board of Directors conducted
a comprehensive search process, selecting Manocha, an
industry leader with over 35
years of global experience in
the semiconductor industry.
Manocha will begin his new
role on March 1 at SEMI’s
new Milpitas headquarter
offices.
Manocha was formerly
CEO at GLOBALFOUNDRIES, during which time he
also served as vice chairman
and chairman of the Semiconductor Industry Association
(SIA).
For more information visit
www.semi.org. ◆
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Sonoscan’s large-area
J610 C-SAM model
handles trays of loose
components, wafers,
board-mounted
components and other
large items.

• By comparing anomalies to
the user’s standards, it can
automatically accept or reject
components.
• Using Sonoscan’s PolyGate™
software, it can create a separate image for each of multiple depths of interest in a
given component, without increasing scan time.
• Using Sonoscan’s proprietary Q-BAM™ module, it can
create non-destructive cross

sections through a component.
• When scanning printed circuit boards, the system accurately finds and scans a component even if the component
is slightly out of place on the
board.
• When defects repeatedly appear in the same component
on multiple boards, steps can
be taken to find and eliminate
the cause.
• J610 inspection permits
replacement of board-mounted components that fail to
meet the user’s criteria.
For more information visit
www.sonoscan.com. ◆

Promex accelerates time to market
from concept to prototype to production

Mixed Assembly with SMT & Chip-wire
• Medical devices (implantable, wearable, medtech equipment)
• Redundant continuous flow SMT assembly
lines >/= 01005 component placement
• RoHS compliant and leaded solder systems
• IPC-A-610 Class 3 assembly

IC Packaging
• Hermetic, plastic, air-cavity, COB
• Multiple interconnect types
• Custom engineered flows (commercial, medical, military)
• Fast-track prototypes to production volumes
• Class 100 and Class 1000 clean rooms

The difference is in the engineering

ISO 13485:2003 ● ISO 9001:2008 ● ITAR Registered

www.promex-ind.com | 408-496-0222
meptec.org

TopLine Offers Bonding
Wire for Universities,
Labs, Small-volume Users
TOPLINE, A LEADING DESIGNER AND
manufacturer of semiconductor packages
and PCB assemblies, has started a new
service that makes it much easier for Universities, research facilities, laboratories,
and small-volume users to obtain bonding
wire manufactured by Tanaka. TopLine’s
One Spool policy allows users to purchase
as few as a single spool of bonding-wire.
TopLine’s policy is welcomed by customers who had been previously forced to
purchase large lots of bonding-wire.
“Other manufacturers of bonding wire
typically require customers to buy minimum order quantities, which might be
10 to 20 spools,” Martin Hart, TopLine’s
President, states. “But TopLine’s M.O.Q.
is just One Spool. Our goal is to make
it easy for small-volume customers to
have quick, hassle-free access to Tanaka’s
world -class quality bonding wire, helping Universities, laboratories and R&D
projects helps to advance technology, and
ultimately the industry that supports all of
us,” he added. Visit TanakaWire.com. ◆

SHENMAO America, Inc. Introduces
Omega Aleaciones S.A. de C.V

OMEGA ALEACIONES S.V. SALES
and Application Engineering Team now
reinforces SHENMAO’s commitment to
providing their worldwide EMS and OEM
customers with the highest quality and
technical solutions solder paste to meet
the challenges of today’s SMT Assembly
and Product Reliability throughout Mexico. Three Omega Aleaciones Sales, Service and Application Engineering Staff
successfully completed Product Application Training at SHENMAO Technology,
Inc. headquarters in Taiwan.
With 11 of the 12 largest EMS companies as its customers, SHENMAO

Technology, Inc. of Taiwan is a global
leader of superior solder materials with 10
manufacturing, technical and sales support facilities located around the world.
SHENMAO America, Inc., the American
subsidiary, manufactures solder paste in
San Jose, California, supporting a wide
range of products for the PCBA and
Semiconductor Industries, and is now
complimented by multiple locations in
Mexico by exclusive distributor Omega
Aleaciones S. A. de C. V. and their own
products of Wave Solder Bar, Cored Solder Wire, Flux and collection of Solder
Dross.
As the world’s major solder materials
provider for 44 years, SHENMAO produces SMT Solder Paste, Laser Soldering
Paste, Wave Solder Bar, Solder Wire and
Flux, Solder Preforms, Semiconductor
Packaging Solder Spheres, Wafer Bumping Solder Paste, Dipping Flux, LED Die
Bonding Solder Paste and PV Ribbon.
For more information visit the SHENMAO website at www.shenmao.com or
email sales@shenmao.com. ◆

ONE COMPONENT
1-800-776-9888

SILVER FILLED EPOXY
NASA Low Outgassing Approved

EP3HTS-LO

ELECTRICALLY CONDUCTIVE

Volume resistivity: <0.001 ohm-cm

THERMALLY CONDUCTIVE
12-15 BTU•in/(ft²•hr•°F)

HIGH STRENGTH PROFILE

Tensile strength: 4,000-6,000 psi

FAST CURING

45-50 minutes at 250°F

+1.201.343.8983 ∙ main@masterbond.com

www.masterbond.com
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INDUSTRY
INSIGHTS
By Ron Jones

It’s Just Material
(Science)
 WHEN I WAS IN THE SIXTH GRADE,
I took a test to determine what careers I
might enjoy or be good at. I don’t remember any jobs other than engineering. I
didn’t know what that was, so I asked my
teacher. I can’t remember what she said,
but I knew that I wanted to be one.
As I got older, I learned that there were
different types of engineers: mechanical,
electrical, civil. Since my dad was in construction, I decided I wanted to be a civil
engineer. I wanted to build big things,
like buildings, highways and dams . . . an
ironic choice since I’ve spent my entire
career in microelectronics. As a Civil
Engineering major, my first year was all
math, chemistry, physics . . . basically the
same for all engineering disciplines.
The first semester of my sophomore
year, I took a course called “Properties
of Materials.” I learned about stress and
strain, crystalline structures, why some
materials were brittle and others were
malleable, why some conducted electricity
and other did not. I fell in love. I asked
my professor what major would let me dig
more deeply into things like this. He said
either Ceramic or Metallurgical Engineering. Some colleges had already started
lumping those two along with plastics into
materials science, but Cal had a long history of mining and kept the two separate.
Metallurgical sounded so much sexier
than ceramic . . . so I went with it.
When I graduated, my first job was
with Signetics R&D. I was pretty clueless
on integrated circuits, but my materials
background came in very handy to solve
yield and reliability problems. Anybody
remember purple plague? Next, I went to
Texas Instruments as a wafer fab process

engineer. It was great. I can remember
discussing doping equations with the diffusion engineers, explaining anisotropic
etch rates (due to <1,1,1> orientation) to a
photoresist engineer and why metal deposition characteristics differed among triode
sputtered, RF sputtered and high temp
evaporated metal interconnects layers.
I’ve spent my career in semiconductor
operations, either doing manufacturing or
consulting. Material Science has been a
great background to support that career.
Material Science does not stand alone,
as it involves a broad range of chemistry,
physics and math. It does, however, put
these together in a unique way.
For many years, material science was
focused on understanding the materials
around us. We certainly can’t explain
everything now, but a lot of the effort
today is in developing new materials to
solve problems, big and small.
Take superconductivity, first discovered in 1911. We have developed materials that have zero resistance above the
temperature of liquid nitrogen. There are
researchers that believe we might create superconducting materials above the
freezing point of water. Imagine a mag-lev
train that could travel 1000 miles without
using any energy.
There has been a fascination with
diamonds for the past 3,000 years. This
increased when it was discovered that the
composition of fireplace soot (one of the
world’ softest materials) and diamond (the
world’s hardest material), were both made
of elemental carbon. Remember how man
tried for centuries to convert lead to gold
. . . how about soot to diamonds. Today,
we have discovered how to use carbon to
create graphene in the form of nanotubes
and sheets, with a tensile strength that is
325 stronger than steel and significantly
lighter. Imagine the possibilities of this
discovery alone.
There is a statistic quoted that 3 out
of 4 jobs in 5 years don’t exist today.
Though you may not know the exact
job, I would make a case that studying
materials science is a great background to
qualify for a broad range of jobs, for as

long as you want to work.
Trying to describe the scope of material science is a bit like trying to explain
the size of a 14nm transistor. Hard as you
try, it’s hard to do it justice. I fell back
on the description provided by the Cal
Department of Material Science and Engineering.
Materials Science and Engineering
encompasses all natural and man-made
materials – their extraction, synthesis, processing, properties, characterization, and
development for technological applications. Advanced engineering activities that
depend upon optimized materials include
the medical device and healthcare industries, the energy industries, electronics
and photonics, transportation, advanced
batteries and fuel cells, and nanotechnology. Students in materials science and
engineering develop a fundamental understanding of materials at the nano, micro
and macro scales, leading to specialization
in such topics as: biomaterials; chemical
and electrochemical materials science
and engineering; computational materials
science and engineering; electronic, magnetic and optical materials; and structural
materials. As in the past, today’s materials
advancements enable new technological
breakthroughs across all engineering disciplines.
This year, I celebrated the 50th anniversary of my metallurgical engineering
degree. As I look back at what I’ve done
with it, I would choose material science
all over again. As I look forward to the
myriad opportunities a new grad would
have to make a difference, I would recommend it to the technically minded. ◆
RON JONES is CEO of N-Able Group
International; a semiconductor focused
consulting and recruiting company. N-Able
Group utilizes deep semi supply chain
knowledge and a powerful cloud based
software application to provide Conflict
Mineral Compliance support services to
companies throughout the semiconductor
supply chain including fabless, foundry,
OSAT and materials suppliers. Email
ron.jones@n-ablegroup.com for more info.

15TH ANNUAL MEMS & SENSORS TECHNOLOGY SYMPOSIUM
TUESDAY, JUNE 6, 2017

10 MEPTEC REPORT SPRING 2017

|

HOLIDAY INN SAN JOSE - SILICON VALLEY

|

SAN JOSE, CA

meptec.org

ANALYSIS

What’s Missing in Advanced Packaging?
When it comes to multi-board and multi-chips-on-a-board designs,
do engineers have all the tools they need?
Ann Steffora Mutschler, Executive Editor
Semiconductor Engineering

Printed with permission of Semiconductor
Engineering - semiengineering.com
EVEN THOUGH MOORE’S LAW IS
running out of steam, there is still a need
to increase functional density. Increasingly, this is being done with heterogeneous
integration at the package or module level.
This is proving harder than it looks. At
this point there are no standardized methodologies, and tools often are retrofitted
versions of existing tools that don’t take
into account the challenges of multipledie packages. But as process scaling
becomes more difficult and expensive,
and as systems become more complex,
multi-chip packaging is becoming harder
to ignore.
Among the drivers of this trend:
• Higher system performance with lower
latency and faster throughput;
• Lower power due to less resistance and
shorter distances between components;
• Less congestion with lower system cost,
and
• The ability to leverage components such
as analog that were developed at older
nodes.
Advanced packaging has been gaining momentum in the analog/RF world
for the past several years. 2.5D packages
have been marketed by companies such
as AMD, Huawei, Cisco and IBM for
high-speed applications where cost is not
a critical element, and they have gotten
a giant boost in the past year with the
rollout of HBM2 from SK Hynix and
Samsung.
Fan-outs have been under development as an alternative to 2.5D. The
iPhone 7, introduced in September, is the
first mass-market implementation of a
fan-out. It is based on TSMC’s Integrated
Fan-Out (InFO) process.
As these approaches catch hold,
meptec.org

though, questions are surfacing about
what else advanced packaging can be used
for. And equally important, what is needed
to simplify these processes, standardize
them to the point where yield is predictable and economies of scale can take
effect. That typically leads to a discussion
about what can be automated, what tools
are needed, and what can be modified to
address these issues.
“SerDes doesn’t scale as well as some
digital technology, so people are starting
to look at operating the SerDes from the
actual processor, and integrating that onto
some sort of carrier – whether that’s a
package or an interposer,” according John
Park, product management director for IC
packaging and cross-platform solutions at
Cadence.
To address this, engineering teams are
starting to look for a single environment
for the capture of the logic and the signoff simulation for capturing that system.
Historically, there was a connectivity tool
for the IC designer, and a separate connectivity tool, and simulation environment
for the package and PCB designers.
“Now, however, a lot of people – especially in the analog/RF packaging world –
are looking more for a single environment
so they can capture their system level
schematic as a higher-level schematic
than their IC,” Park said. “For example,
a design team may take three different
ICs and integrate them all together into
a single system or system-in-package.
Typically, that was done in the past with
separate schematics, and people now want
to create another level of hierarchy in
the schematic capture tool that the chip
is already being done in, and use that to
drive the system-level implementation.
When you do that, there are lots of challenges that come into play. When doing
simulation across multiple technologies
		

and even different process nodes, there
is all kinds of model conflict. An NPN in
one technology/process node is something
completely different in the other process
nodes, so taking care of how you manage
that model collision when you start to
integrate all of these different technologies
into a single system becomes quite a challenge.”
Along with the demand for this single
environment, engineering teams want the
ability to include the system-level interconnect, including the layout parasitics,
in a single schematic used to drive the
implementation. And possibly even more
important, they need an LVS sign-off
flow. One of the big missing technologies
here is layout versus schematic.
“When you have two different design
capture environments, that makes it very
difficult to perform an LVS check, so this
single environment in theory would help
simplify that whole process of validating what you have in your IC and system
capture environment with what is actually
implemented in the system layout environment,” Park added.
At the same time, multiple boards and
multiple chips both can sit in the same
design thread from initial concept to final
product, and they both are the result of
high-level partitioning of functions into
discrete hardware platforms/fabrics – the
product of decisions to engineer portions
of a design in-house vs. leveraging COTS
‘components’ (as boards or packaged
chips), said Dave Wiens, product marketing manager for the Systems Design
Division of Mentor Graphics. “There are
multiple ‘packaging’ steps that happen in
the design process. Chips are packaged
independently, or integrated with other
active and passive components inside a
continued on page 12
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continued from page 11

mechanical package. Boards are packaged
independently, or integrated with other
boards inside a mechanical package. In
some systems (such as ECUs in an automobile), these packages are integrated
with other packages via cable harnesses.
And then, of course, there are systems of
systems where the integration and packaging can be virtual (in the form of wireless
communication) or physical.”
The problem is that today, many of
these partitioning decisions are made in
isolation from the rest of the design implementation process, and without complete
understanding of ICs, packages or boards
that could be re-used from previous products, he said. “Tools that intelligently capture the system architecture and integrate
the system design stage with functional
implementation of multi-board systems
and wiring interconnect are now coming
on-line. The next generation of design
tools will aid in the decision-making and
tradeoffs that occur at the functional system partitioning stage with hardware, software, cabling and mechanical enclosures,

replacing guesswork with multi-domain
virtual prototyping and manual integration
steps with automation.”
A Compelling Option
Multi-chip packaging can be a compelling option if the engineering team
can find a way to architect a solution that
yields sufficiently, said Mike Gianfagna,
vice president of marketing at eSilicon.
eSilicon has been wrestling with this
problem for the past several years. The
company works with a variety of technologies and provides complex architectural design support that leverages the
R&D budgets of its supply chain partners.
The company has completed multiple test
vehicles – eight in finFET-class designs
alone – to come up this learning curve.
Among the issues it has encountered are
manufacturability, signal and power integrity, thermal integrity and management,
warpage and co-planarity specification
and analysis, and substrate material definition and development.
On the IP side, there are also challenges – just one of which is to model different latencies. Then, at the architectural

level, re-use continues its upward trajectory. Case in point: Marvell’s modular chip
concept, MoChi, meant to allow design
teams to build a variety of flexible SoCs
in modular, LEGO-like format to reduce
both time-to-market and cost.
“The difficulty is understanding deadlock, which is prevalent inside chips,”
said Anush Mohandass, vice president
of marketing and business development
at NetSpeed Systems. “If you look at a
multi-die architecture, deadlocks become
extremely difficult because each of the
different dies were designed in isolation,
and you don’t know when you put it all
together how it’s going to interact. It’s
very easy to get into trouble very fast.”
This is where interconnects come
into play, and the ability to understand
the ramifications of bringing subsystems
together; the performance impacts; and
formally proving the system is deadlockfree.
PCBs Advance
While not historically a big concern of
chip designers, PCBs play an increasingly
important role in advanced packaging. A
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fan-out is basically a compressed PCB in
a package, and a 2.5D package is roughly
the same concept using an interposer or
some other high-speed interconnect.
Ed Hickey, product engineering director for Allegro PCB editor at Cadence,
explained that today, the tools involved
in a PCB development flow need to come
closer together. “Products are smaller,
there is less airflow in them. We need
to bring into the PCB world what has
been traditionally done in the mechanical
world.”
To be sure, the mechanical world is
a 3D environment, while the PCB world
has been 2D. But where advances have
been made in the 3D space, the PCB
world needs to figure out collisions to the
enclosure and collisions to shields in real
time, he said. “The traditional process is
to pass back a file from the PCB design
tool into the mechanical tool where they
can do conflict checking of components
to enclosure – where ‘pass files back,’
typically means ‘delay.’ Sometimes the
receiver isn’t working that day so you lose
a day just trying to get an answer about
whether it is okay to put a component in a

particular place.”
Another difference between the PCB
world of yesteryear and today is that
PCB form factors used to be relatively
standard: a 15" x 15" board. “Today,
there are many non-standard PCBs in a
range of products, and the process from
mechanical to electrical CAD can be very
iterative – maybe as many as 30 iterations
of design files going back and forth for
a variety of reasons. There are so many
dynamics in this co-design environment
that the MCAD tools and the ECAD tools
really need to work in sync because it’s
not just mechanical anymore driving the
requirements. The PCB designer has a big
say in influencing the mechanical requirements. As such, the two teams have to
work together in a collaborative way for
a product that might be built in the millions,” Hickey continued.
Total System Path Considerations
While advanced packaging can help
soften requirements for timing and signal
integrity, rules for both are still an issue.
“Certain signals need to be routed to a
certain length or delay,” Hickey said.

“Traditionally, that’s been a requirement
on a board-by-board basis. But today
you have to look at the total system path
because the propagation of one signal on
one board through a connector, perhaps,
onto another board – that’s a total system
timing path. Usually when trying to meet
delay rules, the goal is to match the length
of signals across a byte lane, or an interface. To match lengths, typically the trace
is elongated, and that takes up real estate
on a PCB.”
A common challenge is that one circuit
board may be dense, with no place to add
this elongation. Then on the mating board,
there may be a lot of room there so the
designer needs to understand where slack
management can happen – and that’s system design.
At the end of the day, rules must be
set for a timing path outside of a single
board, onto another board, and then determine where best to make a compensation.
Unfortunately, this is not a straightforward
process today. But as with other issues
detailed above, much development work
is ongoing in the industry to address, if
not solve, these challenges. ◆
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PROFILE
IN 1946, NAMICS CORPORATION
was originally established as Hokuriku
Toryo Co. Ltd., a manufacturer of
paints and coatings for household
and industrial use. In 1958, they successfully developed CERACOAT as
their first insulating material for the
electronics market. Ten years later
they developed silver filled conductive
pastes. In 1980, they ceased production of regular industrial paints and
coatings and diverted completely into
the manufacture of materials for the
electronics market. Their sole dedication to this market led to the commercialization of HIMEC® and UNIMEC®,
sintering and thermosetting types of
conductive pastes respectively. In
addition, through extensive research
and development they developed the
CHIPCOAT® line of products which
are high purity insulating materials for
ICs and LSIs.

The company name was changed
to NAMICS CORPORATION on their
50th year anniversary. NAMICS stands
for “Nature and Art, Mutual Prosperity,
Innovation, Creativity, and Sensitivity”
which make up the essence of their corporate philosophy.
Headquartered in Niigata-City, the
largest city in northwestern Japan, NAMICS employs approximately 500 people
worldwide. Their domestic facilities
include their Headquarters and Factory, NAMICS Techno Core (NTC), the
Tsukioka Factory and sales offices in
Tokyo and Osaka. Their overseas operations include sales offices in San Jose
and New York in the United States, Singapore, Taichung City, Taiwan, Shanghai, China, Seoul, Korea, and Munich,
Germany. NAMICS is also represented
in Seoul, Shanghai, and Taiwan, as well
as France, Italy, Switzerland, Hungary,
Israel, and Russia. NAMICS also has a
factory in Yantai, China where insulating
materials for electronic components are
manufactured.
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NAMICS Techno Core (NTC)
Research and Development Center.

In 2008, NAMICS Corporation
acquired Diemat Inc, located in Byfield,
Massachusetts. Diemat specialized in the
development and manufacture of innovative adhesive and sealing materials to
serve the electronic packaging industry.
Diemat developed and patented new
generation materials; including a lower
temperature (300°C) Ag loaded glass
adhesive and a unique family of organic
adhesives offering high thermal conductivity. Diemat also developed low temperature sealing glasses for hermetically

sealing optical fibers in optoelectronic
packages as well as hermetic sealing of
package lids and lenses.
On January 1, 2013 NAMICS established the NAMICS North American
R&D Center - Diemat, Inc. (NDR).
NDR’s mission is to focus on the
research and development of new, high
performance materials in collaboration
with NAMICS Techno Core (NTC).
After the March 11, 2011 Great
East Japan Earthquake, NAMICS realized the need to improve the stability

NAMICS Product Lineup.
meptec.org

NAMICS Taiwan Co., Ltd. Facility.

Shown above top to bottom: NAMICS
Headquarters and Factory, NAMICS
ADFLEMA Factory, the New NAMICS
Niigata Manufacturing Site.
of product supply. One solution was
a backup manufacturing site as a part
of NAMICS’ business continuity plan.
NAMICS opened the new manufacturing
site, NAMICS Taiwan Co., Ltd. (NTH)
in Tongluo Township, Taiwan in 2013.
The Taiwan factory has begun supplying insulating and chip-on-film products
to customers in Taiwan with plans to
expand to conductive products as well.
Currently NAMICS is upgrading
the Niigata, Japan manufacturing site.
A new manufacturing building is being
constructed that incorporates the latest
construction standards for withstanding
natural disasters. It will be completed in
April, 2017. Sample shipments will be
beginning in September 2017 with full
operation expected in 2019.
With these worldwide operations,
NAMICS has invested in new facilities
and workforce to exceed customer’s
future needs. NAMICS has become a
leading company producing both conductive and insulating materials for the electronics industry.
meptec.org

NAMICS TECHNOLOGY
Underfills (UF) are materials that
protect semiconductors from dust, moisture, vibration, impact, and serve as an
encapsulant. CHIPCOAT® is one of
their key products, and they have been
developing and marketing this UF for the
past twenty years. In addition, HIMEC®
and UNIMEC® are flagship products of
NAMICS that are used in the manufacture of passive components.
New product development is a primary goal to drive growth. Therefore,
they are actively developing high quality
cutting-edge products to lead the next
generation. Based on their three core
technologies; Materials (insulating &
conductive), Processes (composition &
dispersion), and Simulation (analysis of
materials and structure), they are focusing on the areas of SEEDS, which stands
for Semiconductor, Energy, Environment,
Display, and System.
Recently, with the increase of environmental consciousness, solar energy is
receiving attention worldwide. NAMICS
is providing solutions to customers in
environmental and energy companies.
They offer convenient and ecologicallyconscious products to make life better.
In 2008, NAMICS opened their new
R&D center, NAMICS Techno Core
Shown at right top to bottom: NAMICS
COF Products, NAMICS Overcoat
Products, NAMICS HIMEC® Products,
NAMICS UNIMEC® Products.
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PROFILE
transition temperature (Tg) by elastic and
rheological analysis. They found there
was a significant difference between
the two analytical methods in terms of
thermal warpage behavior of packages.
Using this information, they succeeded in
improving FEA substantially. To be more
specific, when analyzing the reliability
of flip chip packages, the rheology of the
underfill should be considered. NAMICS
is now developing new products utilizing
this new expertise.
NAMICS Techno Core Aerial View.

UNDERFILL MATERIALS

(NTC) which has been developing
cutting-edge materials to meet market
needs.
In order to fulfill customer wants
and needs, they continue to nurture the
creativity of their employees. In addition,
they lead the change from knowledge to
wisdom, and will develop new products
to actively lead in the next generation.

Requirements for Capillary Flow
Underfill Materials
The most widely used underfill type
for flip chips today is capillary flow. In
this method the underfill material is dispensed alongside the chip and penetrates
between the LSI chip and the substrate
by capillary action. In this process, fluidity is extremely important.
In order to obtain optimal dispensability, there are three important properties to consider:
1) Low viscosity

COLLABORATION & INNOVATION
Development of new products
takes a tremendous amount of time and
resources. In order to strengthen core
technologies, they have collaborated with
universities and academic institutions.
They also utilize this collaboration for
the development of new products and
technologies for target markets.
An example of a key area of collaboration is the study of the impact of
underfill rheology on the reliability of
flip chip packages. Flip chip underfills
have characteristics of rheology since
they are resins. Variation in rheology
causes deformation of the substrate
depending on the applied temperatures.
When a reliability analysis of underfill is
made, it is regarded as an elastic body in
the FEA (Finite Element Analysis) when
temperature cycle testing is conducted.
Very little research and few studies have
been conducted since the stress reduction
behaviors that are inherent to rheology
cannot be described. It was also difficult
for NAMICS to analyze these behaviors.
Reliability analysis is a high priority in
investigating the effect of rheology of
the underfill materials in flip chip packaging. Working in collaboration with a
university and a simulation laboratory,
NAMICS investigated the difference
between two types of underfill with glass
16 MEPTEC REPORT SPRING 2017

2) Small contact angle with the
substrate
3) Filler particle size.
In order for underfill to be low
viscosity, selection of a low viscosity
epoxy resin and hardener system is crucial. In addition, it is also important to
control the reactivity of the underfill at
the dispensing temperature. Generally a
higher dispensing temperature causes a
lower viscosity. Therefore, lower reactivity resin enables dispensing at higher
temperatures. On the other hand, an
extremely low reactivity resin system is
undesirable due to a very long cure time
at curing temperatures up to 180˚C.
Underfill is usually dispensed in a
temperature range between 50˚C and
120˚C and controlling viscosity and rheology in these temperature ranges is critical.
Surface tension, which provides
capillary action, generates only a small
shear stress; therefore, it is ideal to use
underfills that have characteristics of low
viscosity under the low shear stress condition.

NAMICS Underfill Products.
meptec.org

Filler particles must be small enough
to flow into the gap between the chip
and the substrate. A filler size of less
than 2µm is needed to flow into a gap
of 50µm. Generally, underfills with an
average filler size of 0.3µm are used for
gaps of less than 10µm. Many current
flip chip packages have 20 mm x 20 mm
chips or larger, gaps of less than 50µm,
a bump pitch of less than 150µm, and
thousands of bumps. In order to underfill
these packages without voiding, factors
other than fluidity, such as the characteristics of the substrate and chip, and the
dispensing conditions must be taken into
account.
Current Issues for Underfill Materials
A number of challenges are of concern such as advance copper pillar, larger
chip sizes, narrow pitch/gap, and 7nm
technology. NAMICS engineers have
developed cutting-edge products that
meet the current challenges.
OTHER TYPES OF UNDERFILL
MATERIALS
Pre-applied Underfill Materials
Next-generation pre-applied underfills are continuing to be developed to
meet next-generation needs. Reflowable underfill is the most promising in
development among pre-applied materials because of their cost effectiveness.
The characteristics of these underfills
are that they contain flux and cure after
solder reflow which ensures connectivity.
NAMICS’ current pre-applied underfill
products are NCF (Non-Conductive
Film) and NCP (Non-Conductive Paste).
Secondary Underfill Materials
Secondary underfill is used for
mechanical reinforcement of CSPs and
BGAs which are mounted on a substrate.
The underfill prevents failure due to
dropping or repeated button pressing.
The features required for secondary
underfill for mechanical reinforcement
are: low temperature quick cure and
reworkability.
A low temperature cure is necessary since some of the parts mounted
on the substrates are vulnerable to high
temperature exposure. The quick cure is
necessary to enhance productivity.
Reworkability is also desired but
meptec.org

there is a trade-off between reliability
and reworkability. Non-filler type underfills are usually used for this application,
but filler containing underfill is occasionally used when higher reliability is
required.
ADVANCED NAMICS TECHNOLOGIES

NAMICS GLOBAL NETWORK
Offices
NAMICS Corporation
3993 Nigorikawa, Kita-ku
Niigata City, Niigata Prefecture
950-3131 Japan
+81-25-258-5577
e-mail: info_1@namics.co.jp
NAMICS Technologies Inc.
San Jose, CA USA
+1-408-516-4611
e-mail: sales@namics-usa.com
NAMICS Technologies Inc.
Wappingers Falls, NY USA
+1-845-298-3276
e-mail: ruscigno@namics-usa.com

NAMICS ADFLEMA.
NAMICS is continuing to develop
and market products to meet customers’ ever-changing needs. ADFLEMA
(ADvanced FLExible MAterial) is a
family of thermally cured thin adhesive
films. These films are applicable for high
frequency, thinner and smaller components used in semiconductors and passive
components.
IMAGE SENSOR PRODUCTS
NAMICS has a full line of ISP products for CMOS image sensor camera
modules. NAMICS’ latest sintered silver
adhesive has very high thermal conductivity without the need for pressure
during cure. It utilizes the proprietary
Metallo-Organic (MO) technology which
produces a fully sintered bond line.
CONCLUSIONS
The use of underfill for flip chips
and reinforcement materials for CSP/
BGA has been rapidly increasing and
further growth is expected. In addition,
these materials can be expected to grow
in terms of market share and technology
development because applications and
reliability requirements have become
more diversified.
NAMICS works closely with raw
material suppliers to obtain the optimal
ingredients in order to develop and
manufacture products to meet and exceed
customer’s current and future requirements. ◆
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Heterogeneous Integration and Scaling
for Improved Performance
Adeel Ahmad Bajwa and Subramanian S. Iyer
Center for Heterogeneous Integration and Performance Scaling (CHIPS), UCLA

SILICON FEATURES HAVE BEEN
scaled (2000X) aggressively over a
period of five decades allowing us to
integrate more functions on a single chip
leading to a vibrant System-on-Chip
(SoC) approach. In comparison, the features on chip packages and printed circuit
boards have scaled only modestly by a
factor of five. Currently, packaging and
system level integration schemes such as
package-on-package (Pop), interposer,
3-D stacking focus on improving the
form factor and component performance.
This comes at fairly high design and process complexity and associated manufacturing costs. At UCLA, we are developing a fine pitch heterogeneous integration
scheme based on a Si interconnect fabric
(Si-IF), which allows small (4 – 25 mm2)
dielets to be attached using solderless
metal-metal thermal compression bonding at fine (≤ 10 µm) interconnect pitches
and small (≤ 100 µm) inter-dielet spacings. We argue that combined reduction
of dielet interconnect pitch, inter-dielet
spacing and trace pitch will enable a
Moore’s law for packaging.
System-Level Integration Using
Conventional Packages
The SoC approach has led to integration of more functions into a single chip
and thus reduced the number of chips
used in a system. However, a single chip,
no matter how much one is able to put on
it, does not constitute an entire system.
For building a complete system, multiple
chips (processors, memory chips, field
programmable gate arrays (FPGAs),
transceivers, power regulators and so
on) need to be interconnected. Traditionally, it has been achieved using a printed
circuit board (PCB). Typically, a system
consists of several such PCBs, which are
interconnected though mother boards or a
18 MEPTEC REPORT SPRING 2017
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Figure 1. Anatomy of an organic package.

backplane using mechanical connectors.
The chips are packaged before mounting on the packaging laminate, which is
then attached to a board in number of
ways including ball grid arrays (BGA)
and land grid arrays (LGA). This is
sometimes called as second-level package. After fabrication, the dielets are
first tested at the wafer-level followed
by dicing and ultimately attached to the
package. Figure 1 shows the anatomy of
a die attached to a laminate and further
attached to a board. Here, chip-to-package interconnections are realized though
C4 bumps [1] in a flip chip fashion [2].
The alternative way of mounting a
chip face up on the package is by using a
soldered contact for mechanical anchoring and heat dissipation, while, electrical connections are realized using wire
bonds. The packaged chip is often called
as a module and it performs several key
functions.
• The singulated die is considered fragile
and often it is quiet small. The package
allows for ease of handling and prevents
mechanical damage. Interconnects (C4
bumps or BGA bumps) are typically surrounded by an underfill material, which
provides additional mechanical strength.
• It allows the die-to-die connection
through the printed circuit board. Essen-

tially, it acts like a space transformer,
where signals are carried from the fat
wire levels (Pitch: 2 – 10 µm) of the
chips and are fanned out through C4
bumps (Pitch: 150 µm) to the package.
The package further spreads them to the
board using ball grid array (BGA) type
interconnects (Pitch: 500 µm).
• Besides signals, the power is also
delivered to the chip through package
possibly in multiple voltage domains.
• In case of moderate (20 W)-to-high (>
50 W) power chips, a heat spreader and
a heat sink can be mounted on top of
the chip using a mechanically compliant
thermal interface material [3].
• Compared to wafer-level, a package
allows chips to be tested more thoroughly over a wide range of testing
conditions (temperature). The testing is
accomplished at high speed and as close
to the mission mode as possible with
excellent margins guaranteeing the full
functionality.
However, there are some drawbacks.
A package consists of a large number
of disparate materials with significantly
different material properties such as
coefficients of thermal expansion (CTE),
Young’s modulus etc. Under cyclic loading, this causes enormous thermomechanical stresses on the chips and warpmeptec.org

age of the package occurs due to CTE
mismatch, which leads to the so-called
chip-package interactions [4]. The consequences are the cracking of low-k material, which have lower structural integrity,
pulling out of metal structures and etc.
This poses huge reliability concerns for
long term operation of the package.
The second drawback of the package is indirect. The chip connections
to the rest of the system through package is very inefficient. For example,
the contacted gate pitches in the 14 nm
technology are about 50-70 nm period
through a hierarchical wiring system the
pitch is increased step-by-step until the
top most “fat wire” levels where pitch is
a few microns. The flip chip connections
(C4 bumps) then increase this pitch to
150 µm and finally BGA connections to
the board take this further to a fraction
of millimeter. Trace pitches on a typical
board are between 30 µm and 100 µm
and it may require several levels of wiring to ensure wirability. The traces may
terminate in either a mechanical connector or at another chip, where the connections are fanned-in through progressive
space transformation in reverse. The fanout and fan-in process has important consequences in chip design. These dimensions on the board level have not scaled
appreciably in the last few decades. The
large bump pitches limit the number of I/
Os that can escape a chip. Typically these
I/Os are arranged near the chip edge
closest to the chip they are trying to communicate with. For example, a typical
microprocessor chip, may have 10,000
pumps of which barely 1,000 are allocated to I/Os and the rest are power and
ground. Since, the bump pitch and the
length of chip edge limit number of I/Os,
Chip designers have come up with many
ways of boosting the bandwidth (BW) of
the chip. The classic way of doing it is to
serialize, transmit and then desacralize
the signals [5]. This scheme is shown in
figure 2.
With increasing demand on BW
between the chips and inability to

Serialzer

Board
channel

Deserialzer

Figure 2. Classic way of serialize, transmit
and then desacralize the signals on board.
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Figure 3. Exponential increase in power as a function of data rate (adapted from [4] and [5]).
Node b is smaller than node a.

increase the number of physical connections, the serial links need to operate
individually at higher and higher data
rates. Consequently, signals are transmitted on the board traces at higher
frequency which results in larger noise
levels and cross talk between adjacent
channels. Two important consequences
of this trend are:
• The power to transmit higher frequency signal though SerDes goes up
exponentially with data rate as shown in
figure 3 [6].
• The SerDes circuits themselves
become more and more complex to
design and take up more area.
In addition to bandwidth, the boardlevel latency is equally important for
system performance. While SerDes
address the problem of BW and data rate
with expenditure of chip area and power,
the raw time to transmit and receive
data (latency) is ultimately related to
various delay components on the data
path, including the length of data path
as well as the time to process data at the
transmitter and receiver and is a limiting factor in system performance. It is
equally important to reduce latency while
increasing the BW. On transmission
lines, the data travels at speeds approaching speed of light. However, SerDes
process as well as other address decode
operations all add to latency.
Approaches for System Scaling and
Heterogeneous Integration
To address the scaling issues in
conventional packages, one must take a
holistic approach to the system scaling.
Figure 4 shows minimum silicon feature
scaling with time and compares it pack		
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Package scaling

100
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Silicon scaling
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1980

1990 2000
Year
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Figure 4. Relative scaling over time for
silicon and packaging features.

age and board level scaling. Clearly,
Silicon has been scaled by a factor of
2000X in comparison with packages and
boards, which are merely scaled by a factor of 5. To achieve holistic scaling, it is
essential to reduce the overall footprint
of the system. We will present a systematic approach to do so. Although some
of these transformations are underway
already, but the pace needs to be accelerated considerably.
Interposers and 3D Stacking
In the previous section we pointed
out the drawbacks of a conventional
package based architecture. One possible way to circumvent these hurdles
is to completely eliminate the package
and directly bonding the bare dielets
to an interconnect fabric which will
significantly reduce the overall system
footprint. The first steps in this directions
have been taken with silicon interposers.
The interposer provides a silicon-based
layer on which a few dies can be integrated. The interposers have demonstrated tight interconnections (Pitch: 40 µm)
between dies, heterogeneous integration,
power management and distribution as
well as the possibility of going to smaller
SPRING 2017 MEPTEC REPORT 19
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Figure 7a. Example of heterogeneous integration of analog and mixed signal SiGe
transceiver chips and an ASIC processor on
a Si-interposer and finally on a ceramic.

Figure 5. Schematic of a packaged multiple-die 3-D stack with an interposer and top mounted
heat sink.

dies. However, this has resulted in with
even more process complexity and with
an extra level to the overall package as
shown in figure 5 leading to increased
costs.
The concept of stacking dies is not
novel, package-on-package technologies has been practiced quiet efficiently
[7]
. The die stacking is a very efficient
way of reducing the die footprint. In
addition, interposer technology may be
considered as a subset of 3-D integration
where bottom die is larger and supports
multiple top dies. Typically, interpose is
passive and there are no active devices.
Several innovations such as TSVs, high
aspect ratio bottom up plating, thin wafer
handling, fine pitch (40 µm) assembly
techniques etc. have played a key role in
making this technology possible. So far
there has been two classes of applications
for 3D integration.
Memory Stacking
The memory power accounts for one
third of the system power and much of
it is the signaling power. Moreover, as
computations become more data centric, memory activity is expected to rise
and this fraction will only increase as
more number of memory dies need to
be integrated. Consequently, size, power
and cost of the system will increase.
Memory manufactures have taken three
main approaches to address this problem
i.e. simple memory die stacking, hybrid
memory cube (HMC) [8], high bandwidth
memory (HBM) [9]. The HMC and HBM
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Figure 6a. HMC chip stack showing the
lower logic die with four stacked memory
die. Courtesy Micron Technology and GF.

Figure 7b. Thermal profiles of the interposer product is shown. Most of active power
is dissipated in the high-speed links at the
periphery of die.

Figure 6b. Interposer application with
stacked four HBM die and an AMD processor. Courtesy AMD.

chips are optimized for density, power,
and data bandwidth for main memories.
All three of these approach have commercial applications. The simply stacked
DRAM is used in mid-range servers in
data center, HMC for high-performance
computing and HBM recently made
its debut in graphics processor used in
gaming systems. Figure 6a and 6b show
HMC stack and an HBM stack respectively.
Heterogeneous Integration
In this approach, dielets of different
fabrication technology nodes and semiconductor base (Si, SiGe, GaN etc.) are
mounted on a common substrate such

as silicon interposer. An example of
heterogeneous integration of two SiGe
transceiver chips (90 nm technology) and
an ASiC processer chip (45 nm technology) is given in figure 7a. The chips
were fabricated with optimized processes
separately in different fabrication facilities and mounted on a Si interposer. This
integration could not have been possible
in a monolithic technology as processes
are incompatible. The Si-interposer
implementation allows for seamless
integration with an inter-die BW which
exceeds 2 Tb/s. Figure 7b shows that
most of the heat is generated by the highspeed connections between the dies. The
3D stacking is a complex design process
which includes power and signal integrity considerations along with electrical
and thermomechanical co-design strategies [10].
Fan-Out Wafer Level Packaging
The fan-out wafer level packaging
(FO-WLP) technology has got signifimeptec.org

cant attention due to its heterogeneous
integration capability, small form factor
and total reduced cost [11]. The fan-out
technology eliminates the wafer bumping, fluxing, flip chip assembly, cleaning, underfill dispensing and curing. It
can achieve fine-line-fine-space, small
via capability, which means that it can
accommodate more I/Os and thus better
electrical performance for wide range of
applications, such as networking, smartphone, tablet etc. There are two categories of FO-WLP processes: one is traditional wafer-like process and the other is
substrate (PCB)-like process called panel
FO-WLP. However, this technology is
still facing challenges in terms of wafer
warpage, die shift and protrusion and
board level reliability etc.
Silicon Interconnect Fabric
Though, interposers and 3-D stacking allow heterogeneous integration
and can significantly reduce the overall
system footprint but this comes at fairly
high design and process complexity and
furthermore, they do not completely
get rid of the conventional package and
board. At the Center of Heterogeneous
Integration and Performance Scaling
(CHIPS), UCLA, we have proposed a
heterogeneous integration scheme, which
completely eliminates the use of conventional package/board. We have developed
a silicon based substrate called the “Silicon Interconnect Fabric (Si-IF)”, which
allows us to interconnect dies at fine
pitches using direct metal-metal thermal
compression bonding. The Si-IF is fabricated using conventional Si-based BEOL
processing with up to four levels of conventional Cu-damascene interconnects
with wire pitches in the range of 1 – 10
μm and is terminated with Cu pillars of
2 – 5 μm height & diameter also using a
damascene process. The Si-IF replaces
both the packaging laminate and the
PCB used in the conventional packaging schemes and provides following key
advantages:
• Enables fine pitch traces (1 – 5 μm)
and fine pitch interconnects (2 – 10 μm).
• Integrates individual dielet fabrication
technology node or semiconductor base
i.e. Si, SiC, GaN etc.
• Accommodates dielets of various sizes
(Edge length: 1 – 5 mm) and thickness
(50 – 750 μm).
meptec.org

and subscribing to a somewhat universal
protocol. We already have demonstrate
heterogeneous integration of dielets on
Si-IF using solderless direct metal-metal
thermal compression bonding at fine
interconnection pitch (≤ 10 µm) and
small inter-dielet spacing (≤ 100 µm). ◆

Figure 8. Schematic of a Si-IF.

• Enables both built-in passive and
active components.
• Exhibits rigidity and mechanical
robustness.
• Minimizes global thermomechanical
mismatch between chips and substrate.
• Provides good heat dissipation as silicon has good thermal conductivity
A schematic of a Si-IF with mounted
dielets is shown in figure 8.
We have recently demonstrated a
solderless direct metal-to-metal (Aucapped copper) low pressure (< 70 MPa)
and low temperature (< 250˚C) thermal
compression bonding (TCB) technique.
Dielets (4 – 25 mm2 area) were attached
to a rigid Si-IF with up to two levels
of wiring (2 – 10 μm pitch) and at an
interconnection pitch of ≤ 10 μm with
an inter-dielet spacing of ≤ 100 μm.
Interconnects have exhibited an effective
specific contact resistance of < 1 Ω-μm2
and shear strength of > 20 MPa [12].
Conclusion
Packaging is no longer a way to
protect dies but rather a way to interconnect them. An integration scheme which
allows reduction of dielet interconnect
pitch, inter-dielet spacing and trace pitch
will not only enable a Moore’s law for
packaging but also improves the overall system performance through higher
bandwidth, with lower latency, and at
lower power. We have taken the first
steps in interposer technology & 3-D
stacking where assemblies have demonstrated these very attributes. From a
technology perspective, several challenges still remain: thin die handling,
fine pitch interconnect, and die-warpage
induced assembly issues. The adoption
of silicon processing in packaging is
another key development that will enable
this transformation. We have proposed
a scheme based on a silicon interconnect fabric (Si-IF) that will allow us to
integrate a heterogeneous collection of
dies, manufactured in different processes,
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Your Microelectronic
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for MEMS Sensors

Environmental Test Strategies for
MEMS Sensors Product Development
William Boyce
SMART Microsystems Ltd.

NEW APPLICATION OPPORTUNITIES
for MEMS sensors continue to grow in
2017 with predicted double digit compound average growth rates (CAGR) over
the next 3 years. Key market segments
such as mobile, automotive, networking,
high power computing (HPC), and the
Internet of Things (IoT) are continuing to
drive miniaturization, improved integration, superior performance, lower cost,
and increased reliability. In such a fastpaced market, it is important to develop
new products quickly and efficiently
while minimizing costs. Well thought
out environmental test plans can help
streamline product development while
being very cost effective. As a result,
knowing how to implement a successful
environmental life test strategy is critical
to product development success.
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Developing an effective environmental life test plan is one of the challenges
seen in new product design. Some customers may not “require” environmental
testing, but many customers will and may
want to see the corresponding test data
and results. Regardless of customer obligations, almost all new product designers
have an internal minimum requirement
for demonstrated environmental test
endurance. Each of these environmental
life test plans should be viewed with a
“top down” approach. Looking at the
top-most assembly level environmental
endurance requirements first then flowing
that requirement down to the lowest component level.
Environmental testing strategy begins
with determining what specific testing
is required. It could be high intensity

ultraviolet testing (to simulate exposure
to sunlight), or it could be a humidity
test, heat test, thermal shock test, thermal
cycle test, etc. As an example, automotive
applications undoubtedly require a thermal cycle test. This test is typically in the
range of -40˚C to +125˚C with 30 minute
dwell for 3000 cycles. It is important to
establish these requirements up front.
They will help determine the longest
lead time requirements so that the test
plan can be populated. This will also aid
in the product development cycle if the
“test early, test often” approach [1] is used.
No environmental test is valid unless
an established output from that test can
be accurately and precisely measured. If
the output of a test cannot be measured,
or it is not quantified, it serves no value [2].
The output of an environmental test is
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“Test Early Test Often”

The Test Early, Test Often Strategy Applied to the Product Development Cycle
typically a function test of the part or
device. It can also be a physical measurement to determine if the part has changed
dimension (which is often done after a
humidity test), or it may require that the
part be disassembled and examined for
signs of damage after testing is complete.
Sometimes it is necessary to continuously
power and monitor the output of the part
during test to determine if there is an
output shift as a result of certain test conditions. In some cases it is necessary to
derive more than one output from a test,
like a dimension and electrical output.
Regardless of the test parameters, all testing must have a measurable output.
The next step in creating an effective
test plan is to determine how many parts
to test, the sequence of the testing, and
duration of each test. During this step,
the test plan matrix is filled out. The
quantity of parts to be tested is governed
by the need for output data. (It is important to understand that this is not a statistical test. Since the results are pass/fail,
it is not necessary to test a statistically
significant sample size - like 32 parts.)
In most cases 5 parts will be more than
adequate to collect meaningful data.
If it is not called out in a customer
requirement, the testing sequence will
require some planning. Depending on
the application, some of the tests may
need to be placed in sequence. The same
group of 5 parts may go form one test
directly to another to simulate a specific
environmental condition. For example,
a single group of parts may go from UV
test directly to humidity or heat soak to
simulate a humid island environment.
Once the sequence of tests is known,
the duration of each test must be determined. In most cases the test is complete
at a pre-determined time or interval.
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However, in some cases, the customer
may request one interval, but the design
group holds the product to a higher standard and may decide to extend the test
length. In other cases, it may be necessary to run a test, collect the data at the
determined “end of test” point, and then
continue to run the test until the product
fails. This can help determine the theoretical end of life under a given condition.
In any case, it is important to have a well
thought out test plan at the beginning of
the new product development cycle.
Once the specific tests, duration,
quantity, sequence, and outputs are determined, the test plan can begin to take
shape. The table shown on the previous
page is an example of a typical test plan
that includes some of the variables discussed. It is easy to see that the heat soak
and cold soak tests become gaiting items
due to the extended time requirements.
The test plan must meet all of the product
durability requirements while considering the time constraints. When creating
the test plan it is also wise to consider a
contingency plan in the event that there is
a failure during test.
In addition to a well thought out and
properly documented test plan there are
some other things to consider during
product development. The “test early, test
often” strategy can be used to check basic
design and process assumptions. This is
the strategy of conducting specifically
targeted early environmental testing on
selected subassemblies, components, or
complete devices as early as possible in
the design cycle. This allows the design
team to gain an understanding of the
design strengths and weaknesses before
the design is frozen and the final test plan
is executed.
An environmental test strategy for

new product development of MEMS
sensors should considered carefully. A
well thought out test plan that includes
a top-down approach, lead times and
contingencies, measurable outputs, and a
defined quantity of parts for analysis can
be very cost effective. Integrating this test
plans into a “test early, test often” strategy can further streamline early learning
and ensure that objectives are met. New
product development for MEMS sensors
is very challenging and the proper strategy for environmental testing can get your
product to market with the lowest overall
development time and cost. ◆
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his background in automotive sensing.
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State-of-the-Art Technology Briefs
A special feature courtesy of Binghamton University
We are pleased to include this new feature
to the MEPTEC Report, brought to us by
new Advisory Board member Dr. Gamal
Rafai-Ahmed from Xilinx. The State-ofthe-Art Technology Briefs contains articles from the Binghamton University S3IP
“Flashes.” Full text is available upon
request through the IEEC Site at: http://
www.binghamton.edu/s3ip/index.html.

Optomec has developed a new micron
scale, free form, additive manufacturing
process called “Aerosol Jet Technology.”
The technology uses local deposition and
curing of 3D polymers, resulting in lower
costs and size. The printing can produce
features down to 10 microns and aspect
ratios of 100:1. The process is adaptable
to printing on a large range of products
including embedded electronics, semiconductor chips and medical devices.
(IEEC file #9601, Printed Electronics
World, 8/16/16)

The National Institute of Advanced
Industrial Science & Technology and
the Japanese Ministry are jointly developing a new conductive polyethyleneterephthalate (PET) film. This process is
meptec.org

known as “SuPR-NaP” (Surface PhotoReactive Nanometal Printing) and has
the advantage that it can be processed
with normal temperatures and pressures. The film forms ultrafine wiring
0.8 micron wide manufactured from a
transparent flexible PET substrate with
silver nanoparticle ink to form. This film
is used primarily in touch panel sensors
but is adaptable to many other related
applications including wearable products.
(IEEC file #9602, Electronic Products,
8/22/16
Carnegie Mellon University researchers are developing edible batteries that
could be used to powering ingestible,
degradable devices for medical diagnosis
and treatment. They are using non-toxic
melanin pigments for the battery, but are
also exploring other biomaterials such as
pectin in their designs. The immediate
intended application is for drug delivery, especially those uses which require
repeat ingestions. (IEEC file #9604,
American Chemical Society, 8/23/16)
Lawrence Livermore National Laboratory researchers have developed a new
“4D” dimension for additive manufacturing. These novel structures are created
using 3D printing and reshape their form
under the stimulus of heat or electricity.
For this end the researchers developed a
polymer ink made from soybean oil, copolymers and carbon nanofibers, that are
sensitive to environmental changes. One
example of the prototypes developed was
a medical stent that would expand when
exposed to heat. Applications are myriad
including solar arrays, flexible circuits,
and medical devices. (IEEC file #9605,
SMT News, 8/23/16)
Many of future wearable technologies
will need the development on use of flexible/stretchy power sources. As part of
the solution, researchers from Nanyang
Technological University (NTU) have
produced a stretchy micro-supercapacitor
using ribbons of graphene. As part of
		

the process, NTU developed kirigami
structures to make the supercapacitors
five-fold more flexible without reducing
performance characteristics. (IEEC file
#9615, Science Daily, 8/23/16)
Hong Kong University of Science &
Technology researchers along with collaboration with the University of California, and Sandia National Laboratories,
and Harvard University, and have developed a technique that allows the fabrication of microscopic lasers on silicon
substrates. This has potential to increase
performance and power reduction of
next generation processors. They accomplished this by integration subwavelength
cavities onto the silicon substrates.
Future applications include on-chip optical communications, and data processing.
(IEEC file #9606, SMT News, 8/23/16)

Korea Advanced Institute of Science
and Technology (KAIST) has developed
a roll-to-roll processing technology that
can allows LSI circuits to be simultaneous transferred and interconnected on
flexible plastic substrates. The interconnections are accomplished using anisotropic conductive film. The team demonstrated this concept utilizing NAND
flash memories on silicon wafers. This
roll-based technology has applications in
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produce flexible processors, high-density
memories, and high-speed communication devices. (IEEC file #9617, Solid
State Technology, 8/29/16)

University of the West of England scientists have developed “Smart Bricks”
which can both generate electricity and
recycle wastewater. The bricks contain
microbial fuel cells (MFCs) which can
generate electricity, clean water, and
reclaim phosphate. In application they
would be integrated together to form
“bioreactor walls” and then incorporated
into building construction. By sensing
the surroundings, these wall of smart
bricks will be able to react to the environmental and energy needs of occupants
of the buildings. (IEEC file #9609, UWE
Bristol, 7/27/16)
Columbia University researchers leading a team of other select universities
and Brookhaven National Lab, have
discovered a new phase-transition optical
material, samarium nickelate (SmNiO3),
that dynamically controls light in wavelength range and amplitude tuning much
more effectively over current methods.
This technology could be incorporated
to many emerging applications such as
‘smart windows’ (dynamic control of
sunlight), variable thermal emissivity
coatings, optical modulators, and optical memory devices. (IEEC file #9610,
Columbia University, 8/30/16)

University of California engineers have
created a magnetic ink with neodymium
microparticles that can be used to selfheal electronics. The defined concept
shows that when the printed electronic
ink is applied to a fabric, and the mate26 MEPTEC REPORT SPRING 2017

rial rips, the magnetic charged particles
are attracted to each side and pull tears
as large as 3mm together. Applications
for this self-healing ink include: electrochemical sensors, wearable electronics,
and batteries. (IEEC file #9719, New
Atlas, 11/2/16)
University of Surrey researchers are
developing a new class of organic
semiconductors that can be dissolved in
solvents and then can be spray-printed
at room temperature on most standard
substrates. This ultimately can result
in much lower cost printed electronics.
The key aspect of the technology is in
combining antisolvent crystallization and
solution shearing. Applications that can
show large cost benefits in production
of field effect transistors, LEDs, medical x-ray detectors and miniature lasers.
(IEEC file #9742, ECN, 11/21/16)
MARKET
TRENDS
MARKET
TRENDS
The IoT sensor market is expected to
reach $38.41 Billion by 2022, growing
at a CAGR of 42.08% between 2016
and 2022. Drivers for this market are
increased demands for wearable electronics, smart sensors, and intelligent appliances. The major market share is held by
pressure sensors which are experiencing
increased applications in a multitude
products including industrial automation
and healthcare both of which requires
accurate performance tracking. (IEEC file
#9612, Sensors Weekly, 8/17/16)
The roll-to-roll printing market for
flexible devices is expected to grow
from $16.31 Billion to $35.79 Billion
at a CAGR of 11.04% between 2015
and 2022. Flexible electronics remains
the current leader in the market with
increasing demand in all sectors of electronics. Inkjet printing will be highest
rate contributor over these years. North
America led by the United States has the
largest share of this market. (IEEC file
#9613, Sensors Weekly, 8/18/16)
The MEMS sensor revenue declined by
3.4% in 2015 with slow growth expected
to start from 2017. While microphones
and other MEMS categories grew, other
categories declined, most notably, motion
sensors, there are new and growing

opportunities, including the following:
virtual-reality headsets using motion
sensors, Drones that use motion sensors,
home environmental monitoring, using
gas, humidity and temperature sensors,
and E-cigarettes, using flow sensors. The
3 top suppliers are: STMicroelectronics,
Knowles, and InvenSense. (IEEC file
#9614, Solid State Technology, 8/12/16)
The Photonics market is estimated to
reach $724.22 Billion by 2021, with a
CAGR of 8.4% between 2016 and 2021.
The largest segment is in information and
communication which includes applications includes fiber optics transmission
and data storage. The largest geographical growth is in the Asian pacific. Key
companies in this market include: Royal
Phillips, Schott AG, Nikon, and Corning.
(IEEC file #9680, Sensors, 9/29/16)
The global pet wearables market is
estimated to rise from $1.0 Billion in
2016 to $2.5 Billion by 2024 at CAGR
of 12.0%. The largest segment of the
market is in GPS based sensors that use
in their products. The primary application functions are for tracking and identification. North America and Europe
dominate the market with over 75% of
the sales. (IEEC file #9681, Sensors,
9/29/16)
The global market for cyber security
services will reach $167.7 Billion from
2016 to 2022 with a CAGR of 22.6%
over this period. Recent cyber-attacks in
both commercial banking and healthcare
are the primary drivers for this rapid rise.
The emphasis for this cost is to develop
robust security consistency. Some of the
key players in this industry are: Argus
Cyber Security; BAE Systems; Cato
Networks; and Cisco Systems. (IEEC file
#9711, Military & Aerospace Electronics,
10/20/16)
RECENT
PATENTS
RECENT
PATENTS
Lateral Bipolar Transistor (Assignee:
IBM Corp.) Patent No. – 14/602,799- A
bipolar junction transistor comprises
a semiconductor layer disposed on an
insulating material, at least a portion of
the semiconductor layer forming a base
region. The bipolar junction transistor
further comprises a transistor emitter
meptec.org
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laterally disposed on a first side of the
base region, where in the transistor emitter is a first doping type and has a first
width, and wherein the first width is a
lithographic feature size. The bipolar
junction transistor further comprises a
transistor collector laterally disposed on
a second side of the base region, wherein
the transistor collector is the first doping
type and the first width.
Integrated circuit film and method for
manipulating (Assignee: Mxtran Inc.)
Patent No. – 9,418,254- An integrated
circuit film comprising a circuit board
and a control circuit is provided. The circuit board has an IC-installation part and
a contact part and having a first surface
and a second surface opposite to the first.
The contact part comprises a first set of
pads and a second set of pads. The first
set of pads are located on the first surface
for communicating with an electrical
communication device. The second set
of pads are located on the second surface
for communicating with a smart card.
Partially depopulated interconnection arrays for packaged devices
(Assignee: Lattice Semiconductor) Patent
No. – 15/140779- In one embodiment,
a ball grid array (BGA) of a packaged
semiconductor device and a correspond-

ing landing pad array of a printed circuit
board each have a layout defined by an
interconnection array having (i) an inner
sub-array of locations having connectors
arranged in rows and columns separated
by a specified pitch and (ii) an outer
rectangular ring of locations having connectors arranged in rows and columns
separated by the specified pitch.
Cobalt silicidation process for substrates w/ silicon-germanium layer
(Assignee: Taiwan Semiconductor)
Patent No. – 11/714416- A method comprises providing a semiconductor alloy
layer on a substrate, forming a gate structure on the semiconductor alloy layer,
forming source and drain regions in the
semiconductor substrate on both sides
of the gate structure, removing at least a
portion of the semiconductor alloy layer
overlying the source and drain regions.
Semiconductor devices with a thermally conductive layer (Assignee:
Freescale Semiconductor) Patent
No.– 15/173487 –An embodiment of a
semiconductor device includes a semiconductor substrate that includes a host
substrate and an upper surface, an active
area, a substrate opening in the semiconductor substrate that is partially defined
by a recessed surface, and a thermally

conductive layer disposed over the semiconductor substrate that extends between
the recessed surface and a portion of the
semiconductor substrate within the active
area.
Photonic integrated circuit chip packaging (Assignee: Coriant Advanced
Technology) Patent No.– 14/867513- A
localized hermetic sealing of a photonic
integrated circuit component chip mounted in a photonic integrated circuit device
chip to protect a chip-to-chip interface
from contamination, thereby enhancing
functionality and reliability. A covering
lid mounted on or over the component
chip is hermetically sealed to the device
chip surrounding the component chip
forming a localized hermetically sealed
area.
BINGHAMTON UNIVERSITY
currently has research thrusts in healthcare/medical electronics; 2.5D/3D packaging; power electronics; cybersecure
hw/sw systems; photonics; MEMS; and
next generation networks, computers and
communications. The State-of-the-Art
Technical Briefs contains articles in these
areas published from the Binghamton
University S3IP “Flashes.” Full text is
available upon request through the IEEC
Site at www.binghamton.edu/s3ip. ◆
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Customizable Silicone Materials for
Advanced MEMS Performance
Raj Peddi and Dr. Wei Yao
Henkel Adhesive Electronics

THE APPLICATION OF MICROelectromechanical systems (MEMS) in
today’s electronics products – from handheld to medical to automotive devices – is
enabling unprecedented functionality. In
smartphones, the ability to scroll faster,
talk on microphones with noise canceling
capability and leverage location navigation
via position sensors is all based on MEMS
technology – and this barely scratches
the surface of the wealth of applications
associated with MEMS. Overall, consumer
mobile applications are driving more than
50% of the total volume for MEMS. In
fact, MEMS microphones alone are forecast to grow at a compound annual growth
rate (CAGR) of greater than 11% between
2015 and 2019, according to research firm
IHS Inc.
Automotive integration
of MEMS is also in
the fast lane. Pressure sensors, speed
sensors, air flow
sensors, magnetometers, and accelerometers – all are based on MEMS and are
critical elements to proper automobile function and efficiency. And, while handhelds,
automotive and even medical devices are
similar in their requirement for MEMS
and sensor capability, the application and
design considerations are vastly different. For handheld devices, space is at a
premium and dictates exceptionally small
dimensions with MEMS devices that contain thin, fragile features. With automotive
MEMS devices and other sensor technologies, sensitivity level and high temperature
compatibility are key considerations.
Because of the variations in device
function and manufacturing considerations,
selecting the proper materials is critical for
end use reliability and performance. With
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handheld MEMS
devices, the
ability to
control die
stress is essential. If too much force is applied during
die bonding, the die can crack. When the
bonding adhesive’s modulus is high, the die
may bend due to stress and this deformation can cause the moving components of
the MEMS device to go out of calibration,
compromising its performance. In the case
of automotive sensors, the response sensitivity of the sensor is key to control of its
function. When material properties change
over time and experience shrinkage, for
example, the calibration can be altered and
the device output may be sub-standard. If
the package planarity is slightly off, performance of the MEMS device may suffer.
For critical applications such as air bag
deployment or braking systems, inferior
calibration could be catastrophic. Temperature stability of the die attach material is
also vital; both to withstand the heat generated by die function and the environmental
temperatures to which the device may ultimately be subjected.
Tackling these demands,
Henkel has developed a customizable
silicone platform
that allows for modification of key properties such as rheology,
modulus and color, with a wide process
window during material application such
as dispensing and cure. The formulation
innovation of the Loctite® Ablestik® ABP
SIL series of die attach materials takes into
consideration the varying properties that
are necessary for a particular application
and allows for their modification to help
ensure better performance and long-term

reliability. The modulus range of Henkel’s
new silicone platform can be customized
from 0.1 to 200 MPa, delivering the ability
to optimize stress control and response sensitivity across various die thicknesses and
dimensions. In addition, the moduli and
expansion coefficients of these products are
stable and predictable across a wide temperature range. Henkel’s Loctite Ablestik
ABP SIL materials have exceptional thermal stability, maintaining a low and stable
modulus from far below room temperature
to temperatures as high as 300°C. The
thixotropic properties – or the material’s
ability to hold its shape – can also be modified based on requirements. A thixotropic
index range of 1 to 10 has been successfully achieved with this new silicone system
and, for applications that require specific
colors to accommodate light transmittance
requirements, Loctite Ablestik ABP SIL
materials can be custom-formulated in a
range of colors.
As compared to conventional epoxybased materials, Henkel’s new silicone
platform provides numerous advantages,
delivering customizable properties to
ensure robust function and better long-term
reliability. As the use of MEMS applications proliferates both within specific end
products and across market sectors, the
need for modifiable materials platforms to
address unique performance requirements
will be immense. Henkel is leading the
market in this formulation approach with
its new Loctite ABP SIL series of materials
for advanced MEMS and sensor production.
For more information, visit www.
henkel-adheisves.com/electronics or call
+1-888-943-6535 in the Americas, +32
1457 5611 in Europe or +86 21 3898 4800
in Asia. ◆
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OPINION

IC Companies Should Thoroughly
Consider Trade Secret Protection
Kevin Roe, Intellectual Property Attorney
Law Offices of Kevin Roe

NEWLY IMPROVED IC PACKAGING
technology has recently become more
critical and more valuable. Just a few
examples include interconnection technology, such as via usage in various substrates, e.g. silicon, glass, metal; component stacking; and material development
to improve performance.
Patents have been the default choice
for protecting inventions for the last 35
years. The original rationale for filing a
patent application was that if the inventor ultimately gets their patent granted
and printed, and even if it taught their
invention to the entire world, the inventor would still at least get a time-limited,
government sanctioned monopoly to the
invention in the US under US patent law.
This would be the compensatory reward
for teaching the invention to all competitors around the world, so that other inventors could advance the field of technology
beyond the inventions disclosed in a published patent. But this choice of protection
made at least one very fatal assumption
- that the US patent, once granted, would
actually be legally enforceable in the US.
In the last three years of patent litigation
in particular, it has become brutally apparent how completely and fatally wrong this
assumption really is. Patents (especially
patents belonging to individuals and small
companies) are now viewed by virtually
all US federal courts as something to
totally crush and destroy, not enforce.
However, there is an alternative way to
protect inventions that should apply very
successfully to the IC packaging industry.
Trade secret law can be enforced in state
courts as well as federal courts, and trade
secrets in many cases offer many advantages, compared to published patents that
instantly teach an invention to every competitor in the entire world. Trade secrets
can be legally protected as long as they
are not widely known and give a busi30 MEPTEC REPORT SPRING 2017

ness advantage as long as the trade secret
owner and any business “partners” make
consistently strong efforts to maintain the
confidentiality of the trade secret. There
is no time limit to trade secret enforcement. And trade secrets can be defended
in courts around the world against deliberate trade secret theft, in contrast to the
requirement that a patent application be
filed and a patent expensively obtained in
each and every country where the inventor
wants to legally protect their invention by
a patent.
The biggest drawbacks to trade secrets
are that the reverse engineering or the
independent discovery of a trade secret are
legal and either of these events gives the
discoverer the right to implement the trade
secret. However, it is still possible to actually make reverse engineering of a trade
secret very difficult in many cases, and it
is also still possible that independent discovery of a trade secret may not actually
happen for many years. In fact, even IC
circuit designs have been successfully hidden from attempts at reverse engineering.
Examples of potential trade secrets in IC
packaging technology would be the chemical compositions of mold compounds or
the protective measures used to prevent
mold bleed on lead-frames.
The licensing of trade secrets is possible. And trade secrets also offer an
advantage over patents for the licensing
of inventions. The licensing of patents
has the drawback that since a patent is
published and can be read by competitors
around the world, patent infringement of
valuable patented inventions is far more
likely than infringement of a confidential
trade secret - that can only happen by
trade secret theft, independent discovery,
or reverse engineering. This reduced risk
of infringement of an invention that would
otherwise require expensive legal patent
litigation expense can make a trade secret

more practical and more desirable than a
patent to a potential licensee.
It is possible that a second entity may
ultimately discover a trade secret invention and file a patent application for it,
but if the original trade invention owner
can prove commercial use of the trade
secret invention before the date that the
second entity filed a patent application,
then any patent obtained by the second
entity can be invalidated on these legal
grounds as well as all the other available
legal grounds for patent invalidation. And
as a practical matter, if the trade secret
was well hidden by the original entity to
avoid detection or reverse engineering by
anyone else, infringement of a later patent
by the original entity may likely never be
asserted by the second entity.
The scope of inventions in the IC
technology world that can be protected as
trade secrets is quite large. Manufacturing
processes whose traces can be hidden or
erased are one obvious candidate for trade
secret protection. But even inventions
that at first sight appear to be impractical
candidates for trade secret protection, can,
with imagination and skill, be hidden and
legally maintained as trade secrets.
Especially now, in view of the extremely anti-patent bias of the US federal
courts, every IC company should very
seriously and deeply consider each new
IC invention for trade secret protection as
a far more dependable, and far less expensive, alternative to the filing of a patent
application. ◆
Kevin Roe is an Intellectual Property
Attorney, registered to litigate before the
US Court of Appeals for the Federal Circuit and the US Supreme Court. He can
be reached at kevin.roe@att.net.
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