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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
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Chelmsford, MA.
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round funding for final development of
its first SiC products.
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consortium aims to boost large-scale
heterogeneous integration of diverse
materials and devices.

Cover: Toshiba’s

» SiC Schottky diodes
Tosum are among many
new SiC and GaN

t conductor product

developments
unveiled in May at the IEEE International
Microwave Symposium (IMS) and PCIM
(Power Conversion and Intelligent Motion)
Europe events. p25
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editorial

Wide-bandgap broadens out

In this issue we report developments in new products unveiled at May’s
IEEE International Microwave Symposium (IMS 2016) in San Francisco
and the PCIM (Power Conversion and Intelligent Motion) Europe 2016 event
in Nuremberg, Germany, which both highlight silicon carbide (SiC) and
gallium nitride (GaN) wide-bandgap devices in particular (see pages 25-40).

For example, at PCIM Europe, circuit protection firm Littelfuse Inc — which
produces silicon-based insulated-gate bipolar transistors (IGBTs) — launched
its first SiC Schottky diodes. These join the SiC MOSFETs in production from
Monolith Semiconductor (in which Littelfuse took a stake last December).
Last year Monolith relocated from Ithaca, NY to Texas after forming a partner-
ship for the manufacturing of its SiC switches on foundry X-FAB Texas’
150mm silicon production line. Meanwhile, silicon-focused Toshiba
unveiled Schottky diodes based on its second-generation SiC technology,
Rohm launched its third generation of Schottkys, and STMicroelectronics
unveiled its latest-generation 650V and 1200V SiC diodes and MOSFETs,
which it will scale from 4” to 6” wafers by the end of 2016.

Also at PCIM Europe, Cree spin-off Wolfspeed launched the first fully
qualified commercial power module from its operation in Fayetteville, AR
(formerly Arkansas Power Electronics International Inc, acquired last July).
In addition, at IMS, the latest GaN-on-SiC RF devices for both military and
commercial wireless applications were highlighted by not only Wolfspeed
but also Qorvo and NXP. Meanwhile, Ampleon (formerly NXP’s RF Power
business, acquired by China’s Jianguang Asset Management last December)
has launched its second generation of GaN-on-SiC RF power transistors.

Regarding gallium nitride on silicon, at PCIM, GaN Systems show-cased
customer systems enabled by its transistors (which will now be distributed
worldwide by Richardson Electronics). Silicon-focused Intersil unveiled plans
to extend its radiation-tolerant portfolio to GaN-on-Si power conversion ICs,
via a collaboration with eGaN FET firm Efficient Power Conversion (EPC).
Exagan (spun off from Soitec in Grenoble, France in 2014) announced a
partnership to commercialize products (following alliances a year ago with
Grenoble-based CEA-Leti to speed GaN-on-Si technology integration and
with X-FAB Silicon Foundries of Erfurt, Germany to develop a high-volume
production process for GaN-on-Si devices on 200mm silicon wafers).
Epiwafer foundry IQE of Cardiff, Wales, UK has joined the GaN-on-Si
Industrial Affiliation Program of research center imec in Leuven, Belgium,
having fabricated 650V power diodes on imec’s 200mm silicon pilot line.

Launching its latest GaN-on-Si products (for both wireless base-station and
RF energy applications) at IMS was MACOM, which is also suing Germany’s
Infineon and US-based International Rectifier (acquired by Infineon in 2015)
to defend its rights to use the patented GaN-on-Si technology developed by
Nitronex (which was acquired by MACOM for $26m in February 2014).

IR collaborated with Nitronex (and hence later MACOM) for many years.
MACOM now claims that Infineon has since tried to renegotiate the
Nitronex-IR agreements to reduce MACOM's rights (see page 34).

Such developments are given impetus by estimates that GaN revenue for
RF applications rose by nearly 50% in 2015, and will rise at a compound
average annual growth rate (CAAGR) of 17.5%, more than doubling to
nearly $688.5m in 2020, according to Strategy Analytics (see page 7).

Mark Telford, Editor M
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mark@semiconductor-today.com
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RF power semi market rising at 15.4% to $31bn by 2022

The RF power semiconductor market
is rising at a compound annual
growth rate (CAGR) of 15.4% from
$10.57bn in 2015 to $31.26bn in
2022, according to the report

‘RF Power Semiconductor Market
by Product (Power Amplifiers,
Passives, Switches, and Duplexers),
Material (Silicon, Gallium Nitride,
and Gallium Arsenide), Frequency,
Application (Consumer, and Aero-
space & Defense), and Geography
— Global Forecast to 2022’ from
MarketsandMarkets.

The use of power amplifiers for
long-term evolution (LTE) has
increased with the growing demand
for LTE. The transition to LTE requires
significant investment as the core
networks also need to be upgraded
for the change in wireless standard.
This will also drive demand for RF
power devices, boosting growth.
Another major factor driving
growth of the RF power semicon-
ductor market is the increased use

of smartphones.

Key role for RF power amplifiers
By device type, RF power amplifiers
are expected to comprise the largest
market share, dominating the

RF power semiconductor market
between 2016 and 2022 due to

the increasing adoption of power
amplifiers worldwide. The growing
preference for wireless connectivity
has driven the use of RF power
devices in wireless connectivity.

RF power amplifiers have appli-
cations in sectors such as aero-
space & defense, automotive,
medical, telecommunications and
data communications, and
consumer electronics.

Consumer applications held
largest market share in 2015
By application, consumer appli-
cations are expected to comprise
the largest market share, dominat-
ing the RF power semiconductor
market between 2016 and 2022.
The growing use of smartphones

and the demand for faster data
rates are the major drivers in the
consumer sector. The growth of LTE
is also one of the major drivers.
APAC to hold largest market
share and grow fastest

The Asia Pacific region (APAC) is
expected to hold the largest market
share (dominating the market
between 2016 and 2022) and to
grow the fastest (due to the estab-
lished electronics industry and the
adoption of innovative technolo-
gies). The RF power semiconductor
market in Asia-Pacific is expected
to grow at a high rate in consumer,
telecommunications and data com-
munications, and medical sectors,
among others. The increasing
number of players in the region is
further expected to drive growth in
APAC.
www.marketsandmarkets.com/
Market-Reports/rf-power-
semiconductor-market-
79671536.html

VLC/Li-Fi market to reach $101.3bn by 2024

The global VLC/Li-Fi market is
expected to grow from just
$454.8m in 2015 to $101.3bn by
2024, driven by increasing concern
over cyber security, according to a
report ‘Visible Light Communication
(VLC)/Light Fidelity (Li-Fi) Market
Analysis By Component (LED,
Photodetector, Microcontroller),

By Application (Retail, Automotive &
Transportation, Consumer Electron-
ics, Healthcare, Defense & Security
and Aviation) And Segment Fore-
casts To 2024’ by Grand View
Research Inc.

The growing need for ‘green’ tech-
nology solutions with low power
consumption is encouraging the
development of advanced commu-
nication systems, notes the report.
VLC is a disruptive technology and
is hence expected to seize a sub-
stantial share of the Wi-Fi market in

the near future. However, adoption
is at a nascent stage, with use
currently for niche applications.
Extensive R&D investment can
hence help market players to gain
a competitive advantage.

High illumination, longer life and
low power consumption of has led
to implementation of the LED as a
component in LiFi systems. Gov-
ernment promotion of smart LED
bulbs in developed countries such
as the USA and the UK is expected
to provide a massive infrastructure
base to VLC system providers.

The increasing application of
indoor location-based services
embedded with light fixtures in
retail shops and hotels is projected
to be one of the factors driving
revenue growth. Several companies
such as GE Lighting and ByteLight
Inc as well as Koninklijk Philips N.V.
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are deploying VLC installations in
supermarkets, which in turn is help-
ing retailers to gather customers’
shopping histories by tracking their
location details. This is helping the
retailers to deliver on-site informa-
tion tailored to a customer’s needs.
Advances in the automotive
industry are projected to enhance
commuter safety. This is being
executed through vehicle-to-vehicle
(V2V) and vehicle-to-the-roadside
(V2R) communication by installing
LEDs in the headlights and tail-
lights of the vehicle. However, high
installation and repair costs are
projected to obstruct the large-
scale implementation of these
systems, especially in emerging
economies.
www.grandviewresearch.com/
industry-analysis/visible-light-
communication-market
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RF GaN revenue more than doubling to $688.5m in 2020

China LTE base-station deployments drive commercial applications
over 60% of market in 2015, but defense to comprise 50% in 2020

Growing adoption of gallium nitride
(GaN) technology in RF applications
— coupled with the widespread
deployment of LTE base-stations in
China — drove an increase in RF
GaN revenue of nearly 50% in 2015,
according to the Strategy Analytics
Advanced Semiconductor Appli-
cations (ASA) service report ‘RF GaN
Market Update: 2015 — 2020". The
growth in the base-station segment
pushed the commercial portion of
the RF GaN revenue to more than
60% of the total in 2015, with
base-station applications specifically
comprising nearly 55%.

“The performance advantages of
GaN fit nicely with the requirements
of new LTE base-station power
amplifiers,” notes Advanced Semi-
conductor Applications service
director Eric Higham. “Despite an
anticipated decline in the base-
station power market, we anticipate
that GaN revenue will increase as
more equipment manufacturers
convert to the technology,” he adds.

“As countries undertake new
platform builds and retrofits, RF GaN
revenue in defense applications will
grow faster than the overall market,
bringing it on par with commercial

RF GaN revenue by 2020,” says
Asif Anwar, service director,
Advanced Defense Systems service.
So, driven by emerging system
requirements, RF GaN revenue in
the defense sector will rise from
nearly 38% of the total revenue in
2015 to just short of 50% in 2020.
Continuing growth in base-station
and defense applications collectively
will drive RF GaN revenue to rise at a
compound average annual growth
rate (CAAGR) of 17.5%, more than
doubling to nearly $688.5m in
2020, forecasts the report.
www.strategyanalytics.com/

LED market to grow at CAGR of nearly 17% until 2020

The global LED market is expected
to rise at a compound annual
growth rate (CAGR) of nearly 17%
until 2020, according to the report
‘Global LED Market 2016-2020’
from Technavio. The report covers
four application segments —
general lighting, backlighting,
automotive lighting, and others —
which in 2015 comprised 40.25%,
29.01%, 12.99%, and 17.75% of
total revenue, respectively.

“China supports the largest LED
industry in the world and accounts
for close to 30% of the world pro-
duction, thanks to tax benefits and
subsidies provided by the govern-
ment to its manufacturers,” says
Asif Gani, one of Technavio’s lead
analyst for semiconductor equip-
ment research. “The government of
India has launched similar projects
for promoting energy conservation,
and it is likely to draw massive
investments into the sector during
the forecast period,” he adds.
General lighting largest market
LED revenue for general lighting was
$5.76bn in 2015. The residential
market is the largest contributor to
revenue. Applications of LED lights
for residential purposes include
lighting in bathrooms, dining rooms,

www.semiconductor-today.com

hallways, and kitchens. LED lights
have emerged as the best replace-
ment option for fluorescent lights,
and are available in different styles,
helping to reduce energy usage.

In the USA, domestic users enjoy
federal tax credits (residential
energy-efficiency tax credits) for
improving the energy efficiency of
their homes. Similar incentives
formulated by governments across
the world will likely boost market
growth until 2020.

Backlighting second largest
The LED market in the backlighting
segment amounted to $4.15bn in
2015. The market is witnessing the
growing adoption of organic light-
emitting diode (OLED) technology
in applications such as smartphones
and televisions. OLEDs provide
high-quality picture content as well
as an overall thin frame. Most LED
companies are facing challenges in
the market due to price wars and
the oversupply of LED chips from
the Chinese market, which has
made companies shift from tradi-
tional LEDs to OLEDs.

For example, prominent vendors
like Samsung have drawn their
focus away from the LED TV market.
Similarly, Osram and Lite-On have

found growth opportunities in the
infrared (IR) LED market. Osram’s
third major business segment is IR
components, and this is helping
the firm to develop comprehensive
in-house products such as IR LED
and IR laser technology.

LEDs in automotive lighting

The LED market in the automotive
lighting segment amounted to
$1.86bn in 2015. Although LED
certification for automotive use
takes a long time and the entry
barrier for the supply chain is high,
the profits are attractive, notes
Technavio. This will likely draw
many companies into this segment.
Daytime running lights (DRLs) and
high/low-beam headlights are the
two major applications in automo-
tive lighting, which are expected to
yield high growth during the fore-
cast period. As consumers prefer
automotive headlights for their
aesthetic appeal and small size,
the demand for LEDs is expected to
surge. As the prices of LED lights
see a further decline, the adoption
of automotive LED lighting systems
will gradually shift from premium-
to medium-priced car models in the
future, concludes Technavio.
www.technavio.com
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Qorvo reports better-than-expected quarterly results
Diversification and highly integrated solutions to drive growth

For its fiscal fourth-quarter 2016
(to 2 April), Qorvo Inc of Greensboro,
NC and Hillsboro, OR, USA (which
provides core technologies and RF
solutions for mobile, infrastructure
and defense applications) has
reported revenue of $607.1m, down
2% on $620.7m last quarter and
4% on $633.9m a year ago, but
exceeding guidance of $600m (and
much better than typical seasonal-
ity). This reflects increased demand
for the firm’s highly integrated
solutions and a return to growth in
the broad target markets for Infra-
structure & Defense Products (IDP).
IDP revenue grew further to
$142m, up 9% on $130m last
quarter and 1.4% on $140m a year
ago. “IDP has repositioned its
diverse portfolio of businesses to
accelerate growth and we’ve begun
to see the benefit of that sharpened
focus,” notes president & CEO
Bob Bruggeworth. In Wireless
Infrastructure, revenue grew by
over 25% sequentially, indicating a
continued recovery to more historic
levels in base-station business.
“We enjoyed increasing demand
for Qorvo’s high-frequency and
high-power solutions across both
infrastructure deployments and
advanced defense application.”
Mobile Products’ revenue fell
further to $465m, down 5% on
$489m last quarter (which had
itself fallen 15% sequentially after
a late reduction in demand from
Qorvo’s largest customer) and
down 5.7% on $493m a year ago.
However, Qorvo saw content gains
in the Samsung Galaxy as well as
smartphone program ramps.
“During the March quarter, Qorvo
enjoyed strong customer demand
for our highly integrated solutions,
led by products incorporating our
premium filters,” notes Brugge-
worth, citing the firms expanding
family of tightly integrated compact
RF Fusion solutions that “leverage
our BAW [bulk acoustic wave] and
temperature-compensated SAW
[surface acoustic wave] filters, our

low-loss, high-throw-count SOI
[silicon-on-insulator] switches, and
our high-performance, low-noise
amplifiers [LNAs] to deliver perform-
ance that’s unmatched by competi-
tive solutions”. Specifically, in the
China market, the deployment of
carrier aggregation and the migra-
tion to full-mode devices is increas-
ing demand for the firm’s RF Flex
solutions, BAW-based quadplexers,
and a broad variety of antenna
control solutions. “We expect these
highly integrated solutions will
continue to drive our growth,” says
Bruggeworth. “Looking into calendar
2017, our customers in China are
asking us to integrate our premium
filters into RF Flex to reduce com-
plexity and enhance smartphone
performance as carrier aggregation
proliferates and bands and modes
are added,” he adds. “This strongly
favors our broad product portfolio
and integration capabilities.”

During the quarter, Qorvo had
three 10%-or-more customers: the
largest (representing the collective
demand from multiple subcontrac-
tors for this end customer) at about
33% of revenue (down from 37% a
year ago), plus China-based tele-
coms equipment maker Huawei
Technologies Co Ltd (a customer
for both Mobile Products and
Infrastructure & Defense Products),
and now joined by South Korea’s
Samsung (after greater-than-
expected growth).

On a non-GAAP basis, gross margin
was 50%, down slightly on 50.4%
a year ago but recovering from
47.9% last quarter after resolving a
yield issue on a few components.

Operating expenses were $142.9m,
up from $139.8m last quarter but
cut from $150.2m a year ago (and
below the forecasted $150m),
reflecting reduced variable com-
pensation expense.

Net income has fallen from
$167.2m ($1.11. per diluted share)
a year ago and $148m ($1.03 per
diluted share) last quarter to
$142.6m ($1.04 per diluted share).

Cash flow from operations was
$160.5m. Capital expenditure was
$84.4m (above the forecasted
$60-70m), primarily to address
growth and demand for premium
filters. Hence free cash flow was
$76.1m. After announcing a $500m
accelerated share repurchase (ASR)
program on 17 February, during the
quarter Qorvo repurchased about
10 million shares of common stock
(although, since the purchase
occurred about halfway through the
quarter, the impact on the March-
quarter share count was about
5 million shares). Overall, total
cash and investments hence fell
from over $1bn to $613m.

Strategic highlights of the quarter
are listed as:

@ delivering high-volume ship-
ments of BAW-based multiplexers
enabling carrier aggregation in

4G LTE devices in support of
China-based performance-tier
smartphone market;

® securing multiple design wins
with a leading China-based smart-
phone maker, supporting an
upcoming premium-tier marquee
smartphone platform with high-
band, mid-band and low-band RF
Fusion, an envelope tracking (ET)
power management integrated cir-
cuit (PMIC), multiple switches, and
multiple antenna control solutions;
® expanding its product portfolio
and achieving multiple design wins
across antenna control solutions,
aperture tuners, impedance tuners,
low-noise amplifiers, and discrete
switches;

® robust design-win activity in
mobile Wi-Fi with RF Fusion integ-
rated front-end modules (iFEMs)
and multiple Wi-Fi design wins for
automotive applications;

® securing a reference design on
Quantenna’s QSR10G Wi-Fi solution,
which enables the industry’s first
10G Wave 3 solution through a
True 8x8 MIMO configuration for
5GHz networks with a 4x4 MIMO
configuration for 2.4GHz networks;
and >

semiconductor TODAY Compounds & AdvancedsSilicon « Vol. 11 s Issue 4 « May/June 2016

www.semiconductor-today.com



News: Microelectronics 9

»> @ expanding the firm’s gallium nitride
(GaN) product portfolio and captur-
ing large international design wins
for products in both defense and
commercial (base-station) appli-
cations (a market that Qorvo
expects will grow at about 25%
year-over-year).

“Qorvo’s strong financial perform-
ance affords us multiple opportuni-
ties to invest our cash,” says chief
financial officer Steve Buhaly:
® Qorvo acquired GreenPeak
Technologies of Utrecht, The
Netherlands (a provider of ultra-low-
power, short-range RF solutions) to
expand into the rapidly growing
Internet of Things market. “"Green-
Peak has an expanding business
[with markets targeted to grow at
about 60% between now and 2020]
and customers all over the globe, a
great number of who are already
purchasing high-power solutions
from Qorvo,” says Bruggeworth.
GreenPeak will become a part of IDP
(as part of IDP’s ongoing migration
from a high single-digit growth rate
to a mid-teens growth rate, compa-
rable to the Mobile sector) and will
be run by its founder & CEO Cees
Links, a “recognized industry leader
who was instrumental in the
development and adoption of Wi-Fi
technology”, he adds. “We expect
GreenPeak’s ultra-low-power RF
solutions and SOCs [systems-on-a-
chip] for the connected home and
Internet of Things to nicely comple-
ment IDP’s industry-leading portfo-
lio of high-power solutions.”
® Qorvo began production of
6" temperature-compensated SAW
filters in Florida and 6” SAW filters
in Greensboro in order to support a
marquee smartphone this calendar
year. The firm is also in the final
days of qualifying its 8” BAW
process in Texas [Richardson].

“We are investing in our BAW
capacity to support increasing
customer forecasts. Our acquisition
of a former Maxim plant just a few
miles from our existing operation in
Richardson will provide low-cost
cleanroom capacity for the next leg
of BAW growth,” explains Buhaly.
“Our BAW-based hexaplexer proto-

types are demonstrating excellent
performance, and we've begun to
sample a highly integrated RF Fusion
that incorporates our hexaplexers.
We see strong growth and increas-
ing customer pull for these types of
solutions in the coming years,”
adds Bruggeworth. “We recently
acquired cleanroom space near our
Richardson [Texas] campus to
support customer demand for BAW
filters, whether they be in discrete
implementations, quadplexers,
pentaplexers, hexaplexers, diversity
receive modules or other highly
integrated RF solutions.” The facility
is already fully operational, and
Qorvo aims to incrementally convert
it to BAW in the second half of
calendar 2017 to support customer
programs. “As the industry’s leading
supplier of SAW, temp-comp SAW
and BAW devices, we are adding
capacity to keep pace with the
increasing customer demand for our
high-, mid- and low-band products.
In fact, Qorvo will soon be in
production with low-band PADs,
mid-band PADs and high-band PADs
[power amplifier duplexers] all in
premium-tier marquee LTE smart-
phones,” says Bruggeworth.
® Since the beginning of fiscal 2016,
Qorvo has returned about $1.3bn
to shareholders through share
repurchases. Qorvo expects to
repurchase an estimated 0.5 million
shares in the June quarter to
complete its accelerated share
repurchase program. The ASR is
part of Qorvo’s $1bn share repur-
chase program approved in
November 2015, of which about
$250m remains authorized for
future repurchases.

“We prioritize our uses of cash by
investing in our business to drive
growth, returning capital to share-

Qorvo has appointed Mark J. Murphy
as chief financial officer, reporting to
president & CEO Bob Bruggeworth.
He succeeds Steven J. Buhaly,
who previously announced his
retirement from the firm in 2016
and will remain as an advisor until
31 July.

holders through share repurchases,
and exploring opportunities for
M&A to supplement growth in IDP,”
notes Bruggeworth.

For fiscal first-quarter 2017
(to end-June 2016), Qorvo expects
revenue (excluding GreenPeak) to
grow 7% sequentially to $650m,
with Mobile Products up signifi-
cantly (outside of Qorvo's largest
customer), driven primarily by
continued content growth in China.
Gross margin should be steady at
50%, despite variable compensation
expense rising back to normal
(driving OpEx back above $150m),
aided by a higher mix of Mobile
products seasonally in the June
quarter. Diluted EPS should rise to
$1.05.

*I think we have, with that growth
rate, a good opportunity to see
fiscal year 2017 earnings per share
getting pretty close to $5 per share,”
says Buhaly. Achieving the firm’s
long-term model of 55% gross
margin will be aided by the migration
of BAW filters from 6" to 8” wafers,
and SAW and TC-SAW filters from
4" to 6" wafers (which each reduce
cost per die by as much as a third).
“We'll be consolidating our GaAs
production into a single foundry
over the next year and a half, and
insourcing assembling & test for
part of our Mobile business (the
part that used to belong to TriQuint)
— each of these have a significant
impact,” says Buhaly. “These will
occur throughout the year, but the
financial impact will be mostly in
fiscal 2018,” he adds. "We have a
fair amount of fixed costs, and
we will see scale benefits as we
continue to grow to the market at
what we expect will be a 10-15%
rate.”

WWW.Oorvo.com

“Mark brings proven public
company finance and operating
expertise from several large and
complex global companies and
will play a critical role in helping
us execute our strategic vision
for Qorvo’s growth,” says
Bruggeworth.

www.semiconductor-today.com
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Qorvo’s new small-cell PAs expand capacity and
enhance efficiency of LTE/LTE-Advanced networks

Qorvo Inc of Greensboro, NC and
Hillsboro, OR, USA (which provides
core technologies and RF solutions
for mobile, infrastructure and aero-
space/defense applications) has
launched a family of multi-stage
power amplifiers (PAs) for small-cell
base-stations to improve connectivity,
expand capacity and minimize
disruptions on LTE/LTE-Advanced
networks. The eight new PAs cover
3GPP bands between 1.8-2.4GHz
and are pin-for-pin compatible.
Qorvo’s newest family of small-cell
PAs targets distributed antenna
systems (DAS). The firm says that
systems using these PAs can elimi-
nate the need for linearization or
digital pre-distortion (DPD) correc-
tion, reducing system complexity.
“Multi-mode, multi-band small-cell
base-stations pose significant RF
challenges in terms of size, power-
added efficiency, and co-existence
between WLAN and cellular fre-
quency bands,” says Sumit Tomar,
general manager of Qorvo’s Wire-

less Infrastructure business unit.
“Qorvo has worked closely with
customers to address these RF
challenges to create a portfolio of
PAs, low-noise amplifiers (LNAs),
filters and duplexers to enable
carrier aggregation in small-cell
base-stations,” he adds.

“While mobile operators continue
to deploy outdoor macro-cell sites
to increase capacity, the wireless
industry is transitioning to in-building
wireless solutions,” comments
Earl Lum, president of EJL Wireless
Research LLC. “LTE/LTE-Advanced
drives the need to extend wireless
signal coverage indoors for corporate
offices, hospitals, shopping malls,
and other enterprise clients,” he
adds. “Distributed antenna systems
and carrier-grade OEM small-cell
solutions like Ericsson Radio Dot,
Huawei LampSite, Nokia Flexi Zone
and ZTE's Qcell are key technologies
that address the ever growing in-
building wireless coverage/capacity
problem.”

Qorvo’s multi-stage PAs integrate
matching in a low-cost surface-
mount package to allow for
compact system design. With linear
performance of -47dBc ACLR
(adjacent channel power ratio)
using a 20MHz LTE signal, the
TQP92xx product family
(1.805-1.88GHz band 3 TQP9218,
1.93-2.0GHz band 2/25 QPA9219,
2.01-2.17GHz band 1/4/10/34/66
TQP9221 and 2.3-2.4GHz band
30/40 TQP9224) provides 24dBm
average linear power, and the
TQP94xx family (1.805-1.88GHz
band 3 TQP9418, 1.93-2.0GHz
band 2/25 QPA9419, 2.01-2.17GHz
band 1/4/10/34/66 TQP9421 and
2.3-2.4GHz band 30/40 TQP9424)
provides 27dBm average linear
power. All listed products are in
production and available now.

Qorvo’s small-cell products were
showcased at the IEEE International
Microwave Symposium (IMS 2016)
in San Francisco (22-27 May).
WWW.qorvo.com

Qorvo unveils ZigBee 3.0 software development kit

At the CES Asia 2016 consumer
electronics show in Shanghai
(11-13 May), Qorvo announced
the availability of a ZigBee 3.0
software development kit (SDK)
for smart home gateways that
incorporate the new GP712 radio
communication controller chip from
GreenPeak Technologies (now the
Low Power Wireless business unit
of Qorvo, after the firm’s acquisition
last month). The ZigBee 3.0 SDK
allows application developers to
program a GP712-equipped gateway
to communicate seamlessly with
various sensors, controllers and
systems within the smart home.
The ZigBee 3.0 SDK includes
simplified software development
models (APIs) that enable quick
development of GP712-equipped
gateway products as part of com-
plete, end-to-end systems for the

smart home. The SDK architecture
is fully scalable and flexible, enabling
smooth integration of upcoming
standards such as Thread. When
combined with the GP712, the
SDK allows gateway manufacturers
to remain protocol agnostic and
support multiple communication
stacks in a single device.

“Our new SDK allows application
developers to quickly build a ZigBee
3.0-enabled gateway that functions
as the heart of the integrated
smart home,” says GreenPeak’s
founder & former CEO Cees Links
(now general manager of Qorvo’s
Low Power Wireless business unit).
“"GP712-enabled gateways serve
as the central point for information
gathering and routing of communi-
cation between sensors, controllers
and smart phone apps,” he adds.
“Smart services like home monitor-

ing, senior lifestyle, HVAC and light-
ing that use different communication
standards will be around for some
time. This SDK adds protocol intel-
ligence to the gateway, enabling it
to communicate simultaneously
using a variety of technologies, and
helps ensure compatibility with
current and future standards...
This important addition to our
portfolio will allow the smart home
market to continue to grow in a
future-proof way.”

The GP712 radio communication
controller chip enables optimal
coexistence of multiple smart home
systems based on the IEEE 802.15.4
standard, supporting ZigBee 3.0,
Thread, ZigBee RF4CE and ZigBee
Green Power in a single radio. True
multi-channel support enables the
protocol stacks to seamlessly com-
municate on different channels.
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Skyworks launches amplifier family for small-cell
infrastructure market, targeting 5G

Skyworks Solutions Inc of Woburn,
MA, USA (which manufactures
analog and mixed-signal semicon-
ductors) has launched a suite of
high-performance amplifiers specif-
ically addressing the rapidly grow-
ing small-cell infrastructure market.

As mobile devices and applications
supporting the Internet of Things
(IoT) transition to 5G technologies,
there will be an immediate and
substantial increase in network load
and an unprecedented deployment
of small-cell systems to help
improve network performance,
says Skyworks. The firm’s newest
products hence provide infrastruc-
ture OEMs with an entire portfolio
of solutions for next-generation
global cellular networks that
address multiple bands.

The new SKY66184-11,
SKY66185-11 and SKY66186-11
are compact devices designed for

FDD/TDD small-cell base-stations
and cover major LTE bands. High
gain and high linearity for optimal
performance with what is claimed
to be excellent output return loss
make them easy to use and mini-
mize the number of external com-
ponents. The solutions include an
integrated coupler for output power
monitoring and only require a single
3.3V power supply.

“Skyworks is enabling small-cell
infrastructure OEMs to radically
simplify their system architecture,”
says David Stasey, VP & general
manager of Diversified Analog

Solutions for
Skyworks. The small-cell

“Specifically, Mmarketis

our innovative estimated to

devices meet

stringent band _grow from $1bn
in 2015 to

requirements
in the global $6.7bn by 2020

landscape and provide our customers
with unmatched amplifier efficiency
and a lower bill of materials,” he
claims. “As a result, service providers
and consumers can enjoy better
network efficiency and lower costs.”

According to a February estimate
by the Small Cell Forum, the global
small-cell market is estimated to
grow from $1bn in annual equipment
sales in 2015 to $6.7bn by 2020,
with small cells accounting for 85%
of the radio access network (RAN)
hardware in a mobile operator’s
network.

Skyworks showcased its new
products and broad market solutions
portfolio at the IEEE International
Microwave Symposium (IMS 2016)
in San Francisco (24-26 May),
including giving live demonstrations
of the SKY66184-11.
www.skyworksinc.com/Products/969/
Amplifiers_for_Small_Cell_Applications

Front-end modules powering Iotera’s GPS-enabled tracking devices

Skyworks’ front-end modules are
being used by Iotera Inc of
Redwood City, CA, USA, which
provides wireless technologies for
Internet of Things (IoT) appli-
cations, across its family of IOTA
GPS-enabled tracking products.
Initially deployed for tracking pets,
the devices are now being utilized
to protect vehicles, bicycles and
other personal items.

Tracking is becoming an increas-
ingly important opportunity as the
Internet of Things explosion prolif-
erates and encompasses a wide
range of new and previously
unimagined applications ranging
from smart meters and connected
vehicles, to security systems and
industrial uses. Skyworks says
that its connectivity solutions
extend the range and maximize
battery life in these types of devices.

“Skyworks is intensely focused on
enabling a broad range of appli-
cations spanning the Internet of

Things,” says John O’Neill, VP of
broad markets. “This partnership
is yet another example of how
Skyworks is leveraging its broad
product portfolio and systems
expertise to create a first-mover
advantage for new applications,”
he adds.

“Skyworks has been a vital partner
as we developed our proprietary
platform,” notes Iotera’s CEO
Ben Wild. “Their solutions have
enabled us to build the world’s
smallest, real-time GPS tracking
devices with industry-leading
battery life.”

Iotera’s IOTA GPS-enabled
trackers use Skyworks’ SE2435L,
a highly integrated RF front-end
module designed for high-power
industrial, scientific & medical
(ISM)-band applications. Other
applications include smart meters,
in-home appliances and smart
thermostats. The device includes
an integrated power amplifier,

semiconductor TODAY Compounds & AdvancedsSilicon « Vol. 11 « Issue 4 « May/June 2016

a low-noise amplifier (LNA) and
antenna switching with
transmit/receive diversity function.

Long-range device tracking with-
out the need for monthly fees is
quickly growing in popularity as
people become aware of these
products and services. According
to an April Global Market Insights
report, the consumer global pet-
wearable market alone is expected
to exceed $2bn by 2023, driven
largely by the rising demand for
remote monitoring and tracking of
pets. More broadly, IDC is expecting
global wearable device shipments
to grow by 128% from 76.1 million
units in 2015 to 173.4 million by
2019. In the industrial segment,
General Electric estimates
connected industrial machinery will
add $10-15 trillion to the global
GDP within the next 20 years.
www.iotera.com
www.skyworksinc.com/Product/
938/SE2435L

www.semiconductor-today.com
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Skyworks’ quarterly revenue up slightly year-on-year

OpEx control grows margin and earnings in seasonally down quarter

For fiscal second-quarter 2016 (to
1 April), Skyworks Solutions Inc of
Woburn, MA, USA (which manufac-
tures analog and mixed-signal
semiconductors) has reported
revenue of $775.1m, down 16% on
$926.8m last quarter but up 1.7%
on $762.1m a year ago.

As a proportion of total revenue,
power amplifiers (PAs) comprised
17%, integrated mobile systems
(IMS) 58%, and broad markets
25%. “We saw healthy growth in
both integrated mobile systems
and broad markets,” says chief
financial officer & executive VP
Donald W. Palette. “Our broad
markets portfolio grew over 18%
year-over-year.”

On a non-GAAP basis, gross mar-
gin was 50.8%, down from 51.4%
last quarter but up on 46.7% a
year ago.

Operating expenses were less
than the expected $109.5m, falling
back to $108.6m ($73.1m on R&D
and $35.5m on SG&A).

“Our gross margin initiatives and
operating expense discipline
enabled us to both expand margins
and earnings in a seasonally down
quarter,” notes chairman & CEO
David J. Aldrich.

Operating income was $285m
(operating margin of 36.8%), down
from $366.6m (margin of 39.6%)
last quarter but up on $258.9m
(operating margin of 34%) a year
ago. Likewise, net income was
$242.3m ($1.25 per diluted share,
$0.01 better than guidance), down
on $311.2m ($1.60 per diluted
share) last quarter but up on
$224.6m ($1.15 per diluted share)
a year ago.

Cash flow generated from opera-
tions was $154.5m. Skyworks
invested $37m in capital expenditure
(cut from $79.5m last quarter), with
depreciation of $53.6m. The firm
also repurchased 2 million shares
of its common stock at an average
price of just over $67.50 a share.
During the quarter, cash and cash
equivalents hence fell from $1233m

to $1177m (while Skyworks has no
debt). “Given our confidence in our
long-term business trends, we
expect to continue to be very active
with our share repurchase activity
at current levels,” says Palette.

Also, Skyworks’ board of directors
has declared a cash dividend of
$0.26 per share of common stock,
payable on 2 June to stockholders
of record at the close of business
on 12 May.

“Driven by our increasing diversifi-
cation and differentiated product
portfolio, we delivered another solid
financial performance for the sec-
ond fiscal quarter of 2016, posting
year-over-year growth in revenue,
profitability and earnings, even as
we navigated through a combi-
nation of inventory adjustments
and forecast reductions at one of
our major customers,” summarizes
Aldrich.

Business highlights cited during
fiscal second-quarter 2016 include
the following:
® delivering the world’s first
front-end solution optimized for LTE
Cat-M (machine-to-machine) appli-
cations;
® partnering with leading infra-
structure provider to deliver the first
commercial Gigabit LTE system;
® unveiling SkyBlue (technology that
enhances RF power capability and
efficiency in front-end solutions);
® powering Huawei’s P9 flagship
LTE platform with 10 solutions;
® expanding the list of OEMs lever-
aging SkyOne integrated platform;
® increasing blended content by
20% across Samsung’s Galaxy S7
smartphones;
® supporting next-generation
launches at Lenovo, OPPO, Vivo,
Xiaomi and ZTE;
® powering Cisco’s large enterprise
access point system with 16 analog
solutions;
® enabling Iotera’s GPS industrial
tracking devices; and
® leveraging connectivity modules
to power Arris and Liberty Global
set-top boxes.
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“Looking ahead, we are well
positioned to continue capitalizing
on the powerful connectivity and
Internet of Things trends as we
deliver higher-value solutions with
superior performance and functional-
ity across new markets, applications
and customers,” says Aldrich.

“We continue to expect IMS to
remain our strongest growth seg-
ment, followed by broad markets,
while power amplifier products con-
tinue to decline as a percentage of
our revenue as the market shifts
towards higher-value integrated
solutions,” says Palette.

“During the June quarter we expect
to be impacted by an inventory
adjustment at a large customer,
partially offset with gains across
broad markets and crisp operational
execution,” says Palette.

Hence, for its fiscal third-quarter
2016, Skyworks expects revenue to
fall to $750m (down on $810m a
year previously), with softness at
the firm’s largest customer being
partially offset by strong year-on-
year growth at Samsung, in China,
and across the broad markets.
Nevertheless, gross margin should
rise to 51%. “Our strong gross
margin outlook in the face of current
market conditions highlights the
benefits of our higher-value
integrated systems, along with our
scale and flexible manufacturing
operations,” notes Palette. Operating
expenses should be roughly level at
$108.5m. Diluted earnings per
share should fall to $1.21.

“Looking ahead, we see opportunity
for additional margin improvement,
as we continue to ramp our custom
solutions and leverage our recent
capital investments,” says Palette.
“We recommend modeling a 60%
incremental gross margin off of the
third-quarter baseline,” he adds.
“We continue to target a goal of at
least 53% gross margin for the
company, and have a number of
initiatives in place to accelerate our
progress towards achieving this.”
www.skyworksinc.com

www.semiconductor-today.com
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Skyw

orks names Liam Griffin as chief executive officer;

David Aldrich to become executive chairman

Skyworks Solutions Inc of Woburn,
MA, USA (which manufactures
analog and mixed-signal semicon-
ductors) says that its board of
directors has appointed president
Liam K. Griffin as CEO. Griffin was
also elected to the board. David J.
Aldrich, CEO since 2000, will
assume the newly established role
of executive chairman and continue
to serve as chairman of the board.
Skyworks says that it has sub-
stantially outpaced the broader
semiconductor market, growing
revenue at a 25% annual rate from
$1.1bnin fiscal 2010 to over
$3.2bn in fiscal 2015. In parallel,
the firm has maintained a leader-
ship succession planning process to
ensure that the organization con-
tinues to follow this path in future.
“Liam Griffin has become Skyworks’
chief executive officer as we
capitalize on the enormous global
mobility and Internet of Things
opportunities ahead of us,” says
Aldrich. “Liam has a demonstrated
track record of success, and our
proven partnership over 15 years
makes him my logical successor. He
is a highly energetic and motivating
leader who is widely respected

amongst our customers, partners,
suppliers and investors as well as
the entire Skyworks employee base,”
he adds. “Liam has the unique ability
to translate challenging operational
plans into market outperformance
through his intense focus and
unyielding tenacity.”

As executive chairman, Aldrich will
support the management transition
and work with the leadership team
to develop long-term strategy.
Aldrich has served as CEO of Sky-
works and its predecessor Alpha
Industries since 2000. Annual rev-
enue grew from $126m in 1999,
when he became president & CEO,
to over $3.2bn as of fiscal 2015,
while operating income increased
7477%.

SO Aldrich will
Griffin joined
Skyworks in support the
August 2001 as  management
head of sales & transition
marketing. His
and work

responsibilities
have continuously With the
expanded with his Jleadership
Ieader,shlp‘of Sky- team to

works’ business

units, R&D efforts develop long-

and operations.  term strategy

In 2011, he was promoted to
executive VP and in May 2014 was
named president. Griffin has been
a key architect of the strategy to
cement the firm’s position in mobile
communications while diversifying
across the Internet of Things.
Before joining Skyworks, Griffin
was VP of worldwide sales at Dover
Corp and held product management
and process engineering positions
at AT&T’s Microelectronics and Net-
work Systems businesses. Griffin
received a Bachelor of Science
degree in mechanical engineering
from the University of Massachusetts
and a Master of Business Administra-
tion degree from Boston University.
“Over the past 17 years, Dave
Aldrich’s vision and leadership have
built Skyworks into one of the
largest and fastest-growing semi-
conductor companies in the world,”
comments Griffin. “*We have created
an awesome platform for analog,
mixed-signal and RF product integ-
ration leveraging our OEM relation-
ships and operational scale,” he adds.
"I look forward to continuing to
work closely with Dave and building
upon all of his achievements.”
www.skyworksinc.com

Skyworks adds next-generation Wi-Fi front-end modules to extend
connectivity range and boost smartphone performance

Skyworks has expanded its mobile
connectivity product portfolio by
adding several new wireless net-
working solutions. The new front-
end modules leverage proprietary
design techniques to extend the
range of connected devices and
improve overall system perform-
ance — in a much smaller footprint
than alternative options available
currently on the market, it is
claimed.

According to Cisco VNI Mobile,
smartphones and phablets are
expected to comprise nearly 50%
of all global devices by 2020, with
more than half of all traffic from

these platforms being offloaded to
fixed networks by Wi-Fi. OEMs are
hence seeking high-performance
solutions that can manage this
amount of data and deliver a
seamless consumer experience.

The new SKY85312-11 and
SKY85720-11 contain integrated
power amplifiers and low-noise
amplifiers, enhancing transmit
power and improving system-on-
a-chip receiver sensitivity, respec-
tively. Integrated switches and
power detectors also eliminate the
need for external components and
enable power setting without
external couplers.

“Skyworks’ next-generation Wi-Fi
front-end modules provide a highly
integrated, turnkey solution for
smartphones and Internet of Things
applications,” says Bill Vaillancourt,
VP & general manager of Mobile
Connectivity for Skyworks. “Given
our systems expertise, we simplify
increasingly complex front-end
requirements for our customers
and, in turn, enable unprece-
dented connectivity with gains in
speed and range.”
www.skyworksinc.com/Product/
3160/SKY85312-11
www.skyworksinc.com/Product/
3161/SKY85720-11

www.semiconductor-today.com
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TowerJazz begins mass production of integrated

SiGe-based ‘front-end module on a chip’ RF platform
tailored for Internet of Things

Specialty foundry Towerlazz
(which has fabrication plants at
Tower Semiconductor Ltd in
Migdal Haemek, Israel, and at its
subsidiaries Jazz Semiconductor
Inc in Newport Beach, CA, USA
and TowerJazz Japan Ltd) has
announced volume production of a
new RF technology capable of
integrating a wireless front-end
module (FEM) on a single chip,
tailored to meet Internet of Things
(IoT) applications. Analysts estimate
that the number of IoT connected
devices will grow at 15-20% annu-
ally, reaching up to 30 billion units
by 2020. McKinsey Global Institute
recently estimated that IoT could
generate up to $11 trillion by 2025.
The TowerJazz process enables
integration of power amplifiers (PAs),
switches, and low-noise amplifiers
as well as CMOS digital and power
control on a single die. Towerlazz is
delivering this product now for
smartphones, tablets and wearables,
and the technology also meets the
more universal requirements of IoT
applications by providing hat are
claimed to be cost, power, perform-

ance and form-factor benefits
versus competing solutions.

As an example, Towerlazz has
partnered with Skyworks Solutions
Inc of Woburn, MA, USA
(which manufactures analog and
mixed-signal semiconductors) to
deliver a first-of-its-kind integrated
wireless FEM using this technology.
“We are pleased that our long
partnership with TowerJazz on SiGe
BiCMOS for PA-based products is
now in volume production for key
customers of Skyworks,” says
Bill Vaillancourt, general manager
& VP Skyworks Connectivity
Solutions.

TowerJazz's new RF technology
includes a 0.18um silicon germanium
(SiGe) PA device with what is claimed
to be best-in-class silicon-based
performance, a low R,,—C. switch
device, a SiGe low-noise amplifier
(LNA), 5V CMOS for power control,
0.18um CMOS for integrating MIPI
or other digital content as well as
thick copper (Cu) metal layers for
low-loss inductors and matching
components. By offering all active
components typically required for a

wireless FEM, the technology
enables a new family of products
that can integrate multiple commu-
nication standards (WiFi, Bluetooth,
802.15.4 or NFC) that form the
backbone of the IoT fabric today
onto the same chip.

“This new technology complements
our existing suite of SiGe PA and
RF SOI [silicon-on-insulator] switch
technology offerings and provides
customers new architectural options
by enabling the combination of
these elements on a single die while
offering best-in-class silicon-based PA
performance,” says Marco Racanelli,
senior VP & general manager of
RF/High Performance Analog and
US Aerospace & Defense Business
Groups, and Newport Beach Site
Manager, TowerJazz.

TowerJazz exhibited and demon-
strated its process technologies
for specialty IC manufacturing at
IEEE’s International Microwave
Symposium (IMS 2016) in
San Francisco (22-27 May).
www.ims2016.org
www.towerjazz.com
www.skyworksinc.com

Analog Devices’ silicon SPDT switch cuts size and power
consumption in cellular radio RF front ends

Analog Devices Inc (ADI) of Norwood,
MA, USA (which provides ICs for
analog and digital signal processing
applications) has launched a
high-power (44W peak) single-pole,
double-throw (SPDT) silicon switch
that enables designers to reduce
hardware size and bias power con-
sumption in cellular radio systems.

As the next generation of
communications infrastructure
trends toward higher data capacity,
cellular radio front-ends must scale
down in size and provide faster
speeds to meet the demands of
increased data usage, notes the
firm.

Housed in a small 4mm x 4mm
LFCSP SMT package, the new
ADRF5130 switch meets these
requirements through a high level
of integration that eliminates the
need for external components, says
ADI. The switch also reduces power
consumption to more efficient levels
by operating on a single low-voltage
supply with low current consumption
compared with existing pin-diode-
based solutions, it is claimed.

The ADRF5130 is specified at
0.7-3.5GHz frequency band with
typical 0.6dB insertion-loss, high
isolation of 50dB, linearity of +68dBm
and peak power handling of 44W

during continuous operation mode.
The device features robust 2000V
electro-static-discharge protection
on all device pins. It also incorpo-
rates a fast CMOS-compatible con-
trol interface with switching time of
less than 1ps. Also, a symmetrical
circuit architecture allows the RF
inputs to be used interchangeably
in high-power applications.

The ADRF5130BCPZ is available
as samples now, and will be in full
production in July, priced at
$10.04 each in 1000-unit quantities.
The ADRF5130-EVAL-Z evaluation
board will be priced at $99.

www.analog.com
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Mouser to distribute Guerrilla RF’s products globally

Mouser Electronics Inc has signed
an exclusive global distribution deal
with Guerrilla RF Inc of Greensboro,
NC, USA, which provides monolithic
microwave integrated circuits
(MMICs) to wireless infrastructure
original equipment manufacturers.
Guerrilla’s RF product line comprises
four series of low-noise amplifiers.
The GRF205x series ultra-LNAs
claim exceptional noise figure, gain
and linearity, and support a wide
range of LNA applications. The
devices’ flexible application circuits
result in simple, low-cost implemen-
tations that allow for optimal effi-
ciency and reuse, says Guerrilla RF.
The GRF2501 high-gain ultra-LNA
is designed for IEEE 802.11a/n/ac/p
applications in the 5GHz band
(4.9-6.0GHz). The device exhibits
de-embedded noise figures (NFs)
as low as 0.80dB across the band.
It uses a single supply voltage of
2.7-5.0V, with typical bias condition
of 3.3V and 12mA. The GRF2505 is

a broadband ultra-low-noise linear
amplifier for demanding 802.11ac
and wireless backhaul LNA and
power amplifier (PA) driver appli-
cations. It exhibits what is claimed
to be outstanding broadband NF,
linearity and return losses over
4.0-6.0GHz with a single match.
The GRF2505 operates from a single
positive supply of 1.8-5.0V with a
selectable Ippg range of 20-70mA
for optimal efficiency and linearity.
It is internally matched to 50Q2 at
the input and output ports, requiring
only seven external resistor, inductor
and capacitor (RLC) components.
The GRF400x series of broadband
low-noise gain blocks is designed for
small-cell, wireless infrastructures.
The devices exhibit what is claimed
to be outstanding RF performance
over multiple GHz bandwidths with
little or no external RF matching,
with supply voltages of 1.8-5.0V.
Bias currents can be set independ-
ently from Vg4, allowing a linear

solution with optimal efficiency. The
amplifiers suit applications requiring
first- or second-stage LNA, or can
be used as linear transmit drivers.
The GRF4042 is a high-performance
amplifier that offers bypass func-
tionality and incorporates Guerrilla
Armor technology, which provides
high off-state isolation even in the
presence of high-RF input powers.
This isolation is especially useful in
TDD systems in which significant
transmitter RF power can leak into
the transceiver receive path.

The GRF50x0 Power LNA series
consists of high-power, low-noise
devices that, with simple matching,
can be tuned to cover 100MHz up
to 6.0GHz (100MHz to 3.8GHz for
the GRF5040) with fractional band-
widths greater than 20%. Devices
are suitable for multi-stage LNA
applications, microwave backhaul,
and distributed antenna systems.
http:/ /guerrilla-rf.com
www.mouser.com/guerrilla-rf
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MACOM samples new E-band Tx and Rx modules
to accelerate evolution to higher-capacity backhaul

MACOM Technology Solutions
Holdings Inc of Lowell, MA, USA
(which makes semiconductors,
components and subassemblies for
analog RF, microwave, millimeter-
wave and photonic applications)
has begun sample shipments of its
MAMF-011057 and the MADC-011014
highly integrated E-band
transceiver (Tx) and receiver (Rx)
modules, which are designed to
meet the needs of the emerging
wideband cellular backhaul and

5G millimeter-wave market.

Helping to accelerate the evolution
to higher-capacity backhaul, MACOM
says that its surface-mountable
E-band Tx and Rx modules simplify
the design and manufacturing of
low-cost E-band point-to-point
radios. The firm’s E-band module
solution was featured in a 5G
millimeter-wave product demon-
stration at the IEEE International
Microwave Symposium (IMS 2016)
in San Francisco (24-27 May).

The MAMF-011057 is a transceiver
featuring a balanced IR mixer, x8
LO multiplier, envelope detector, RF
buffer amplifier, RF power amplifier
and output power detector in a
small-form-factor surface-mount

module. The module operates at
71-86GHz and is designed to be
used in direct conversion applications.
The output of the Tx module is a
WR12 interface for ease of use.
The MADC-011014 is a receiver
module integrating a balanced IR
mixer with a x8 LO multiplier and
low-noise amplifier (LNA) into a
small-form-factor surface-mount
module. The device operates at
71-86GHz and is designed to be
used in direct down-conversion

applications. Helping to

The RF input

to the Rx accelerate the
moduleisa €volution to
WR12 inter- higher-capacity
face for ease packhaul

of use. MACOM !

MACOM VPl says
complements that its surface-
these E-band mountable
wi‘zs‘i\';sat . E-band Tx and Rx
caims are Modules simplify
best-in-class the design and
phlatse‘”o'se manufacturing of
voltage- _ _
controlled Iov_v cost E I_Jand
oscillators point-to-point
(VCOs) radios

matched to the module require-
ments for a total solution.

MACOM reckons that these
modules simplify the design of
wireless backhaul E-band radios and
that their high integration levels
help to reduce overall E-band radio
bill-of-materials (BOM) costs.

The firm hence anticipates that

the modules will play a key role in
lowering E-band cost of ownership
and growing the footprint of E-band
radios within the network operator
wireless backhaul space.

“Market and customer feedback
on our initial samples of the E-band
Tx and Rx modules has been very
positive, as evidenced by multiple
design wins at tier-1 OEMs,” says
Preet Virk, senior VP & general
manager, Carrier Networks, MACOM.
“The E-band market is primed for
explosive growth and our innovative
modules, offering best-in-class
performance, are seen as a key
component enabling the viable
establishment of E-band as a high-
capacity solution for cellular back-
haul,” he adds. “We look forward to
several production ramps expected
to commence in late 2016.”
www.macom.com/wirelessinfra

MACOM adds 3GHz two-stage, 1W driver amplifier to MMIC portfolio

MACOM Technology Solutions
Holdings Inc of Lowell, MA, USA
(which makes semiconductors,
components and subassemblies for
analog RF, microwave, millimeter-
wave and photonic applications)
has launched the MAAP-011232,
a two-stage, 1W driver amplifier
featuring gain shut off and
operating from 100MHz to 3GHz.
The device is suited to both driver
and power requirements across a
broad range of applications,
including land-mobile-radio,
military communications, sensors,
telemetry, test & measurement
and satellite communications.

The MAAP-011232 features a

typical gain of 23dB and up 40%
power-added efficiency. The device
can be operated at a drain supply
voltage between 5V and 9V and
consumes less than 300mA at a
maximum output power of 1W.
The MAAP-011232 is fully matched
while operating in the 100MHz to
1GHz frequency range and can
be tuned with input matched to
perform up to 3GHz. The device is
offered in a 3mm 16-lead PQFN
plastic package.

“The MAAP-011232 was designed
to offer customers excellent
power and drive performance over
a broad frequency range,” says
Paul Beasly, product manager,

RF & Microwave. “The high gain
and enable function can replace
the need for additional gain blocks
and/or attenuators in customers’
systems, which makes the device
an ideal candidate for applications
that require a small footprint and
surface-mount solution,” Beasly
adds.

Production quantities and
samples of MAAP-011232 are
available from stock. MACOM
featured its MMIC portfolio at
IEEE’s International Microwave
Symposium (IMS) 2016 in
San Francisco (22-27 May).
www.macom.com/products/
product-detail/MAAP-011232
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X-Microwave adds Peregrine’s RF products to online
simulation and prototype system

In a newly announced collaboration,
the RF products of Peregrine Semi-
conductor Corp of San Diego, CA,
USA — a fabless provider of
radio-frequency integrated circuits
(RFICs) based on silicon-on-insulator
(SOI) — will be added to the online
simulation tool and hardware proto-
typing system of modular system
design firm X-Microwave LLC of
Round Rock, TX, USA.

X-Microwave’s modular building-
block system X-MWsystem simplifies
the modular design process and
enables RF engineers to easily
simulate and prototype RF and
microwave circuits. To kick off the
new collaboration, 16 Peregrine
products are being added to the
X-Microwave system as drop-in
X-MWblock components.

At the heart of X-Microwave's
system is an X-MWblock portfolio of
hundreds of physically compatible,
drop-in or drop-on components,

which are highly characterized and
modeled with X-parameters and
S-parameters at the system block
level. To create a modular design,
X-Microwave provides a free,
non-linear online simulation tool
that leverages Keysight's Genesys
Spectrasys engine. After simulation,
X-MWblock drop-in components are
used to prototype systems through
X-Microwave'’s prototype station for
testing, aligning and configuring
integrated microwave assemblies
up to 50GHz. Finally, the same
X-MWhblock components can be
moved from the prototype station
directly to machined housings for
production hardware, eliminating
the need for custom layouts.

“From a concept to final production
hardware, X-Microwave streamlines
the complete design process,” says
X-Microwave'’s president & CEO
John Richardson. “Peregrine’s
impressive RF product portfolio is an

important addition to the X-Microwave
building-block system,” he adds.
“Our users will benefit from the
ability to drop in Peregrine’s products
into their X-Microwave-based
modular designs.”

The Peregrine products now avail-
able in the X-Microwave system
include RF switches, digital step
attenuators (DSASs), tuning control
switches, power limiters, and
monolithic phase and amplitude
controllers (MPACs).

“X-Microwave offers a solution for
RF engineers who need a sophisti-
cated evaluation platform for system
design simulations and quick proto-
typing,” comments Peregrine’s
director of marketing Kinana Hussain.
“X-Microwave’s innovative system
provides another avenue for our
customers to evaluate our industry-
leading RF products, especially in
higher frequencies.”
www.psemi.com

Anokiwave extends SATCOM Core IC family to Ka-band
Tx in quad or octal element configuration

Anokiwave Inc of San Diego, CA,
USA, which provides highly integ-
rated silicon core chips and III-V
front-end integrated circuits for
millimeter-wave (mmW) markets
and active electronically scanned
array (AESA)-based terminals, has
launched the Ka-band Tx Core IC
family for earth terminal SATCOM
applications. Coupled with Anoki-
wave’s K-band SATCOM Rx ICs, the
Tx IC family provide a complete
K/Ka-band earth terminal solution
enabling auto-alignment of fixed
earth terminals and auto pointing
for SATCOM-on-the-move appli-
cations using GEO satellite space
assets.

Operating at 27.5-30.0GHz, the
AWMF-0109 supports four dual-
polarization elements with full pro-
grammable polarization flexibility
and 5-bit phase and gain control,

www.semiconductor-today.com

while the AWMF-0113 supports
eight single-polarization elements.
Each device provides 22dB of gain
per channel with +12dBm output
power per polarization. Additional
features include system-controlled
gain compensation over tempera-
ture and temperature reporting via
the serial control interface bus.
Anokiwave’s patent-pending IP
blocks implemented in silicon tech-
nology enable planar antenna design
at K- and Ka-band with reduced
system size, weight and cost.

“The Ka-band Tx IC family is an
important addition to our product
offering for SATCOM and we believe
this solution will set a new standard
in the industry for AESA multi-ele-
ment beam-forming SATCOM ICs,”
says CEO Robert Donahue. “Afford-
able AESAs are critical to enable
rapidly emerging SATCOM-on-the-

move terminals that leverage the
ever increasing capacity of GEO
satellites.”

The AWMF-0109 is a highly integ-
rated transmit IC in a commercial
QFN-style surface-mount plastic
package with dimensions of 6mm x
6mm x 0.9mm, easily fitting within
the typical 5mm lattice spacing at
30GHz. The IC is controlled though
a 5-wire serial-to-parallel interface
(SPI) bus and has ESD protection
on all pins.

Anokiwave offers innovator kits
and evaluation kits for early access
to the technology. Kits include
boards with the Ka-band IC, a USB-
SPI interface module with drivers,
and all required cables. Pilot pro-
duction deliveries are available in
June, with full production quantities
available in fourth-quarter 2016.
www.anokiwave.com
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Purdue develops high-efficiency SOI CMOS power

amplifier for 5G cell phones and next-generation radar
Efficiency of 40% comparable to GaAs-based amplifiers

A new highly efficient power amplifier
(PA) based on silicon-on-insulator
(SOI) CMOS could help to make
possible next-generation cell phones,
low-cost collision-avoidance radar
for cars and lightweight micro-
satellites for communications, say
researchers at Purdue University.

Fifth-generation (5G) mobile
devices (expected around 2019) will
require improved power amplifiers
operating at very high frequencies.
The new phones will be designed to
download and transmit data and
videos faster than existing phones,
provide better coverage, consume
less power and meet the needs of
an emerging Internet of Things in
which everyday objects have net-
work connectivity, allowing them to
send and receive data.

Because existing cell-phone power
amplifiers for transmitting signals
are made of gallium arsenide (GaAs),
they cannot be integrated into the
phone’s silicon-based complemen-
tary metal-oxide-semiconductor
(CMOS) technology. Since the new
amplifier design is CMOS-based, it
could allow researchers to integrate
the power amplifier with the phone’s
electronic chip, reducing manufac-
turing costs and power consumption
while boosting performance.

“Silicon is much less expensive
than gallium arsenide, more reliable
and has a longer lifespan, and if you
have everything on one chip it's
also easier to test and maintain,”
says Saeed Mohammadi, associate
professor of electrical and computer
engineering at Purdue University.
“We have developed the highest-
efficiency CMOS power amplifier in
the frequency range needed for 5G
cell phones and next-generation
radars.” The amplifier achieves an
efficiency of 40%, comparable to
amplifiers made of gallium
arsenide, it is reckoned.

Findings are detailed in two papers
presented on 24 May at the IEEE
International Microwave Symposium
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insulator (SOI) CMOS
technology. The new
amplifier design has
several silicon transis-
tors stacked together
and reduces the
number of metal inter-
connections normally
needed between tran-
sistors, reducing para-
sitic capacitance (which
hinders performance
and can lead to damage
to electronic circuits).
“We have merged
transistors, so we are
using less metallization
around the device, and
that way we have
reduced the capacitance
and can achieve higher
efficiencies,” says
Mohammadi. “We are
trying to eliminate
metallization between
transistors.”

The new amplifiers
could also bring about
low-cost collision-avoid-
ance radars for cars and
electronics for light-
weight communications
microsatellites. Specifi-
cally, the CMOS ampli-
fiers could allow
researchers to design

Standard layout of transistors in cell-phone power
amplifiers (left) and new highly efficient amplifier
design (right). The new design could help to make
possible next-generation cell phones, low-cost

collision-avoidance radar for cars, and lightweight

microsatellites for communications.

(IMS2016) in San Francisco,
authored by former doctoral student
Sultan R. Helmi together with
Mohammadi. They also authored
another paper with former doctoral
student Jing-Hwa Chen, to appear
in an issue of IEEE Transactions on
Microwave Theory and Techniques.
The researchers created the new
type of amplifier using silicon-on-
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microsatellites that are
one-hundredth the
weight of existing tech-
nology.

The research was
funded partially by the
US Defense Advanced
Research Projects Agency (DARPA),
and three US patents related to the
amplifier have been issued.

The researchers are currently
working on a new version of the
amplifier that is twice as powerful.
Further work will be needed to
integrate the amplifier into a cell-
phone chip.
www.purdue.edu
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Custom MMIC moves to new corporate HQ, including
expanded engineering and manufacturing Labs

To support its rapid growth,
Custom MMIC has moved its
offices from Westford, MA to
300 Apollo Drive, Chelmsford,
MA 01824. All other contact
information, including phone
numbers, remains the same.
The new headquarters pro-
vides a threefold increase in
office space for the firm'’s
growing staff as well as
increasing lab space. “Our sep-
arate engineering and manu-
facturing labs, along with our
new automated equipment,

Custom MMIC’s new
headquarters in
Chelmsford, which
provides a threefold
increase in office space
| as well as increased lab
space.

will allow for efficient
development and pro-
duction of our growing
= portfolio of high per-
formance MMICs,” says
president Paul Blount.
www.custommmic.com

Custom MMIC launches BroadRange distributed amplifier family

Monolithic microwave integrated
circuit developer Custom MMIC of
Westford, MA, USA has developed
the BroadRange Distributed Ampli-
fier family, with bandwidths from
DC to 50GHz.

The product line consists of over
ten released products, together
with five more unveiled at IEEE’s
International Microwave Symposium
(IMS) in San Francisco (22-27 May).

The amplifiers are provided in
low-profile die or QFN packaged
and offer single positive supply
operation, positive gain slope over
frequency, and 50Q2 matching for
ease of design, smaller and lower-
power systems.

The amplifiers have low bias volt-
age requirements down to 3V and
bias currents as low as 32mA.
With DC to 50GHz bandwidth,

output third-order intercept point
(OIP3) of 22-32dBm, output
power at 1dB gain compression
(P1dB) of 12-29dBm, and
saturated output power (Psat) of
12-29dBm, the BroadRange
Distributed Amplifier family is suit-
able for electronic warfare (EW),
wideband communication, and
instrumentation applications.
www.ims2016.org

DC—-18GHz switches and DC—22GHz and 26—35GHz amplifiers

At the IEEE International Microwave
Symposium (IMS) in San Francisco
(24-27 May), Custom MMIC featured
a range of new high-performance
microwave amplifiers and switches
with ultra-wideband operation.
DC-18GHz SP3T and SP5T
non-reflective switches
Leveraging a non-reflective design,
the SP3T CMD234C4 switch provides
high isolation of 40dB at 10GHz and
low insertion loss of 2dB. It includes
an on-board binary decoder circuit,
requiring only two complimentary
control voltage logic lines of 0/-5V.
Similar to the SP3T design, the SP5T
CMD235C4 features a low-power
integrated 3:8 TTL decoder for
enhanced digital control. The switch
provides an insertion loss of 2.5dB
and high isolation of 40dB at 10GHz.
The CMD235C4 and CMD234C4

www.semiconductor-today.com

have small-size and Pb-free RoHs-
compliant 4x4 SMT QFN packages,
and a switching speed of only 66ns.
The GaAs switches are suited to
test & measurement, military and
telecoms applications.

DC-22GHz and 2-22GHz
distributed amplifiers

Offering ultra-wideband performance
from DC to 22GHz, the CMD240 is
a GaAs MMIC amplifier with a noise
figure down to 2.2dB and gain of
15dB. Also highly linear, the CMD240
demonstrates a P1dB (output power
at 1dB gain compression) of 19dBm
at 10GHz and an OIP3 (output
third-order intercept point) of 28dBm
with only 80mA supply current.
With slightly less current draw and
a gain of 13.5dB at 2-22GHz, the
CMD241 has a noise figure of 2.3dB
and features enhanced linearity

performance with an output P1dB
of 21dBm.

Both the CMD240 and CMD241
eliminate the need for an external
DC block and are matched to 50€2.
The low-noise distributed amplifiers
are suitable for military, aerospace
and microwave/millimetre-wave
telecoms applications.
26-35GHz balanced driver
amplifier
In applications with small size and
high-linearity requirements, the
CMD243 wideband balanced driver
amplifier offers 15.5dB of gain and
operates at 26-35GHz. Providing a
P1dB of 21dBm, a low noise figure
of 4.4dB, and 50Q2 matched, it is
suitable for communications,
military and space applications.
www.ims2016.org
www.custommmic.com
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GlobalFoundries releases 130nm SiGe 8XP
performance-enhanced RF technology,
optimized for 5G wireless networks

GlobalFoundries of Santa Clara, CA,
USA (one of the world’s largest
semiconductor foundries, with
more than 250 customers and
operations in Singapore, Germany
and the USA) has announced a
next-generation radio-frequency
(RF) silicon solution for its

silicon germanium (SiGe) high-
performance technology portfolio.
The technology is optimized for
customers who need improved per-
formance solutions for automotive
radar, satellite communications,

5G millimeter-wave (mmWave)
base-stations and other wireless and
wireline communication network
applications.

The SiGe 8XP technology is the
latest extension to the firm'’s
130nm high-performance SiGe
family and enables customers to
develop RF solutions that deliver
faster data throughput, over
greater distances, while consuming
less power. The technology offers
improved heterojunction bipolar
transistor (HBT) performance with
lower noise figure, higher signal
integrity, and up to a 25% increase
in maximum oscillation frequency
(fuax) to 340GHz compared to its
predecessor SiGe 8HP.

The complexity and performance
demands of high-bandwidth
communication systems operating
in the mmWave frequency bands
have created the need for higher-
performance silicon solutions, says
GlobalFoundries. This creates
opportunities for SiGe solutions in

the RF front end of 5G smartphones
and other mmWave phased-array
consumer applications in addition
to the existing applications that
depend on SiGe for high perform-
ance such as communications infra-
structure base-stations, backhaul,
satellite and fiber optic networks.

“5G networks promise to bring a
new level of innovation to RF SOC
[system-on-chip] design to support
high-bandwidth data delivery and
meet the demands for increased
data rates and low-latency appli-
cations,” says Dr Bami Bastani,
senior VP of the RF business unit.
“SiGe 8HP and 8XP technologies
offer an outstanding balance of
performance, power and efficiency
that enable customers to develop
differentiated RF solutions in next-
generation mobile and infrastruc-
ture hardware,” he claims.

“GlobalFoundries’ SiGe technology
leadership and comprehensive
PDKs [process design kits] enable
our designers to develop perform-
ance-optimized, differentiated
millimetre-wave solutions quickly,”
comments Anokiwave’s CEO Robert
Donahue. “Utilizing SiGe 8XP allows
us to take performance to even
higher levels in future-ready
mmWave solutions designed to
help providers stay ahead of the
demands for reliable connectivity,
from anywhere, while handling
exploding volumes of mobile data
traffic.”

With future 5G deployments
poised to drive a proliferation of

base-stations with smaller cell areas,
SiGe 8HP and 8XP are designed to
help offer a balance of value, power
output, efficiency, low noise, and
linearity at microwave and millimeter-
wave frequencies for differentiated
RF solutions in next-generation
mobile infrastructure hardware and
smartphone RF front ends. The
SiGe 8HP and 8XP high-performance
offerings enable chip designers to
integrate significant digital and RF
functionality while exploiting a
more economical silicon technology
base compared to gallium arsenide
(GaAs) and higher performance
than CMOS, says GlobalFoundries.

In addition to high-performance
transistors for efficient operation at
mmWave frequencies, SiGe 8HP
and 8XP introduce technology inno-
vations that can reduce the die size
and enable area-efficient solutions.
A new copper (Cu) metallization
feature provides improved current-
carrying capabilities with five times
the current density at 100°C, or up
to 25°C higher operating tempera-
ture at the same current density
compared to standard Cu lines.

In addition, GlobalFoundries’ pro-
duction-proven through-silicon via
(TSV) interconnect technology is
available. SiGe 8XP design kits are
available now.

GlobalFoundries exhibited its
130nm SiGe technology solutions
at the IEEE’s International
Microwave Symposium (IMS 2016)
in San Francisco (22-27 May).
www.globalfoundries.com/SiGe
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IDT launches silicon-based 50-8000MHz 502 SPDT
RF switches, drop-in compatible with GaAs

Integrated Device Technology Inc
(IDT) of San Jose, CA, USA has
launched two high-isolation, low-
loss, high-linearity broadband RF
switches for a wide variety of appli-
cations. Operating at 50-8000MHz,
the F2932 and F2933 are silicon-
based, low-distortion 50€2 absorptive
single-pole, double-throw (SPDT)
switches. With industry-standard
4mm x 4mm 16-pin QFN packages
and drop-in compatible footprints
and control, their combination of
specs make the devices suitable for
communications and public safety
systems, radar and general purpose
switching.

At 4GHz the F2932 and F2933
deliver: high isolation of 66dB;
low distortion of 64dBm IIP3
(third-order intercept point) @
15dBm tones, 1MHz channel spacing;
insertion loss of 0.93dB; and
P1dB (output power at 1dB gain
compression point) of >35dBm.

IDT claims that the inherent
benefits over most competitive
products — particularly compared
to typical gallium arsenide (GaAs)-
based switches — are: better RF
performance; greater reliability;
easier integration; and lower total
solution cost.

“These two new devices offer one

of the industry’s highest isolation
values and, when combined with
their low distortion and low inser-
tion loss, they provide superior
performance for many different
high-isolation applications,” says
Chris Stephens, general manager
of IDT’s RF division.

The F2932 and F2933 offer similar
RF performance, pin-out and
control, but the F2932 has an
additional enable/disable feature,
allowing all RF paths to be put into
an off-state and disabling the VCTL
feature.
www.idt.com/products/rf-products/
rf-switches

Arralis launches first 94GHz transmit & receive core chips

At the IEEE’s International
Microwave Symposium (IMS 2016)
in San Francisco (22-27 May),
Arralis Ltd of Limerick, Ireland, a
developer of RF, microwave and
millimetre-wave technology (focus-
ing on the W-band), launched what
are claimed to be the first fully
integrated transmit and receive
94GHz core chips.

Fabricated from gallium arsenide
pseudomorphic high-electron-
mobility transistors (pHEMTs) and
measuring just 5.2mm x 2.2mm,
the monolithic integrated circuits
(MMICs) make the highly desirable
attenuation window of 94GHz avail-
able for commercial applications
such as fully autonomous radar for
drones and self-driving vehicles as
well as ‘wireless fiber’ communica-
tion speeds for 5G backhaul.

The new MMICs function as an
up-converter and a down-converter,
greatly simplifying system integ-
ration and widening market access
at the center frequency of 94GHz.
The up-converter consists of a
mixer with integrated medium-
power amplifier. It offers conversion
gain, high image rejection and an
output power of more than 13dBm.
The down-converter consists of a

Arralis 94GHz transmit & receive core chip.

low-noise amplifier (LNA) and a
mixer, giving a noise figure of less
than 5dB and a gain of more than
10dB.

“Our focus at Arralis is scale and
integration, which for our customers
means easier system development
and lower cost. These transmit and
receive chips deliver both,” says
chief technology officer Mike Gleaves.
“This delivers on our promise to our
customers that we would make our
aerospace technology integrated
and available for commercial appli-
cations,” he adds.

The new devices are currently in
the hands of Arralis’ lead customers,
in advance of full commercial roll-

out in the com-
ing months.

The launch
adds to Arralis’
family of W-band
| millimeter-wave
MMICs. Tradi-
| tionally, due to
high cost and
the difficulty of
integration,
94GHz has been
| used almost

exclusively

in the military
radar market. The 90-100GHz
frequency range is attractive due to
its ultra-small system size, high
resolution and unique propagation
(long-range) features.

Arralis says that its developments
in technology and scale enable this
frequency range to be used in a
wide range of commercial appli-
cations including 5G, mega constel-
lations, drones, driverless vehicles
and the Internet of Things (IoT).

In addition, the company manufac-
tures complementary electronic
beam-forming and scanning
antennas, including the use of
meta-materials.

www.arralis.com

www.semiconductor-today.com
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Ascatron raises €4m in A-round funding for
final development of its first SiC products

Material technology implemented in SiC epi production equipment;
next step to optimize device design and outsource chip fabrication

to foundry

Silicon carbide (SiC) power semi-
conductor device developer
Ascatron AB of Kista, Stockholm,
Sweden (which was spun out of
research institute Acreo in 2011,
and supplies SiC epitaxial material)
has completed A-round financing
intended for the final development
of its first own SiC products.

The total of €4m consists of €3m
in equity capital and €1m in an
innovation grant.

Ascatron says that SiC-based
power semiconductors can radically
reduce losses in electrical trans-
formers. With conventional technol-
ogy, losses can be up to 20% when
electricity is converted to adjust
voltage and frequency. The firm
therefore focuses on high-voltage
applications, where the use of SiC
can yield very large energy savings.

“We have started to implement
our advanced material technology

Ascatron’s 1200V SiC power diode.

in production equipment for SiC
epitaxy,” says chief technology officer
Adolf Schoner. “The next step is to
optimize our device design and out-
source the remaining manufac-
turing of the chip to a foundry with
capacity for volume production,”
he adds.

The investors include four Italy-
and China-based venture capital
investors Quadrivio (through its

venture capital fund TTVenture)
and Como Venture (which together
took a 16.7% stake in Ascatron last
October) as well as Rise Leader
Investment and InteBridge Tech-
nology, together LPE SpA (which
designs and makes epitaxial reac-
tors for power electronics). The
grant comes from the European
Institute of Innovation and Technol-
ogy (EIT) through KIC InnoEnergy
(which supports innovation projects
in sustainable energy).

“Our investors have a good mix of
understanding both the advanced
material technology needed for
high-performance SiC power devices,
and how to address volume markets
for semiconductors,” says CEO
Christian Vieider. *40% of the
market for power electronic compo-
nents is in China, and there is a lot
of interest in SiC for energy saving.”
www.ascatron.com

Global Power Technologies signs franchise agreement
with Richardson Electronics

Richardson Electronics Ltd of
LaFox, IL, USA (a global channel
partner for electron devices, power
electronics, and RF & microwave
components) has signed a new
franchise agreement with Global
Power Technologies Group (GPTG),
a full-service manufacturer of sili-
con carbide (SiC) semiconductors
for the commercial power market.
The agreement aligns with Global
Power Technologies Group’s efforts
to identify new opportunities using
SiC technology, as market demand
continues to expand for power elec-
tronics and green energy technolo-
gies. Richardson has this extensive
portfolio of components in stock
and ready for distribution.

Global Power Technologies Group

is a portfolio company of the Global
Opportunities Fund (GOF), which is
a venture fund uniquely focused on
the application of wide-bandgap
materials technology for the
development of high-frequency,
high-temperature and efficient
power semiconductor devices.
GPTG produces 100mm and 150mm
epitaxial wafers, SiC discrete
diodes, SiC discrete MOSFETs,

SiC modules and sub-systems for
multiple market sectors.

“We are pleased to align with a
key innovator of SiC discrete power
devices and SiC-based power mod-
ules and subsystems for the electric
vehicle/hybrid electric vehicle, server,
solar inverter, lighting, and power
industries,” says Greg Peloquin,

executive VP of Richardson
Electronics’ Power & Microwave
Technologies group. “Global Power
Technologies Group’s focus on
highly efficient and compact prod-
ucts with high integration and per-
formance at a low cost results in
game-changing power electronics
for our customers.”

“Richardson Electronics performs
a unique service to the power semi-
conductor industry and is an ideal
fit, with a highly technical sales
force that concentrates on achieving
design-wins,” comments Michael
Digangi, executive VP & chief
business development officer of
Global Power Technologies Group.
www.gptechgroup.com
www.rellpower.com
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Littelfuse launches SiC Schottky diodes

At PCIM (Power Conversion and
Intelligent Motion) Europe 2016 in
Nuremberg, Germany (10-12 May),
Littelfuse Inc of Chicago, IL, USA
(which provides circuit protection
technologies) introduced the
LFUSCD Series of silicon carbide
(SiC) Schottky diodes as the latest
addition to its growing line of power
semiconductor products.

Compared to standard silicon
bipolar power diodes, LFUSCD Series
SiC Schottky diodes allow designers
to reduce switching losses, accom-
modate large surge currents without
thermal runaway, and operate at
higher junction temperatures, all of
which enable substantial increases
in system efficiency and robustness.

The merged p-n Schottky (MPS)
device architecture of the LFUSCD
Series ensures enhanced surge
capability and reduced leakage cur-
rent, says Littelfuse. Available in
voltage ratings of 650V and 1200V
at current ratings ranging from 4A
to 30A, they are suitable for a
broad range of markets including
industrial power supplies, solar
inverters, industrial drives, welding
and plasma cutting, and electric
vehicle/hybrid electric vehicle

¢ &

(EV/HEV) charging stations.
LFUSCD Series SiC Schottky
diodes are said to improve the effi-
ciency, reliability and thermal man-
agement of applications, such as:
® power factor correction (PFC);
® buck or boost stages in DC-DC
converters;
® free-wheeling diodes in inverter
stages (switch-mode power supplies,
solar, UPS, industrial drives); and
® high-frequency output rectification.
“With best-in-class forward voltage
drop and stored capacitive charge,
Littelfuse SiC diodes will enable our
customers to optimize the efficiency
of their designs while increasing
system robustness and reliability,”
claims Dr Kevin Speer, business

development manager for the
Power Semiconductor technology line.

LFUS Series SiC Schottky diodes are
said to offer the following benefits:
® best-in-class capacitive stored
charge and near-zero reverse
recovery make the devices suitable
for high-frequency power switching,
ensure negligible switching losses,
and reduce stress on the opposing
switch;
® best-in-class forward voltage
drop ensures low conduction losses;
® maximum junction temperature
of 175°C provides for a larger
design margin and relaxed thermal
management requirements; and
® a merged p-n Schottky (MPS)
device architecture enhances surge
capability and provides extremely
low leakage.

LFUS Series SiC Schottky diodes
are available in tubes in TO-220
two-lead and TO-247 three-lead
packages. Sample requests can be
placed through authorized Littelfuse
distributors worldwide.
www.mesago.de/en/PCIM/main.htm
www.littelfuse.com/products/
power-semiconductors/silicon-carbide
/sic-schottky-diode-discretes
www.monolithsemi.com

Toshiba’s second-gen SiC Schottkys deliver 50% greater
current density and improved surge current ratings

At PCIM (Power Conversion and
Intelligent Motion) Europe 2016 in
Nuremberg, Germany (10-12 May),
Toshiba Electronics Europe of
Dusseldorf, Germany (TEE, the
European electronic components
business of Japan’s Toshiba Corp)
unveiled new Schottky barrier diodes
(SBDs) based on the firm’s second-
generation silicon carbide (SiC)
technology. The SBDs deliver current
densities up to 50% higher than
first-generation devices and can
handle significantly higher forward
surge currents.

With its second-generation SiC
process, Toshiba has been able to
reduce die thickness to develop

TOSHIBA

TOSHIBA

To-220-2L TO-220F-2L

FSM

CURRENT
DENSITY

SBDs with current densities about
1.5x higher than first-generation
devices. In addition, they also offer
higher non-repetitive forward surge
current (IFSM) ratings.

The first products in the second-
generation line-up will be 650V

devices with current ratings of 4A
(TRS4E65F)