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Caption: This month’s cover story author
Pawel Malinowski holds a test device used for
investigation of high resolution patterning of OLEDs.
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editorial

Five reasons to attend The ConFab, May 20-23

The ConFab 2018 Conference and Networking Event
will be held May 20-23 at The COSMOPOLITAN of Las
Vegas. Presented by Solid State Technology, the event
is designed exclusively for execs in the semiconductor
industry. The focus of this year’s event is the new wave
of growth that is sweeping through the semiconductor
industry, propelled by a vast array of new applications,
including artificial intelligence, virtual and augmented
reality, automotive, 5G, the IoT, cloud computing and
healthcare, among others.

Here are five reasons to attend.

1. The Presentations: You'll hear from IBM’s Rama

Divakarunion A.I, Google’s John Martinis on quantum

computing, GlobalFoundries’ George Gomba on EUV,
Nvidia’s John Hu on top industry drivers, HERE’s

Rajeev Rajan on driving autonomous, Qualcomm’s Bill

von Novack on wireless power in medical implants, and

Qorvo’s Howard Witham on the use of A.I. in semicon-
ductor manufacturing, to name a few.

2.ThePanels. Our panel on Heterogeneous Integration,
organized by ASE’s Bill Chen and Cisco’s Li Li will
feature great panelists: David McCann, VP Packaging
and Test, Dev. & Operations, GlobalFoundries; Xin
Whu, Vice President - Silicon Technology, Xilinx; Dr.
Meyya Meyyappan, Chief Scientist, NASA Ames
Research Center, Rozalia Beica, Global Director,
Dow DuPont and Bill Bottoms, Chairman, 3MTS.

For the first time, we’ll also have two late afternoon
panels, one focused on A.IL, led by BISTel’s Tom Ho
and another on trends in automotive electronics, led
by KLA-Tencor’s Rob Cappel.

3. Dynamic networking. A big part of The ConFab is
the networking. There are plenty of opportunities to
get together at breakfast, lunch and for evening recep-
tions. Wouldn't it be nice to get out and talk to old
friends and meet some new ones, and find out what
your peers are doing?

4. Strategic business meetings. We arrange strategic
meetings between interested parties throughout the
supply chain, focusing on bringing together IDMs,
foundries, OSATs and fabless companies with suppliers
of equipment and materials, components and services.

5. Las Vegas! The ConFab 2018 will take place at The
COSMOPOLITAN of Las Vegas, a swanky, modern,
upscale hotel in downtown Las Vegas with tons to offer.

The need for real collaboration has never been greater.
Come to The ConFab 2018 and make it happen!

Register now by contacting Sally Bixby at sbixby@exten-
sionmedia.com. Complimentary passes are available
to qualified VIPs. You can also check out The ConFab
website, www.theconfab.com. I hope to see you there!

—Pete Singer, Editor-in-Chief
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Connect with Industry Leaders

Don‘t let such a highly valuable industry conference of executives pass you by! Meet and hear from fantastic
speakers, connect and network with leading experts, analysts, decision-makers and influencers. Schedule
now May 20-23 for your must-attend at The ConFab 2018.

Agenda: How Al is Driving the New Semiconductor Era, Quantum Supremacy: Checking a Quantum
Computer with a Classical Supercomputer, Advances in Semiconductor Manufacturing, Deep Learning
IC Industry Driven by Al, Internet of Things, Autonomous Driving and Virtual Reality, Enabling a Startup
Ecosystem for Semiconductors, Al Potential in the Semiconductor Fab, Rise of the Technology Foundry,
Wireless Power in Medical Implants, EUV in High-Volume Manufacturing, Heterogeneous Integration,
Automotive Electronics, Emerging Tech Markets Fueling IC Growth, and more.

The ConFab 2018 connects key decision-makers, clients, colleagues, partners, suppliers and analysts
in conference sessions and multiple networking breakfasts, lunches, cocktail receptions and private
meetings. Don’t miss a valuable opportunity to meet face-to-face.

Presented by:

Solid State
TECHNOLOGY.

The ConFab 2018
Conference Chair

Solid State Technology
Editor-in-Chief, Pete Singer
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Web Exclusives

Insights from the Leading Edge:
IBM/DARPA IceCOOL program

As part of the DARPA ICECool program, seeking to develop
appropriate cooling technologies for 3D chip stacks, IBM
developed a new chip-embedded cooling approach, utilizing
a nonconductive fluid, doing away with the need for a barrier
between the chip electrical signals and the fluid.

https://bit.ly/2HpLQ6t

Al and MEMS sensors:
A critical pairing

How can consumer-product manufacturers tap the built-in
capabilities of MEMS inertial sensors -- which are already ubig-
uitous in end-user devices -- to make the most of AI?
https://bit.ly/2uWkrH5

Black swans unmasked and other
stories from my days in San Jose —

Further thoughts on 2018 SPIE AL
EUVL conference

Stochastics effects, which are random and local variables, were
in focus during the EUVL Conference this year.
https://bit.ly/2GMChS4

U.S. federal government R&D
spending for 2018 finalized

Although many months past due, Congress on March 23
finalized the federal spending for the remainder of fiscal year
(FY) 2018, only hours before a what would have been the third
government shutdown of the year. Congressional spending has
been allocated in fits and starts since the end of FY 2017 last
September, with patchwork deals keeping things running amid
pervasive uncertainty.

https://bit.ly/2H8B8nk
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What'’s next for smart speakers?
Smart microphones

What'’s behind the smart speakers? Even smarter
microphones. There are two different kinds of
tiny microphones in our smart devices, including
smartphones, smart home products and smart
speakers — capacitive and piezoelectric MEMS
(microelectro-mechanical systems) microphones.

https://bit.ly/2HcNOKO0

2018 SPIE Advanced Lithography -
EUVL Conference update

The 2018 SPIE Advanced Lithography meeting
was held from February 25 to March 1, 2018 in
San Jose, CA.

https://bit.ly/2EBY1u6

The ConFab 2018 announces
conference agenda and speakers

In the 2018 program, we will take a close look at
the new applications driving the semiconductor
industry, the technology that will be required at
the device and process level to meet new demands,
and the kind of strategic collaboration that will
be required. It is this combination of business,
technology and social interactions that make the
conference so unique and so valuable. Browse
this slideshow for a look at this year’s speakers,
keynotes, panel discussions, and special guests.

https://bit.ly/2H9pJUp

SEMI reports record semiconductor
photomask sales of $3.7B

SEMI announced that after several years

of incremental increases the worldwide
semiconductor photomask market surged 13
percent to a record high $3.75 billion in 2017 and
is forecast to exceed $4.0 billion in 2019.
https://bit.ly/2HuiS5P

China now world’s largest consumer
of semiconductor packaging
equipment and materials

Fueled by heavy government investment, IC
packaging and testing in China generated $29
billion in revenue in 2017, making China the
world’s largest consumer of packaging equipment

and materials.
https://bit.ly/2JCkc75
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With its highest growth rate in 14 years, the global
semiconductor industry topped $429B in 2017

The semiconductor industry closed out 2017 in
blockbuster fashion, posting the highest year-
over-year growth in 14 years. Global semicon-
ductor revenue grew 21.7 percent, reaching
$429.1 billion in 2017, according to IHS Markit
(Nasdaq: INFO).

Recording year-over-year growth of 53.6
percent, and its highest semiconductor revenue
ever, Samsung replaced Intel as the new market
leader of the semiconductor industry in 2017.
Intel was followed by SK Hynix, in third position.

“2017 was quite a memorable year,” said Shaun
Teevens, semiconductor supply chain analyst,
IHS Markit. “Alongside record industry growth,
Intel, which had led the market for 25 years, was
supplanted by Samsung as the leading semicon-
ductor supplier in the world.”

Among the top 20 semiconductor suppliers, SK
Hynix and Micron enjoyed the largest year-over-
year revenue growth, growing 81.2 percent and
79.7 percent, respectively. “A very favorable
memory market with strong demand and high
prices was mainly responsible for the strong
growth of these companies,” Teevens said.

Qualcomm remained the top fabless company
in 2017, followed by nVidia, which moved into
the second position, after growing 42.3 percent
over the previous year. Among the top 20
fabless companies, MLS enjoyed the highest
market share gain, moving from number 20 to
number 15 in the IHS Markit revenue ranking.

Worldwide Ranking of the Top-10 Suppliers of Semiconductors in 2017

(Ranking by Revenue in Millions of U.S. Dollars)

Memory was the strongest
industry category

Memory integrated circuits proved
to be the strongest industry category,
growing 60.8 percent in 2017 compared
to the previous year. Within the category,
DRAM grew 76.7 percentand NAND grew
46.6 percent — the highest growth rate
for both memory subcategories in 10
years. Much of the revenue increase was
based on higher prices and increased
demand for memory chips, relative to
tight supply.

“Thetechnology transition from planar 2D
NAND to 3D NAND drove the market into
an unbalanced supply-demand environ-
ment in 2017, driving prices higher
throughout the year,” said Craig Stice,
senior director, memory and storage,
IHS Markit. “Entering 2018, the 3D NAND
transition is now almost three-quarters
of the total bit percent of production, and
itis projected to provide supply relief for
the strong demand coming from the SSD
and mobile markets. Prices are expected
to begin to decline aggressively, but
2018 could still be a record revenue year
for the NAND market.”

Excluding memory, the remainder of
the semiconductor industry grew 9.9
percent last year, largely due to solid
unit-sales growth and strong demand
across all applications,
regions and technologies.

2016 2017 2016 2017 3 & Notably, semiconductors
PR T Sl » ®) _Chenge _of Totsl__Percent used for data processin
2 1 Samsung Electronics 40,389 62,031 53.6% 14.5% 14.5% p g
1 2 Intel 54,980 61,406 1n.7% 14.3% 288% app”cations expanded
5 3 SK Hynix 14,699 26,638 81.2% 6.2% 35.0%
7 4 Micron Tochnalogy 12710 2ess 797w sa 403w 33.4 percent by year-end.
4 L] Broadcom Limited 14,979 17,3715 16.0% 4.0% 44.3% .
e & i 15408 werz  asw  aw  asaw  Intelremained the market
6 T Texas Instruments 12,836 14,525 13.2% 34% 51.7% |eader in thIS Category,
8 8 Toshiba 9,904 11,864 19.8% 28% 54.4%
® 3 NP 9,306 BESA AT 21% 56.5% with sales almost two
13 10 nVidia 6,030 8,578 42.3% 20% 58.5% .
Top 10 Companies 191,238 250,996 31.2% 58.5% times |argerthan second-
All Others 161,356 178,112 10.4% 41.5%
Total 352,504 420,108 21.7% 100.0% e ranked Samsung' <}
Source: HS Markt 01 2018 Competive Landscaping Tool o208 Markit
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U.S. companies maintain largest
share of fabless company IC sales

Research included in the March Update to the 2018 edition
of IC Insights’ McClean Report shows that fabless IC suppli-
ers accounted for 27% of the world’s IC sales in 2017—an
increase from 18% ten years earlier in 2007. As the name
implies, fabless IC companies do not operate an IC fabrica-
tion facility of their own.

2017 Fabless Company IC Sales by
Company Headquarters Location ($101.4B)

Other Companies®

Japanese r 17% U.S. Companies

53%

Companies »
<1% _aml

European
Companies
2%

Chinese
Companies*®*

11% 2010
Taiwanese US.  69%

Companies Taiwan 17%

16% *Singapore-headquartered China 5%

Broadcom Ltd's share is 16% Europe 4%

oo Japan 1%

Source: IC Insights **6% excluding internal transfers of Other 4%

HiSilicon (Huawei), ZTE, and Datang

Figure 1 shows the 2017 fabless company share of IC sales
by company headquarters location. At53%, U.S. companies
accounted for the greatest share of fabless IC sales last year,
although this share was down from 69% in 2010 (due in part
to the acquisition of U.S.-based Broadcom by Singapore-
based Avago). Broadcom Limited currently describes itself
as a “co-headquartered” company with its headquarters in
San Jose, California and Singapore, but it is in the process
of establishing its headquarters entirely in the U.S. Once
this takes place, the U.S. share of the fabless companies IC
sales will again be about 69%.

Taiwan captured 16% share of total fabless company IC
salesin 2017, about the same percentage that it held in 2010.
MediaTek, Novatek, and Realtek each had more than $1.0
billion in IC sales last year and each was ranked among the
top-20 largest fabless IC companies.

Chinais playing a bigger role in the fabless IC market. Since
2010, the largest fabless IC marketshare increase has come
from the Chinese suppliers, which captured 5% share in 2010
but represented 11% of total fabless IC sales in 2017. Figure
2 shows that 10 Chinese fabless companies were included in
the top-50 fabless IC supplier list in 2017 compared to only
one company in 2009. Unigroup was the largest Chinese
fabless IC supplier (and ninth-largest global fabless supplier)
in 2017 with sales of $2.1 billion. It is worth noting that when
excluding the internal transfers of HiSilicon (over 90% of its
sales go to its parent company Huawei), ZTE, and Datang,
the Chinese share of the fabless market drops to about 6%.

Continued on page 8

www.solid-state.com

Local partner. Global expertise.

Providing a complete portfolio of gases for every display
process using local production and global supply chains

Laser blends

Deposition

NH, SiH,

N,0 TEOS

Cleaning Doping blends

Giving our display partners a competitive edge

- High-efficiency SPECTRA-N™ nitrogen generators

2

Local production of bulk gases

2

New N,O production investments in Mainland
China, South Korea, and Taiwan

2

Multiple sources of He, NH;, NF;, and SiH,

N\

Robust global supply chains of etchants

N

Precision blending for dopant and laser mixtures

THE LINDE GROUP

www.linde.com/electronics —
electronicsinfo@linde.com Linite



U.S. companies ..., Continued from page 7 European companies held only 2% of the fabless IC company
marketshare in 2017 as compared to 4% in 2010. The loss of
Chinese Companies in the Top 50 share was due to the acquisition of U.K.-based CSR, the second-
o . Fabless IC Supplier Ranking largest European fabless IC supplier, by U.S.-based Qualcomm
1o in 1015 and the purchase of Germany-based Lantiq, the third-
10 1 HiSilicon largest European fabless IC supplier, by Intel in 2Q15. These
g ;’;‘Eiﬂ':;:':: acquisitions left U.K.-based Dialog ($1.4 billion in sales in 2017)
8 87 CIDC Group and Norway-based Nordic ($236 million in sales in 2017) as the
§ s | gasTi Smart Chip only two European-based fabless IC suppliers to make the list of
‘§ Btang top-50 fabless IC suppliers last year.
3 GigaDevice
E ] Montage The fabless IC business model is not so i tind i
3 Rockchip prominent in Japan orin
2 R South Korea. Megachips, which saw its 2017 sales jump by 40%
to $640 million, was the largest Japan-based fabless IC supplier.
0 - The lone South Korean company among the top-50 largest fabless
e Nt suppliers was Silicon Works, which had a 15% increase in sales
=purces | Inslkehts last year to $605 million. <»

Fraunhofer ISE and EV Group achieve 33.3% efficiency with
silicon-based multi-junction solar cell

Silicon solar cells dominate the global photovoltaic market
today with a share of 90 percent. With ever new technological
developments, research and industry are nearing the theoreti-
cal efficiency limit for semiconductor silicon. At the same time,
they are forging new paths to develop a new generation of
even more efficient solar cells.

The Fraunhofer researchers achieved the high conver-
sion efficiency of the silicon-based multi-junction solar cell
with extremely thin 0.002 mm semiconductor layers of IlI-V
compound semiconductors, bonding them to a silicon solar
cell. To compare, the thickness of these layers is less than one Silicon-based multi-junction solar cell consisting of lll-V
twentieth the thickness of a human hair. The visible sunlight is semiconductors and silicon. The record cell converts 33.3
absorbed in a gallium-indium-phosphide (GalnP) top cell, the percent of the incident sunlight into electricity.
near infrared light in gallium-arsenide (GaAs) and the longer ~ © Fraunhofer ISE/Photo: Dirk Mahler
wavelengths in the silicon subcell. In this way, the efficiency
of silicon solar cells can be significantly increased. 2017. Now they have succeeded once again in greatly
improving the light absorption and the charge separation
“Photovoltaics is a key pillar for the energy transformation,” in silicon, thus achieving a new record of 33.3 percent
says Dr. Andreas Bett, Institute Director of Fraunhofer ISE. efficiency. The technology also convinced the jury of the
“Meanwhile, the costs have decreased to such an extent that  GreenTec Awards 2018 and has been nominated among
photovoltaics has become an economically viable competitor  the top three in the category “Energy.”
to conventional energy sources. This development, however, is
not over yet. The new result shows how material consumption
can be reduced through higher efficiencies, so that not only
the costs of photovoltaics can be further optimized but also its For this achievement, the researchers used a well-known
manufacture can be carried outin a resource-friendly manner.  process from the microelectronics industry called “direct
wafer bonding” to transfer IlI-V semiconductor layers,
Already in November 2016, the solar researchers in Freiburg of only 1.9 micrometers thick, to silicon. The surfaces
together with their industry partner EVG demonstrated an were deoxidized in a EVG580® ComBond® chamber
efficiency of 30.2 percent, increasing it to 31.3 percent in March under high vacuum with a ion beam and subsequently

The Technology
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bonded together under pressure. The atoms on the surface
of the IlI-V subcell form bonds with the silicon atoms, creat-
ing a monolithic device. The complexity of its inner struc-
ture is not evident from its outer appearance: the cell has a
simple front and rear contact just as a conventional silicon
solar cell and therefore can be integrated into photovoltaic
modules in the same manner.

The Ill-V/ Si multi-junction solar cell consists of a sequence
of subcells stacked on top of each other. So-called “tunnel
diodes” internally connect the three subcells made of
gallium-indium-phosphide (GalnP), gallium-arsenide (GaAs)
and silicon (Si), which span the absorption range of the sun’s
spectrum. The GalnP top cell absorbs radiation between
300 and 670 nm. The middle GaAs subcell absorbs radia-
tion between 500 and 890 nm and the bottom Si subcell
between 650 and 1180 nm, respectively. The llI-V layers are
first epitaxially deposited on a GaAs substrate and then
bonded to a silicon solar cell structure. Here a tunnel oxide
passivated contact (TOPCon) is applied to the front and back
surfaces of the silicon. Subsequently the GaAs substrate is
removed, a nanostructured backside contact is implemented
to prolong the path length of light. A front side contact grid
and antireflection coating are also applied.

On the way to the industrial manufacturing of IlI-V / Si multi-
junction solar cells, the costs of the IlI-V epitaxy and the
connecting technology with silicon must be reduced. There
are still great challenges to overcome in this area, which
the Fraunhofer ISE researchers intend to solve through
future investigations. Fraunhofer ISE's new Center for
High Efficiency Solar Cells, presently being constructed in
Freiburg, will provide them with the perfect setting for devel-
oping next-generation llI-V and silicon solar cell technolo-
gies. The ultimate objective is to make high efficiency solar
PV modules with efficiencies of over 30 percent possible
in the future.

Project Financing

Dr. Roman Cariou, the young scientist and first author,
was supported through the European Union with a Marie
Curie Stipendium (HISTORIC, 655272). The work was also
supported by the European Union within the NanoTandem
project (641023) as well as by the German Federal Ministry
for Economic Affairs and Energy BMWi in the PoTaSi project
(FKZ 0324247). <»
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AT and IoT both buzz words that are predicted to drive the
electronics industry over the next decade. I am bullish on Al,
not so much on IoT. As I have explained before my opinion
is formed from a packaging perspective and while I think
AT will need all the latest high end packaging solutions, I
still perceive that most IoT will require the absolute lowest
cost, stripped down packaging available. Al platforms are an
intimate combination of hardware and software but certainly
will be requiring the latest that we have to offer in high end
packaging solutions.

Al processing will go into home control devices, autos, surveil-
lance systems, airplanes, wearables and things we have yet to
think of. Al processing is unique in that traditional customers
Amazon, Google and Apple, have begun to design their own Al
chips, in hopes of differentiating their products from those of
rivals. This has major ramifications for companies like Intel
and Nvidia, which will now be competing with their customers.

While I certainly am not an Al expert, we all must quickly
up our knowledge in this area which I see leading advanced
packaging into the next decade.

While cloud companies like Google appear to be favoring
custom 