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Faster LED Adoption

Another breakthrough from Veeco. This time it’s EPIK.

Introducing Veeco’s new TurboDisc® EPIK700™ GaN MOCVD system

As global consumption for LED general lighting accelerates, manufacturers need bigger, better
MOCVD technology solutions that increase productivity and lower manufacturing costs.

The EPIK700 MOCVD system combines Veeco's award-winning TurboDisc reactor design with oD
0

improved wafer uniformity, increased productivity and reduced operations expenses to enable | e T

a cost per wafer savings of up to 20 percent compared to previous systems. l | ‘ = :

It also features a reactor with more than twice the capacity of previous generation reactors. p 3 i) = ’[Eui
This increased volume coupled with productivity advancements within the EPIK700 reactor, : —. o (e
results in an unmatched 2.5x throughput advantage over previous reactors. e = <

Learn how Veeco's TurboDisc EPIK700 GaN MOCVD system can improve your LED manufacturing - \"fpr

process today.
The advantage is not just big. It's EPIK.

Contact us at www.veeco.com/EPIK700 to learn more.
Veeco’s New TurboDisc EPIK700 GaN MOCVD System



Editorial 4

semiconductorTobAy

Markets News 6
IR LEDs growing at 8.4% CAGR to 2021

Microelectronics News 8
Skyworks acquires remaining stake in filter JV with Panasonic
Wide-bandgap electronics News 14
Dialog enters GaN market ¢ GaN Systems’ founders to retire
Materials and processing equipment News 20

Veeco consolidating three plants into MOCVD facility e Samco opens

new office in Malaysia e Rubicon’s revenue falls to $3.5m in Q2
LED News 36

AquiSense acquired by UV-C LED maker Nikkiso e UIUC uses
MOCVD growth of cubic GaN on silicon to boost green LEDs

COMPOUNDS &@ ADVANCED SILICON

Vol. 11 e Issue 6 e July/August 2016

€/smartGaN
=%

Optoelectronics News 42

Terahertz quantum cascade laser output in cw mode almost doubled power IC product, which uses TSMC's

Optical communications News 45 650V GaN-on-Si process technology.

Juniper to acquire Aurrion eColorChip raises a further $20m

Photovoltaics News 54

Spectrolab producing 30.7%-efficient space solar cell

Technology focus: Photovoltaics 58

Flexible ultra-thin gallium arsenide photovoltaic devices

Technology focus: Nitride lasers 60

Yellow-green indium gallium nitride quantum dot laser

Technology focus: Nitride materials 62 19 A post-graduate team from

Sodium flux route to free-standing gallium nitride substrates Imperial College London has won the

Technology focus: Nitride materials 64 ':|r5t a””Eal Ga'\;’SVSteg]s |(|5e°ff

Correcting charge polarization calculations for III-nitrides aynes Future Fower Lhallenge.

Technology focus: Nitride LEDs 66

Probing potential to understand efficiency droop in InGaN LEDs

Technology focus: Nitride LEDs 68

Dependence of efficiency droop on carrier density

Technology focus: Nitride LEDs 70

Boosting hole injection by including InGaN in two-layer p-contact

Technology focus: Nitride LEDs 72 bl

Relaxing multiple quantum wells with low-temperature barriers ;45 csB professor of electrical and

Technology focus: III-Vs on silicon 74 computer engineering .and of materials

Integrating gallium nitride optoelectronics on silicon John Bowers is to receive the 2017
— - IEEE Photonics Award for “pioneering

Technology focus: Nitride materials 78  research in silicon photonics”,

Zirconium dioxide dielectric for GaN high-mobility transistors

Technology focus: Silicon carbide 80 Cover: Under a

Bi-directional SiC planar insulated-gate bipolar transistor = gor‘;:tyfrz:’ffh@ NSE.

Technology focus: Silicon carbide 82 vl £ I

Market focus: Power electronics 88 e

Infineon’s acquisition of Wolfspeed the beginning of collaborations the complexity and increase the capacity

. P of quantum information processing for
Su ppllers Dlrectory 20 secure communication, metrol_ogy,
Event Calendar and Advertisers’ Index 96  Sensingandadvanced computing. p43

www.semiconductor-today.com

semiconductorTODAY Compounds & AdvancedsSilicon « Vol. 11 « Issue 6 « July/August 2016




editorial

III-V/silicon laser integration
entering commercialization

After focusing last issue on the topic of integrating III-V materials directly
on silicon to enable the integration of optoelectronic functionality on silicon
substrates — specifically laser and photodiode devices incorporating
indium arsenide (InAs)/gallium arsenide (GaAs) quantum dots — in this
issue we follow up by covering the integration of gallium nitride (GaN)-based
optoelectronic devices (light-emitting diodes, photodiodes and waveguides)
on silicon. Target applications include smart transmitters/receivers for
wireless visible light communication (see pages 74-77).

Also, on page 38 we report that University of Illinois at Urbana Champaign
(UIUC) has developed the growth by industry-standard metal-organic
chemical vapor deposition (MOCVD) of cubic-phase GaN rather than the
usual hexagonal-phase GaN — via a hexagonal-to-cubic phase transformation
on nano-patterned silicon (100). This enables the use of CMOS-compatible
substrates to manufacture brighter and more efficient green LEDs that can
also be integrated with sensing and communications networking devices in
smart solid-state lighting.

One of the pioneers of hybrid integration of III-V optoelectronic devices
with silicon is John Bowers, professor of electrical and computer engineering
and of materials at University of California Santa Barbara (UCSB), who is
to receive the 2017 IEEE Photonics Award (see page 45). Bowers was also
a co-founder of the Santa Barbara-based fabless firm Aurrion, which is
being acquired by Silicon Valley-based Juniper Networks (also page 45).
Aurrion has developed a hybrid silicon photonics platform that heterogeneously
integrates indium phosphide (InP) optoelectronic materials, and Juniper
aims to combine this with its optical network products.

Bowers is a director for the West Coast center of AIM Photonics (American
Institute for Manufacturing Photonics), a federally funded consortium set up
to boost photonics manufacturing in the USA. AIM has just announced
that, after only one year of operation, its integrated silicon photonics
process design kit (PDK) is now available to member organizations (page 44).

Associated with AIM is the work of member University of Rochester, which
has won a four-year, $2m grant from the US National Science Foundation
for the project ‘EFRI ACQUIRE: A Scalable Integrated Quantum Photonic
Interconnect’ that aims to reduce the complexity and increase the capacity
of quantum information processing (for secure communication, metrology,
sensing and advanced computing) by using chip-scale integrated SiC
quantum photonic processors (see page 43).

Most recently, on 17 August at the 2016 Intel Developer Forum in San
Francisco, Intel announced commercial availability of its first Silicon Photonics
100G optical transceiver products, specifically a PSM4 (Parallel Single Mode
fiber 4-lane) QSFP28 module that can transmit at 100Gb/s across 2km
(targeting fast data-center connectivity) and a CWDM4 (coarse wavelength
division multiplexing 4-lane) QSFP28 module (targeting optical interconnects
for data communications applications). The products follow long-term R&D
on what was the first *hybrid silicon laser’ (integrating an InP-based laser
active layer onto a silicon waveguide and laser cavity), led by John Bowers
at UCSB, making the IEEE Photonics Award timely. See next issue for details.

Mark Telford, Editor M
4 ,—7’/’0’%\&{-

mark@semiconductor-today.com
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Infrared LED revenue growing faster than overall

IR components

IR LEDs growing at 8.4% CAGR to 2021

Increased adoption of biometrics
security in mobile phones,
close-circuit television and other
consumer applications spurred
revenue growth in the global market
for infrared LEDs from $201.5m in
2014 to $241.4m in 2015, accord-
ing to Jamie Fox, principal analyst,
LEDs and Lighting, at IHS Markit.
While infrared LEDs grew 19.8%
year-on-year in 2015, the overall
infrared components market fell by
9%. Germany’s Osram Opto Semi-
conductors, Taiwan'’s Everlight Elec-
tronics and US-based Vishay were
the leading suppliers.

The forecast compound annual
growth rate (CAGR) of 8.4% for
infrared LEDs from 2015 to 2021
compares favorably to overall growth
in total infrared component of 4.2%.
The total market also includes
slower-growth categories like
photodiodes and phototransistors,
Infrared Data Association (IrDA)
transceivers and infrared receivers.

Infrared LEDs have traditionally
been used in industrial light curtains,
smoke detectors and other
low-growth, mature applications.
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Worldwide market for IR components by product type
Revenue growth profile - 2015 to 2021
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However, upcoming and recent
growth is primarily caused by
increasing use in closed-circuit
television (CCTV) cameras and
biosecurity in devices such as
smartphones, tablets, laptop PCs
and video-game consoles.

Another growing market for
infrared LEDs is in touch-screens in
point-of-sale terminals and ATM
machines, where infrared LEDs are
used along the sides of the display,
so that touch can be detected by
the interruption of an infrared
signal across the screen rather
than the actual direct impact of

touching the screen. Capacitive
touch-screens (as used in con-
sumer devices) are not as appropri-
ate for these applications, because
the constant use wears out the
screens to the point where they
become inactive, causing higher
maintenance. Also, seamless
smooth screens without raised
edges are less important in these
types of commercial applications
than they are in consumer con-
sumer devices, notes the report.
https://technology.ihs.com/553294
/optoelectronic-components-report-
2016

Nichia ranked top-revenue packaged LED supplier, with
12.9% market share, followed by Osram and Lumileds

According to the new 2016 edition
of the IHS Markit's ‘Packaged LED
Report’ (its annual revenue-share
ranking of the top LED suppliers in
backlighting, automotive, lighting
and other applications), Nichia led
in both lighting and mobile appli-
cations for 2015, with 12.9% share
of the total packaged LED market.
Nichia was followed by Osram and
Lumileds with a combined share of
14.7%.

“It's not a surprise that Nichia led
in more than one application,”

comments Alice Tao, senior analyst
(LEDs and lighting) for IHS Markit.
“In 2015, Nichia overtook Cree,
which led the lighting category in
2014,” she adds. “Nichia was also
very strong in mobile phone LEDs,
since the company is a major
supplier for Apple’s iPhone.”

Samsung was the leading supplier
in backlighting, which includes
LEDs used in TVs, monitors,
notebook PCs and tablet PCs.
Nichia followed in second position
and LG Innotek ranked third.
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Osram has been the leading
supplier of automotive LEDs for
many years. Its market share was
35% in 2015 for LEDs used in the
total automotive market and 40%
for those used in the automotive
exterior market. It also led in the
‘other’ application category, which
includes LEDs used for industrial,
medical, security, projection,
signage and off-specification
applications.
https://technology.ihs.com/579867
/packaged-leds-report-2016
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COB LED market in APAC to grow at 34.79% CAGR
to 2020, driven by general lighting

...but use of different packaging technologies by manufacturers
decreases assembly throughput, affecting growth

The chip-on-board (COB) LED market
in the Asia-Pacific (APAC) region
will increase at a compound annual
growth rate (CAGR) of 34.79%
over 2016-2020, forecasts Tech-
navio’s report ‘Chip-on-Board LED
Market in APAC 2016-2020’, which
segments the market into the
applications of automotive lighting,
back-lighting, and general lighting.
The growth of manufacturing facil-
ities in China will be a key trend for
market growth, says the report.
Subsidies for LED makers offered by
the government led to the expansion
of manufacturing capacity. The
increasing use of domestically

made chips has further decreased
the overall cost of LED manufac-
turing. This will foster the growth of
Chinese LED makers, as the market
is highly price sensitive, notes
Technavio.

According to the report, a key
driver of market growth will be the
drop in the average selling price
(ASP) of LEDs due to decreasing
manufacturing costs. This is attrib-
uted to the use of larger wafers and
automation in manufacturing.

However, limitations associated
with packaging will be a major
challenge to market growth, states
the report. Lower prices, high light

attenuation, and higher thermal
resistance offered by aluminum
make it the second most-reliable
material for packaging. In addition,
the use of different packaging tech-
nologies by different manufacturers
decreases throughput in the
assembly and manufacturing of
COB LEDs, affecting market
growth, concludes the report.

Key manufacturers covered by the
report include Citizen, Creg,
Lumileds, Nichia, Osram, Samsung,
and Seoul Semiconductor.
www.technavio.com/report/apac-
embedded-systems-chip-board-led-
market

GaN device supply chain robust despite consolidation

Even with the well-publicized con-
solidation of RF Micro Devices and
TriQuint Semiconductor, Infineon's
acquisition of International Rectifier
(IR) and most-recently Wolfspeed,
and NXP Semiconductors’ acquisition
of Freescale Semiconductor, the
gallium nitride (GaN) device supply
chain is growing and diversifying,
according to a report by Strategy
Analytics that lists 37 companies
manufacturing GaN devices for RF
and power electronics applications.

“While RF GaN revenue is concen-
trated with Sumitomo Electric Device
Innovations (SEDI), Wolfspeed
(now part of Infineon) and Qorvo,
the entire supply chain is bustling
with activity,” says Eric Higham,
director of Strategy Analytics’
Advanced Semiconductor Applications
service (ASA). “"GaN performance
enables a lot of new capabilities in
high-power electronics applications
and we expect to see more activity
from new and established players

as GaN gains traction in these
applications,” he adds.

“In the RF market, we expect
defense applications of GaN to see
strong growth, so this will boost
this portion of the supply chain,” says
Asif Anwar, director of the firm’s
Advanced Defense Systems service.
www.strategyanalytics.com/
access-services/components/
advanced-semiconductors/reports/
report-detail/2015-snapshot-of-
gan-supply-chain-companies
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I 8 News: Microelectronics

Qorvo’s quarterly revenue grows by a
more-than-expected 15%

North Carolina GaAs capacity being consolidated into Oregon and
GaN to Texas, making way for SAW filters

For fiscal first-quarter 2017 (to 2
July 2016), Qorvo Inc of Greens-
boro, NC and Hillsboro, OR, USA
(which provides core technologies
and RF solutions for mobile, infra-
structure and defense applications)
has reported revenue of $697.6m,
up 15% on $607.1m last quarter
and up 4% on $672.7m a year ago.
This is well above the $650m
guidance, reflecting strength in
the firm’s Mobile Product segment
in China, a large customer smart-
phone ramp, and growth in broad
markets in the Infrastructure &
Defense Products (IDP) segment.

Qorvo had three 10% customers:
the largest (representing the
collective demand from multiple
subcontractors for this end cus-
tomer) at about 29% of revenue
(down from 33% last quarter), plus
China-based telecoms equipment
maker Huawei Technologies Co Ltd
(a customer for both Mobile Products
and Infrastructure & Defense
Products) and South Korea’s
Samsung.

Mobile Products revenue was
$547m, down slightly on $551m a
year ago but up 18% on $465m
last quarter. Mobile Products sup-
ported multiple performance-tier
and premium-tier smartphones
with a product portfolio including
highly integrated high-, mid- and low-
band solutions, envelope tracking
(ET) power management integ-
rated circuits (PMICs), filters,
switches, low-noise amplifiers (LNAs)
and antenna control solutions.
Also, Qorvo benefited in China from
a strong market and the migration
from three-mode to full-mode
smartphones for domestic and
export markets.

Qorvo production-released its
next-generation bulk acoustic wave
(BAW) filter process, and
Mobile Products expanded
customer engagements with its

ultra-high-performance BAW-based
quadplexers and hexaplexers.

“We saw strong demand for our
recently launched quadplexers, and
for our second-generation RF Flex
modules, which launched last year,
notes president & CEO Robert A.
Bruggeworth.

In Wi-Fi, for handsets, Qorvo
saw 13% growth sequentially, as
it ramped its highly integrated
RF Fusion for mobile Wi-Fi. Outside
of handsets, Mobile Products grew
30% on last quarter.

Infrastructure & Defense Products
(IDP) revenue was $151m, up 6%
on $142m last quarter and up 24%
on $122m a year ago. Bruggeworth
cites another strong quarter for
design wins. In particular, IDP
continued to support the roll-out
of next-generation wireless infra-
structure with key 5G and massive
MIMO design wins. Qorvo also
expanded its presence in the (IoT)
Internet of Things) market with the
acquisition (announced in April) of
low-power short-range RF device
maker GreenPeak Technologies of
Utrecht, The Netherlands (expected
to be accretive by the end of 2016).

In transport, Qorvo began the
production ramp of a quad linear
400G optical driver for a tier-1 tele-
com equipment provider. The firm
also reached record revenue levels
for its CATV hybrid products, driven
by the industry leaders. Both sup-
port the build-out of infrastructure
to keep pace with the ever increas-
ing demand for data. Defense
business is up 30% year-on-year,
driven mostly by domestic active
electronically scanned array (AESA)
radar programs, and the prolifera-
tion of gallium nitride (GaN), espe-
cially for international markets.

“IDP continues to reposition its
product portfolio to support high-
growth markets, and today they
are highly diversified business in a

"

$3.8bn serviceable market,” com-
ments Bruggeworth. IDP forecasts
that the markets it serves will rise
at a compound annual growth rate
(CAGR) of 17%, nearly doubling its
market by 2020 to $7bn. “In our
infrastructure unit, we continue to
see a stabilization in the China
base-station market and strong
customer activity, especially in GaN,”
says Bruggeworth. “We enjoyed
robust demand for our 3.5GHz GaN
power amplifiers (PAs) during the
quarter and we supplied duplexers,
LNAs and PAs for small-cell solutions
at multiple base-station OEM
customers.”

On a non-GAAP basis, gross margin
was 48.2%, down from 50% last
quarter (and 51.5% a year ago)
and below the expected 50%.

This was due mainly to a shiftin
product mix to lower-margin
products, reflecting low-band PAD
(power amplifier duplexers) busi-
ness exceeding expectations with
higher-than-expected costs since
there is significant outsourced filter
content. In addition, early yields on
high-volume quadplexers for China
were below plan.

Operating expenses were
$168.6m, up from $142.9m
last quarter due mainly to higher
R&D expenses, increased variable
compensation expense, and the
addition of GreenPeak. The higher
R&D expense reflects increased
investment in high-performance
filter designers, SAW and BAW
process engineers, and associated
material costs for prototypes.

Operating income was $167.6m
(operating margin of 24% of sales),
up from $160.6m last quarter.

Net income rose from $142.6m
($1.04 per diluted share) last quarter
to $143.1m ($1.08 per diluted share,
above the expected $1.05).

Cash flow from operations fell from
$160.5m last quarter to $59m. »
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»Meanwhile, capital expenditure has

risen from $84.4m last quarter to
$130m, primarily to address grow-
ing demand for premium filters.
Hence, during the quarter, cash and
short-term investments fell from
$613m to $447m.

During the June quarter, Qorvo
completed its $500m accelerated
share repurchase (ASR), retiring an
additional 400,000 shares, with
$250m remaining available under
the firm’s $1bn share repurchase
program authorized last November.
Qorvo has repurchased $1.3bn of
shares in the last five quarters.

Across all of Mobile Products,
customer order activity strength-
ened throughout the June quarter
with many orders placed well within
lead times. Through the month of
July, order activity in Mobile
remained very strong. “It’s clear to
us the demand for broadband data
continues to increase, with the
effect amplified for RF suppliers as
content per device experience,”
says Bruggeworth.

“In the June quarter, Qorvo saw
customer order activity accelerate
as the quarter progressed,” notes
Bruggeworth. “In the September
quarter, we continue to see strong
demand in support of this year’s
most popular devices, and we are
rapidly expanding our capabilities
to develop new highly integrated
solutions for large customer oppor-
tunities launching in 2017 and
2018."

For the September 2016 quarter
(including about $6-7m from
GreenPeak), Qorvo expects revenue
to grow to $820-850m, reflecting
strong broad-based demand
(although most of the growth is
coming from Mobile). Gross margin
should fall to about 47% (and

All proposals approved at Qorvo stockholders’

Qorvo, says that all agenda items
were approved at its 2016
Annual Meeting of Stockholders.

The proposals were as follows:
(1) election of 10 directors to
serve a one-year term;

www.semiconductor-today.com

remain near the Q2 level through
the rest of the year based on the
low-band product mix and while the
firm’s fab conversions are underway).
Diluted earnings per share (EPS)
should be $1.35-1.45.

In the September quarter, Qorvo
expects its OpEx to trend down
through second-half 2016, reaching
the goal of about 20% of sales
and sustaining that performance
through the December quarter
as some spending falls off and
productivity programs continue.
Full-year fiscal 2017 CapEx should
be about 15% of sales.

“Qorvo today is the number-one or
number-two player in the majority
of our growth markets, and we are
investing to extend our leadership,”
says Bruggeworth. “"We are building
a technology moat to maintain
leadership where we are number
one, and where we are number
two, we are investing to advance
from a challenger to the leader;,”
he adds.

Two major initiatives are underway:
(1) leveraging BAW filter assets; and
(2) establishing filter independence.
“We expect these initiatives to
support margin expansion early next
year, as new customer programs
ramp,” says Bruggeworth.

“Our BAW products are closing in
on state-of-the-art performance and
we're on a measured pace to add
capacity needed to meet expected
customer demand for premium
filters,” says chief financial officer
Mark J. Murphy. “A large number of
productivity projects are underway
including conversion to 8” BAW
wafers in our Texas fab and 6” SAW
on our Florida fab, conversion of
our North Carolina fab to TC-SAW
and SAW (starting with 6” wafers),
consolidation of our GaAs capacity

(2) approval, on an advisory basis,
of the compensation of the firm'’s
named executive officers;

(3) reapproval of the company's
cash bonus plan, including the
material terms of the performance

into Oregon, migration of GaN from
North Carolina to Texas, and an
additional Mobile Products assembly
& test capacity in China,” he adds.
“We expect these new product
capabilities, capacity additions, and
productivity initiatives to help us
sustain above-market growth and
drive margin expansion.”

CapEx should remain elevated as
Qorvo aligns capacity additions
with stronger customer demand for
premium filters and integrated
modules.

“Upon transition to more integrated
modules with Qorvo-produced filters
and completion of our fab conver-
sions, we expect gross margin to
expand,” says Murphy.

On the design front, Qorvo’s GaN
PAs were selected by a major infra-
structure provider for a massive
MIMO active antenna system.

Two global wireless infrastructure
manufacturers selected the firm’s
28GHz 5G base-station GaN PAs
and a major infrastructure provider
selected its 2.6GHz PA, LNA and
switch for pre-5G MIMO deployment.
In connectivity, Qorvo saw strong
momentum in CPE Wi-Fi, particu-
larly 5GHz.

“The expanding market require-
ments for carrier aggregation and
5G among others will favor our
unique competitive strengths, and
we expect this to support strong
longer-term dynamics and improving
visibility into our growth drivers,”
says Bruggeworth. “Only Qorvo
delivers a comprehensive portfolio
of filters, switches, amplifiers,
PMICs, LNAs and tuners with the
scale, integration capabilities and
system-level expertise to supply an
expanding variety of highly integ-
rated solutions,” he claims.
WWW.Oorvo.com

annual meeting

goals; and

(4) ratification of the appointment
of KPMG LLP as Qorvo’s independ-
ent registered public accounting
firm for the fiscal year ending

1 April 2017.

semiconductor TODAY Compounds & AdvancedsSilicon « Vol. 11 s Issue 6 « July/August 2016



I 10 News: Microelectronics

Skyworks’ revenue falls less than expected,
despite largest customer’s inventory adjustment

For fiscal third-quarter 2016

(to 1 July), Skyworks Solutions Inc
of Woburn, MA, USA (which manu-
factures analog and mixed-signal
semiconductors) has reported
revenue of $751.7m, slightly
exceeding the $750m guidance but
down 3% on $775.1m last quarter
and 7.2% on $810m a year ago,
impacted as expected by a one-time
inventory adjustment at a large
customer in Asia (driving up
Skyworks inventory from $323.9m
last quarter to $437.6m). Excluding
Skyworks’ largest customer, revenue
is up 10-12% year-on-year.

Of total revenue, integrated
mobile systems (IMS) comprised
55%, broad markets 29%, and
power amplifiers (PAs) 16%.

“We delivered above-guidance
results in the quarter, driven by
increasing global demand for high-
speed connectivity coupled with
strong operational execution,” says
president & CEO Liam K. Griffin.

On a non-GAAP basis, gross margin
was 50.9%, slightly below the 51%
guidance (despite the higher rev-
enue level and broad markets
doing better) but up from 50.8%
last quarter and 49% a year ago.

Operating expenses were $107.6m
(below the expected $108.5m).
This was up on $101.3m a year ago
but cut from last quarter’s $108.6m.

Operating income has fallen further,
from $295.4m (operating margin of
36.5%) a year ago and $285m
(operating margin of 36.8%) last
quarter to $274.7m (operating
margin of 36.5%). Likewise, net
income has fallen from $262.5m
($1.34 per diluted share) a year ago
and $242.3m ($1.25 per diluted
share) last quarter to $238.1m
($1.24 per diluted share, although
$0.03 over the $1.21 guidance).

Cash flow from operations was
$141m (down further, from $154.5m
last quarter and $222m a year ago).
Though still down on $108m a year
ago, capital expenditure (CapEx)
has rebounded from $37m last

quarter to $57m, with depreciation
of $54.6m. During the quarter,
Skyworks returned over $240m of
cash to shareholders via dividends
and the repurchase of 3 million
shares of common stock. Hence,
overall, cash and cash equivalents
fell from $1177m to $973.7m.

“Our highly integrated solutions
are enabling a broad array of appli-
cations, ranging from streaming
media to e-commerce to cloud-
based services,” says Griffin.
“Specifically, we are capturing
performance-driven content gains
within the world’s premium mobile
platforms while expanding our
customer and end-market reach
across the Internet of Things.”

“We continued to gain broad market
traction,” notes Griffin. Business
highlights of the quarter included:
® supporting Huawei’s P9 smart-
phone platform (incorporating 10
unique devices including SkyOne
systems across low, mid and high
bands);
® launched advanced carrier
aggregation capabilities across a
suite of premium and value tier
smartphone OEM accounts (includ-
ing Samsung, Motorola as well as
Oppo, Vivo and ZTE);
® ramping SkyBlue technology
(enabling enhanced power man-
agement and LED flash drivers);
® commencing volume production of
proprietary diversity receive solutions;
® expanding the antenna tuning
portfolio (enabling higher data rates
and smaller footprints);
® securing telematics design wins at
Continental for 4G LTE automotive
systems;
® capturing digital attenuator and
multimode repeater design wins at
Audi;
® releasing Bluetooth Low Energy
long-range modules for industrial
applications;
® enabling connectivity within lead-
ing always-listening virtual assistant
platforms;
® supporting the world’s first head

cam with LTE connectivity and 4K
streaming video;

® powering enterprise radios for the
Google 3.5GHz-band ecosystem; and
® surpassing 2 billion cumulative
shipments of filters from the
Panasonic joint venture.

“These major wins and others
demonstrate our expanding
customer and end-market reach
across both mobile platforms and
the Internet of Things,” says Griffin.
“Accordingly, we are planning for
sustained market outperformance
with operating leverage and strong
cash flow generation,” he adds.

“Based on our broad market trac-
tion and new program ramps as
well as analog and mixed-signal
content gains, we expect a strong
second half of 2016 with further
operational improvements,” says
chief financial officer Donald W.
Palette. For fiscal Q4/2016,
Skyworks expects revenue to be up
10-11% sequentially to $831m.
Gross margin should be 51%, up
from 50% a year previously (even
with a lower revenue base) but
roughly flat quarter-to-quarter
(despite revenue rising). Both R&D
and SG&A expenses should be level
sequentially. Diluted earnings per
share should rise to $1.43.

“The double-digit revenue growth
we expect in Q4, followed by con-
tinued growth into our first fiscal
quarter, will reduce inventory,” says
Palette. "We have level loaded our
factories and positioned ourselves
well to address a series of new filter-
rich program ramps with leading
customers,” he adds. By the March-
quarter 2017, Skyworks should see
a return to year-on-year growth.

“Given the confidence in our busi-
ness model and plans to enhance
cash returns to our shareholders,
we are separately announcing that
our board of directors has authorized
an 8% dividend increase and a new
$400m stock repurchase program,”
notes Palette.
www.skyworksinc.com
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Skyworks acquires remaining stake in
filter joint venture with Panasonic

Skyworks Solutions Inc of Woburn,
MA, USA (which makes analog and
mixed-signal semiconductors) says
that, for $76.5m, it has acquired the
remaining 34% stake that it did not
already own in the filter joint venture
it created with Japan’s Panasonic in
2014. The acquisition is not expected
to impact Skyworks’ consolidated
financial statements, as operations
have been consolidated with Sky-
works’ financial statements since
the date of the initial joint venture.
Skyworks says that at the core of
the joint venture was Panasonic’s
engineering and process talent,
expertise in filter design and leading-
edge products, as well as 412
fundamental filter patents and patent
applications for surface acoustic wave
(SAW) and temperature-compensated
(TC) SAW devices. In August 2015,

Skyworks expanded its production
capacity with the addition of a
405,000ft? facility in Osaka to help
meet the growing demand for
highly integrated solutions leverag-
ing filter technology. To date, total
production has exceeded more
than 2 billion filters.

“With this acquisition, Skyworks
has strengthened its leadership
position as one of the world’s
largest providers of high perform-
ance, integrated-filter solutions,”
reckons Skyworks’ president & CEO
Liam K. Griffin. “Given the prolifer-
ation of frequency bands, the addi-
tion of LTE capabilities and market
demand for always-on connectivity,
the need for filters has never been
higher,” he adds. “Our strategic
investment uniquely enables us to
deliver end-to-end solutions for

some of the fastest-growing and
most demanding applications in the
world requiring high-performance
filter technology. Together with
external partners, we are success-
fully addressing the low-, mid- and
high-band performance require-
ments across premium smart-
phones and IoT applications.”
According to a recent report from
Research and Markets, the global
radio frequency filter market is
expected to grow at a compound
annual growth rate (CAGR) of 15%
during 2016-2020, and the rise in
the number of frequency bands,
modulation schemes and power
amplifier modes to support
increased mobile data traffic is
resulting in high RF front-end
complexity.
www.skyworksinc.com

Skyworks launches Wi-Fi, Bluetooth, ZigBee RF switches

Skyworks has launched two new
Wi-Fi switches suitable for WLAN
networks, repeaters, ISM-band
radios, Bluetooth systems, smart-

phones, and connectivity modules.

The SKY13585-679LF is a SPDT
(single-pole double-throw) switch
intended for 1-6GHz applications,
maintaining low insertion loss and

high isolation for all switching paths.

The SKY13586-678LF is a SP3T

(single-pole triple-throw) antenna
switch for 2.4GHz Wi-Fi applications.
The new devices offer wide 3-5V
supply range and are compatible
with 1.8V or 3.3V control logic.
They require fewer control signals
from industry-standard SP2T and
SP3T solutions and include integ-
rated DC blocking capacitors, so
no external DC blocking capacitors
are required. They also feature

what is said to be high-linearity
performance and low insertion
loss, making them suitable for
transmit/receive applications.
The switches are available in
ultra-miniature 1x1 and 1.1 x 1.1
packages (6-or 8-pin), saving
application board space and cost
for OEMs.
www.skyworksinc.com/
products_switches.aspx

Skyworks launches RF switches for connected home applications

Skyworks has launched two RF
switches suitable for the Internet of
Things (IoT) applications including
the connected home.

In addition to the connected
home, the SKY13587-378LF, which
is a gallium arsenide (GaAs)
pseudomorphic high-electron-
mobility transistor (pHEMT) single-
pole dual-throw (SPDT) switch, can
be used for transmit and receive
switching in industrial, lighting and
smart energy applications, as well
as 802.11a/b/g/n WLAN networks

that operate at 2.4GHz and
5.8GHz. The SKY13588-460LF is a
CMOS silicon-on-insulator (SOI)
single-pole triple-throw (SP3T)
switch made for antenna selection
in Wi-Fi applications in I0T sys-
tems.

The new switches have an operat-
ing temperature range up to
105°C, making them suitable for
applications that require extended
temperature. They also boast high
isolation and low insertion loss,
which is best for low-power trans-

mit/receive applications. Their posi-
tive voltage control provides low
current and optimal efficiency for
battery-operated IoT applications,
says Skyworks. Their broadband
frequency ranges from 20MHz to
6.0GHz (SKY13587-378LF) to
0.1 to 6.0GHz (SKY13588-460LF).
These devices are available in
compact MLPD/QFN packages (6-or
12-pin), saving application board
space and design cost for OEMs.
www.skyworksinc.com
/products_IoT.aspx
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Aemulus and Peregrine partner to develop
microwave frequency tester

Peregrine Semiconductor Corp of
San Diego, CA, USA — a fabless
provider of radio-frequency integ-
rated circuits (RFICs) based on
silicon-on-insulator (SOI) — has
announced a strategic partnership
with automated test equipment
(ATE) firm Aemulus Corp of
Penang, Malaysia to develop a new
microwave frequency tester. Build-
ing on Aemulus’ Amoeba AMB7600
RF tester, the next-generation test
solution will extend its support into
microwave frequency bands and
enable more complex testing.
“This Aemulus microwave tester
is the latest project in a series of
successful collaborations with
Peregrine,” notes Aemulus’ CEO
Sang Beng Ng. "This new tester will
not only contribute to growth in
test & measurement, but I foresee
many opportunities flowing in from
other markets with high-frequency
demands, such as automotive,
radar and 5G wireless,” he adds.

“With this strategic partnership,
we look forward to duplicating the
success of previous collaborative
projects.”

For the new tester, the Amoeba
AMB7600 will be upgraded with key
peripheral modules to expand into
microwave bands X, Ku and Ka.
The AMB7600 is claimed to be the
first true multi-site, multi-instance
RF tester, and it supports RF, digital
and analog testing. While the
AMB7600 addresses RF front-end
devices, the new tester will enable
more complex testing, such as the
rigorous testing needs of radar
products and mixers. Currently in
design development, the new tester
will be integrated into Peregrine’s
test infrastructure in fall 2016 and
will have full implementation by
spring 2017.

“As the market demand for
high-frequency products increases,
Peregrine has responded with a
robust high-frequency product

portfolio and has set new records
for SOI at microwave frequencies,”
claims Carl Tulberg, principal engi-
neer, NPI operations at Peregrine.
“But this innovation must be sup-
ported by a sophisticated test infra-
structure and that boils down to the
right test equipment,” he adds.
“This Aemulus partnership aligns
with our product roadmap and
ensures we meet our microwave
test equipment needs today and

in the future. It also highlights
Peregrine’s focus and investment in
high-frequency product develop-
ment.”

Peregrine’s high-frequency portfo-
lio includes RF switches, an image-
reject mixer and monolithic phase
and amplitude controllers (MPACs).
The firm says it is its UltraCMOS
technology platform that enables it
to reach these high frequencies
without compromising performance
or reliability.
www.aemulus.com

Peregrine appoints general manager of High Performance Analog

Peregrine has promoted Takaki
Murata to VP & general manager of
its high-performance analog (HPA)
business unit.

“Peregrine Semiconductor was
acquired by Murata in December of
2014, and they have proven to be
a powerful and supportive parent
company,” notes CEO Jim Cable.
“Takaki has been preparing for this
promotion for the last year and a
half, as he served on the executive
staff of our HPA business,” he adds.
“The timing of this promotion
reflects the success of our integ-
ration and the logical next step to
further our assimilation into the
Murata family of companies.”

Takaki has a Ph.D. in electrical
engineering and 12 years of
experience at Murata, in a range
of different assignments including:
LTCC material development, SAW
(surface acoustoc wave) filter

development, antenna sales
engineering, RF front-end sales
engineering, corporate accounting
and inductor business strategic
planning. Since early 2015, he has
been VP of business development
inside HPA.

“Murata is looking to Peregrine to
provide semiconductor innovation to
be applied to the Murata advantage
in our growth markets of power,
automotive, healthcare and 5G,”
says Norio Nakajima, executive VP
communication and sensor business
unit, and energy business group of
Murata Manufacturing Co. “We
have heavily invested in Peregrine
because we see their technological
advantage as critical to many of our
new and growth initiatives,” he adds.
“Takaki is ideally suited to his new
position because of his technological
expertise and his deep and long
history with Murata Manufacturing.”
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Since its purchase by Murata in
December 2014, Peregrine has
increased staffing by 40%. “The
continued investment in Peregrine by
Murata is an indicator of the signif-
icance that it places on our tech-
nology and innovation,” says Cable.

The HPA business unit serves over
4000 customers in end markets
ranging from wireless infrastructure
and wired broadband to test &
measurement, automotive and
aerospace. Recently, it launched its
first product in the power/energy
market. Products include RF switches,
digital step attenuators (DSASs),
digitally tunable capacitors (DTCs),
tuning control switches, power
limiters, phase-locked loops (PLLs),
mixers, pre-scalers, DC-DC con-
verters, monolithic phase and
amplitude controllers (MPACs) and
what is claimed to be the fastest
GaN FET driver available.

www.semiconductor-today.com
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Mitsubishi Electric launches super-mini full-SiC
DIPIPM for air conditioners

Tokyo-based Mitsubishi Electric
Corp has launched the new
PSF15S92F6 15A/600V transfer-
mold power semiconductor model
in its lineup of super-mini dual-in-
line package intelligent power
modules (DIPIPM), with embedded
silicon carbide metal-oxide-semi-
conductor field-effect transistors
(SiC-MOSFETSs).

The module includes a three-
phase inverter bridge with built-in
SiC-MOSFET, HVIC, LVIC and boot-
strap diode chips. Other functions
include short-circuit protection
(using an external shunt resistor),
control power supply under-voltage
protection (Fo output on N-side
protection), and an analog temper-
ature voltage output function.

The new module features low
power consumption, optimized for
home appliance applications such
as high-grade energy-efficient air
conditioners. The SiC-MOSFET
reduces power consumption by
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Mitsubishi Electric’'s new PSF15S92F6
15A/600V transfer-mold super-mini
DIPIPM module.

about 70% compared with
Mitsubishi Electric’s existing
super-mini DIPIPM, contributing to
an overall reduction in air conditioner
power consumption.

The module also allows a simplified
inverter system design. The footprint
(24.0mm x 38.0mm x 3.5mm) and
pin configurations are compatible
with Mitsubishi Electric’s existing
super-mini DIPIPM Ver.6

(PSSxxS92x6series,etc). Also,
designed with a high threshold volt-
age, SiC-MOSFET does not require
a negative bias circuit, allowing
simplification of the system design.
Finally, there are fewer external
components due to the use of an
embedded bootstrap diode with a
current-limiting resistor.

Mitsubishi Electric commercialized
its first DIPIPM transfer-mold
intelligent power module in 1997,
the beginning of its ongoing effort
targeting miniaturization and
energy saving in inverter systems.
Development of the new DIPIPM
was partially supported by Japan’s
New Energy and Industrial Technology
Development Organization (NEDO).
The new PSF15592F6 module is
compliant with the Restriction of
the Use of Certain Hazardous Sub-
stances in Electrical and Electronic
Equipment (RoHS) directive
2011/65/EU.
www.MitsubishiElectric.com

EPC publishes reliability report after 8 million
GaN device hours of stress testing

Efficient Power Conversion Corp
(EPC) of El Segundo, CA, USA —
which makes enhancement-mode
gallium nitride on silicon (eGaN)
power field-effect transistors (FETSs)
for power management applications
— has announced its Phase Eight
Reliability Report, showing the
results of the rigorous set of JEDEC-
based qualification stress tests that
eGaN FETs and integrated circuits
undertake prior to being considered
qualified products.

Product-specific detailed stress
test results for over 8 million actual
device hours are provided, showing
zero failures. In addition to product
qualification stress testing, due dili-
gence is necessary in other areas of
reliability such as field experience,
failures over device operational life-
time, and board level reliability,

says EPC. More specifically, the
three sections of tests covered in the
Phase Eight Reliability Report are:
I: Field Reliability Experience
(examining field failures, assembly
failures, applications failures, and
intrinsic die qualification);
II: Early Life Failure and Wear-out
Capability (early life failure rate,
and electro-migration);
III: Board Level Reliability and
Thermo-mechanical Capability (inter-
mittent operating life, temperature
cycling, and board-level reliability).
EPC says that the report, coupled
with the field reliability of eGaN
FETs and ICs given in the Phase
Seven Reliability Report — which
documented the accumulation of
over 17 billion device operation hours
combined with a very low failure rate
below 1 FIT (failures per billion hours)

— demonstrates that the stress-
based qualification testing is capable
of ensuring reliability in customer
applications. The cumulative relia-
bility information shows that eGaN
FETs and ICs have solid reliability
and are able to operate with very
low probability of failures within
reasonable lifetimes of end products
manufactured today, adds the firm.

“Demonstration of the reliability of
new technology is a major under-
taking and one that EPC takes very
seriously,” comments EPC’s CEO &
co-founder Dr Alex Lidow. “The
tests described in this report, along
with the reported results, show that
EPC gallium nitride products have
the requisite reliability to displace
silicon as the technology of choice
for semiconductors.”
WWWwW.epc-co.com
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Hexagonal boron nitride enables cost-effective,

compact solid-state detection of neutron signals

Record-efficiency semiconductor thermal neutron detector could
replace helium gas for nuclear weapon detection

A group of Texas Tech University
researchers led by professors
Hongxing Jiang and Jingyu Lin has
developed hexagonal boron nitride
semiconductor as a possible
low-cost alternative to helium gas
detectors in neutron detection
(*Realization of highly efficient
hexagonal boron nitride neutron
detectors’ by A. Maity, T.C. Doan,
J. Li, J.Y. Lin and H.X. Jiang,
Applied Physics Letters 109, 072101
(2016)).

To prevent terrorists from
smuggling nuclear weapons into
its ports, the US Security and
Accountability for Every Port Act
mandates that all overseas cargo
containers be scanned for possible
nuclear materials or weapons by
using detectors containing helium-3
gas, as detecting neutron signals is
an effective method to identify
nuclear weapons and special
nuclear materials. However, while
helium-3 gas works well for neutron
detection, it is extremely rare on
Earth. Demand for helium-3 gas
detectors has nearly depleted the
supply, most of which was generated
during the period of nuclear weapons
production over the past 50 years.
It is not easy to reproduce, and the
scarcity of helium-3 gas has caused
its cost to rise recently, making it
impossible to deploy enough
neutron detectors to fulfill the
requirement to scan all incoming
overseas cargo containers. Helium-4
is @ more abundant form of helium
gas, which is much less expensive,
but it cannot be used for neutron
detection because it does not
interact with neutrons.

The Texas Tech group’s alternative
concept was first proposed to the US
Department of Homeland Security’s
Domestic Nuclear Detection Office
and received funding from its
Academic Research Initiative
program six years ago.

By using a 43um-thick hexagonal
boron-10 enriched nitride layer
(h-10BN), the group created a
thermal neutron detector with 51.4%
detection efficiency, which is a record
for semiconductor thermal neutron
detectors. “Higher detection efficiency
is anticipated by further increasing
the material thickness and improving
materials quality,” says professor
Jiang of the Nanophotonics Center
and Electrical & Computer Engi-
neering at Texas Tech University’s
Whitacre College of Engineering.

“Our approach of using hexagonal
boron nitride semiconductors for
neutron detection centers on the
fact that its boron-10 isotope has a
very large interaction probability
with thermal neutrons,” Jiang says.
“This makes it possible to create
high-efficiency neutron detectors
with relatively thin hexagonal
boron nitride layers. And the very
large energy bandgap of this
semiconductor (6.5eV) gives these
detectors inherently low leakage
current densities,” he adds.

"Comparedto  Large energy
helium gas bandgap

detectors, boron . h
nitride technol-  9ives these

ogy improves the detectors
performance of inherently

neut_ron detec- low Ieakage
tors in terms of

efficiency, sensi- current

tivity, rugged-  densities
ness, versatile form factor,
compactness, lightweight, no pres-
surization... and it’s inexpensive,”
Jiang continues. “Beyond special
nuclear materials and weapons
detection, solid-state neutron
detectors also have medical,
health, military, environment and
industrial applications,” he adds.
“The material also has applications
in deep-ultraviolet photonics and
two-dimensional heterostructures.
With the successful demonstration

of high-efficiency neutron detec-
tors, we expect it to perform well
for other future applications.”

The main innovation behind this
new type of neutron detector was
developing hexagonal boron nitride
with epitaxial layers of sufficient
thickness — which previously did
not exist, say the researchers.

"It took our group six years to find
ways to produce this new material
with a sufficient thickness and crys-
talline quality for neutron detec-
tion,” Jiang notes. Based on their
experience working with III-nitride
wide-bandgap semiconductors,

the group knew at the outset that
producing a material with high
crystalline quality would be difficult.
“It's surprising to us that the
detector performs so well, despite
the fact that there is still a little
room for improvement in terms of
material quality,” he said.

One of the most important
impacts of the group’s work is that
“this new material and its potential
should begin to be recognized by
the semiconductor materials and
radiation detection communities,”
Jiang believes.

Now that the group has solved the
problem of producing hexagonal
boron nitride with sufficient thick-
ness, as well as crystalline quality,
to enable the demonstration of
neutron detectors with high effi-
ciency, the next step is to demon-
strate high sensitivity of large-size
detectors. “These devices must be
capable of detecting nuclear
weapons from distances tens of
meters away, which requires
large-size detectors,” Jiang says.
“There are technical challenges to
overcome, but we’re working
toward this goal.”
http:/ /scitation.aip.org/content/
aip/journal/apl/109/7/10.1063/
1.4960522
www2.ece.ttu.edu/nanophotonics
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Dialog enters GaN market with integrated devices

targeting fast-charging power adapters
UK-based fabless IC firm using TSMC’s 650V GaN-on-Si process

Dialog Semiconductor plc of
London, UK, a fabless provider of
highly integrated power manage-
ment, AC/DC power conversion,
solid-state lighting (SSL) and Blue-
tooth low-energy technology, has
announced its first gallium nitride
(GaN) power IC product, using the
650V GaN-on-silicon process tech-
nology of Taiwan Semiconductor
Manufacturing Corp (TSMC, the
world's biggest silicon wafer foundry).

Together with Dialog’s patented
digital Rapid Charge power conver-
sion controllers, the SmartGan
DA8801 can enable more efficient,
smaller and higher-power-density
adapters compared with existing
traditional silicon field-effect tran-
sistor (FET)-based designs. Dialog
is initially targeting its GaN solutions
at the fast-charging smartphone
and computing adapter segment,
where it already enjoys more than
70% market share with its power
conversion controllers.

“The exceptional performance of
GaN transistors allows customers to
deliver more efficient and compact
power adapter designs that meet

€fsmartGaN

today’s market demands,”
comments Mark Tyndall, senior VP
corporate development & strategy.
“Following our success in BCD
[bipolar-CMOS-DMOS]-based
power management ICs (PMICs),
as an early GaN innovator, Dialog
once again leads the commercial-
ization of a new power technology
into high-volume consumer appli-
cations,” he adds.

The DA8801 half-bridge integrates
building blocks such as gate drives
and level-shif