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350m-long, 2600
tonne Arch, which
spans Durban 

stadium. Osram equipped all ten stadia
used in the World Cup soccer tournament
in South Africa with energy-efficient
lighting.  p34



This issue’s cover image shows the LED-lit arch spanning Durban stadium
at the soccer World Cup in South Africa. While ‘goal line technology’ is yet
to reach acceptance (despite chips embedded in balls already having been
trialed), at least illumination is being provided by the adoption of energy-
efficient LED lighting (even if only for aesthetic purposes). 
Perhaps more vitally (e.g. for healthcare and hygiene applications), the

efficiency and output of ultraviolet LEDs is steadily improving (see pages
86 and 88). When performance and price reach viability for mass adoption,
this promises to boost an already burgeoning market for sapphire, which
(driven by booming business in white LEDs for LCD backlights and general
illumination) Yole Développement forecasts to provide the substrate for
more than half of all compound semiconductor processed surface area
from 2011 (see page 5). Correspondingly, sapphire substrate makers such
as Russia’s Monocrystal and the USA’s Rubicon are expanding, with the
latter having just raised $61.5m via a public offering of shares (page 30). 
LED market growth is also driving capacity increases at MOCVD precursor

suppliers, with Dow announcing an expansion for TMG (page 18), following
similar announcements by AkzoNobel (last issue, page 43) and SAFC Hitech
(March issue, page 30). Meanwhile, MOCVD reactor orders are booming,
especially from Chinese LED-making start-ups targeting solid-state lighting:
Aixtron announced orders in the last month alone from Yangzhou Zhongke
Semiconductor Lighting Center, Xi An Zoomlight (ZoomView), and Sanan
Optoelectronics (page 22), as well as most recently Silan Microelectronics
and (in May) LongDeXin. The firm’s Q1/2010 revenues had already been
94% Asian. Likewise, rival MOCVD reactor maker Veeco also recently (in
Q2/2010) received orders from Sanan. 
Similarly, energy efficiency is driving development of concentrated photo-

voltaic (CPV) technology, with epiwafer foundry EpiWorks demonstrating
6-inch compound semiconductor PV wafer capability (page 48). This follows
epi foundry IQE saying in mid-May that it had developed processes for
triple-junction CPV cells on both 6-inch germanium and GaAs substrates
(last issue, page 84). IQE has now developed epi for triple-junction PVs with
a SiGe bottom cell lattice-matched to a 6” GaAs substrate (see article on page
66) in order to optimize conversion efficiency and processing economics. 
Although CPV technology may have had faltering commercial development

up to now, cell makers such as QuantaSol and system makers such as
Amonix, Circadian and Concentrix are pressing on with commercialization
and expansion (pages 49–51), while PV cell and module maker Emcore
still targets spinning off its fiber-optics business as a joint venture to pro-
vide it with the liquidity to launch its CPV system business (page 47). 
Meanwhile, CdTe PV firms such as Abound Solar (page 57) and CI(G)S PV

firms such as Stion, Avancis and Odersun (pages 60–61) continue to garner
investment and expand. 
‘Green CS Technology’ was also a theme of this year’s CS MANTECH event

(page 72), covering the developments in gallium nitride transistors — yet
another technology where compound semiconductors offer power efficiencies. 
Mark Telford, Editor 
mark@semiconductor-today.com
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According to Engalco Research’s
new report ‘MMICs2’ updating its
first report on the monolithic
microwave integrated circuit mar-
ket (released in summer 2008) to
2015, gallium arsenide (GaAs)
MMICs will remain important, but
MMICs based on gallium nitride
(GaN) and silicon-germanium
(SiGe) will progressively invade the
market, which includes applications
such as low-noise amplifiers
(LNAs), low-noise block converters
(LNBs), mixers, switches, power
amplifiers (PAs), transmitters (Tx),
receivers (Rx) and transmit–receive
blocks (TxRx). 
The use of GaN MMICs for high-

power/high-efficiency RF amplifica-

tion is becoming well known, but
application is also being extended
to other functions in RF modules,
notes Engalco. Meanwhile, SiGe-
based MMICs are already being
implemented in low-power signal
processing roles, mainly in
receivers and switches. 
Although the overall MMIC 

market worldwide is forecasted 
to reach $6.26bn in 2015, this 
continues to be dominated by the
commodity markets of cell phones
(more than $3bn) and both 
intelligent cruise control and 
mobile WiMAX ($1.2bn each). 
The remaining market segments

of defense, ISM (industrial, scien-
tific & medical), microwave radio,

millimeter-wave radio, satellite
communications (SatCom) and
SatNav all comprise much lower
market shares. 
Of these, microwave radio will

account for about $280m in 2015,
while millimeter-wave radio will
exhibit exceptionally high (double-
digit) growth to $420m, forecasts
Engalco, with the latter driven by
the exploding capacity require-
ments of multi-Gigabit links. 
In the defense segment, 

North America (principally the USA)
will continue to lead, but both
Europe and Asia (in particular) are
becoming increasingly important,
notes Engalco. 
www.engalco-research.com

GaN and SiGe to eat into GaAs MMIC markets 
MMIC market to grow to $6.26bn in 2015 

The annual military radio market
will increase at a compound annual
average growth rate (CAAGR) of
nearly 5% from under $3bn in
2009 to almost $5bn in 2020, 
forecasts market research firm
Strategy Analytics’ Advanced
Defense Systems (ADS) service
report ‘Electronic Component
Demand Scenarios for Land Based
Military Tactical Radios’. 
The next generation of military

tactical radios will serve as nodes
and hubs in mobile ad hoc net-
works (connecting ground, naval,
airborne and satellite assets into 
an interactive mesh of battlefield
information and decision-making).
Electronic content from the current
generation of single-band and
multi-band radio radios will 
therefore decline, as their capability
no longer meets the emerging net-
work-centric requirements, predicts

Strategy Analytics. In contrast, the
next generation of military tactical
radios, including those from the
JTRS program in which companies
like Harris and Thales are involved,
will be capable of performance in
several frequency ranges and
enhanced data throughputs. These
multi-mode
radios will
significantly
upgrade
capabilities
and serve as
the critical
components
needed to
provide ‘net-
work-centric’
battlespace
resources.
“The development of multi-mode,

multi-band radios will provide sig-
nificantly upgraded capabilities with

frequencies extending to 2.7GHz,”
notes Asif Anwar at Strategy Ana-
lytics. “Multi-mode, multi-band will
mean multiple transceivers, fueling
an increase in the number of RF
components. Together with digital
and other passive components, the
resulting radio electronics market
will grow to over $1bn,” he fore-
casts.
“The increasing sophistication 

of baseband processing and
encryption requirements coupled
with traditionally low-frequency
military radio operating ranges will
mean that silicon semiconductors
will remain seated as the dominant
technology,” Anwar says. “However,
increasing operating frequencies
and bandwidths will open the doors
for compound semiconductor tech-
nologies such as gallium arsenide
and gallium nitride,” he concludes. 
www.strategyanalytics.com 

Multi-band trends in tactical military radios
boosting component demand 
Rising frequencies and bandwidths an opportunity for GaAs and GaN

Increasing
operating
frequencies and
bandwidths will
open the doors
for compound
semiconductor
technologies such
as GaAs and GaN 



Driven by the booming business in
white LEDs for LCD backlights and
general illumination, from 2011
sapphire will become the leading
compound semiconductor substrate
material in terms of volume,
exceeding 50% of total compound
semiconductor processed surface
area, according to the new report
‘Compound Semiconductor Sub-
strates 2010’ from market research
firm Yole Développement. 
Up to now, thanks to wireless

technology and demand for
red/orange/yellow LEDs, GaAs has
been the leading compound semi-
conductor material by processed
surface area, accounting for 56.9%
of the total (31.1% semi-insulating
and 25.8% semiconducting), 
compared to 33% for sapphire.
However, in 2013, this will be 55.3%
for sapphire and 36.9% for GaAs
(19.9% semi-insulating and 17%
semiconducting), forecasts Yole. 
Silicon still dominates the semi-

conductor industry, with gallium
arsenide (GaAs), indium phosphide
(InP), gallium phosphide (GaP),
gallium nitride (GaN), silicon carbide
(SiC) and sapphire substrates 
currently accounting for just 1.1%
of the 7504 million square inches
processed annually in semiconductor
foundries. However, specific appli-
cations such as optoelectronics, 

RF wireless and power electronics
require device performance (i.e.
frequency, power, thermal conduc-
tivity, robustness, junction temper-
ature, voltage breakdown etc) that
is not reachable by using the mat-
erial properties of silicon, so com-
pound semiconductor materials
have been protected from competi-
tion from silicon.  
Hence, even though compound

materials have much higher market
prices than silicon, their technical
specifications have been — and will
remain — the main driver for the
adoption of compound semiconductor
substrates and related technologies. 
Also, the small portion of total

semiconductor processed area for
compound semiconductors is com-
pensated by their higher merchant
prices, leading to a raw substrate
market of $880m in 2009. This
should reach $1bn in 2010. 
Yole notes that all the compound

semiconductor materials covered in
the report are now available in sizes
up to and including 4” in diameter
(except for bulk GaN, which has just
become available at 3” in Japan).
Such diameter expansion helps to
lower manufacturing costs for com-
pound semiconductor-based devices
and facilitates the mass marketing of
affordable products, the firm adds.  
www.yole.fr 
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Sapphire to exceed 50% of
compound semiconductor substrate
processed surface area from 2011 

Short-range
gigabit radio
poised for rapid
growth
60GHz and 802.11n
& 802.11ac to lead in
TV equipment

Shipments of short-range gigabit
radios for display links, HDMI
cable replacement, streaming
multimedia and last-hundred-
meter Internet access will reach
tens of millions of units per year
in 2014, forecasts Strategy Ana-
lytics RF & Wireless Component
market research service in its 
latest report ‘Outlook for 
Short-Range Gigabit Radio’,
which explores the market for
short-range 60GHz radio,
802.11n 4xn/802.11ac, 
inductive coupling, and propri-
etary ISM-band approaches such
as WHDI. 
“Demand for HD video is driving

bandwidth for content delivery to
the home, leading to exciting
prospects for short-range gigabit
radio for in-home and last-
hundred-meter distribution,” says
the report’s author Christopher
Taylor. “More than 2 billion 
electronic devices ship each year
that could potentially use short-
range gigabit radio for display
links, fast wireless file transfer,
and HDMI cable replacement,” 
he adds. 
“With combined benefits of

established Wi-Fi plus 60GHz for
ultra-fast transfers, WiGig
appears to have the best chance
of ultimately taking the leading
share of what could become the
next wireless chip gold rush,”
reckons Stephen Entwistle, 
VP of the Strategic Technologies
market research practice at
Strategy Analytics. 
www.strategyanalytics.com 

IN BRIEF

Compound semiconductor substrate market, 2008 and 2013. 
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US consumption of LED production
light panel/fixtures, which are used
in broadcast TV, professional
videography and motion pictures/
film applications, is forecast to
increase at an average annual
growth rate of 20.2% during the
2009–2016 timeframe, according
to a new report by market research
firm ElectroniCast Consultants.
“Tungsten lights, along with HMI

(Hydrargyrum Medium-Arc Iodide)
and even fluorescent lighting are
the dominant technologies in this
market sector; however LEDs are
gaining in market share and are
moving out of the niche applications
and are being accepted as a credi-
ble light solution,” says Stephen
Montgomery, president of interna-
tional business at ElectroniCast.
In the broadcast and motion pic-

ture sectors, ElectroniCast sees
high importance being placed on the
high-tech approach of LED lighting
fixture manufacturers that are 
providing not only LEDs but also a

lighting solution to the many chal-
lenges in the production of broad-
cast programming and motion
pictures.
A benefit, directly related to the

use of LED lighting in studios and
sets, is the consumption of less
electrical power, not only because
LEDs use less energy for lighting
but also because less air condition-
ing is required, since heat gener-
ated by an LED is negligible. “Also,
television broadcasters and film
studios are proud to publicize that
they are good corporate citizens by

incorporating LEDs in their opera-
tions and thereby embracing green
technology,” Montgomery adds.
In terms of consumption value,

the market leader in 2009 was the
motion picture industry sector, with
60% share of the US market for
LED light panels/fixtures, reckons
ElectroniCast. However, TV broad-
casters are also accepting the ben-
efits of the ecological friendly
‘green tech’ solution, with 25%
market share, while videography
had a 15% share. 
www.electronicast.com 

US LED production light panel/fixture market for
broadcast, video & motion pictures to grow at 20.2% 

US LED production light panel/fixture market share, by application (2009). 

Two 60GHz wireless protocols that
initially target different applications
may someday compete head-to-head,
according to ‘Competing 60 GHz
Solutions’ from ABI Research,
which forecasts nearly 2 million
60GHz chipset shipments in 2015.
WirelessHD is a standard currently

available in products using the unli-
censed 60GHz frequency band and
has 40 firms among its promoters
and adopters. Its initial use-case is
for streaming of HDTV signals
within the home.
Twenty-six firms are behind the

Wireless Gigabit Alliance and its
WiGig standard, aimed initially at
allowing wireless local-area network
(WLAN) devices to communicate at
gigabit speeds within a typical room. 
“The 60GHz frequency band has

interesting properties that offer
security and efficiency advantages

for short-range networking,” says
analyst Xavier Ortiz. At these fre-
quencies, signals are attenuated by
atmospheric oxygen, making
eavesdropping less likely. Also, the
smaller antennas can achieve more
efficient use of the spectrum for
point-to-multipoint applications.
WirelessHD is the first of these

standards to reach real products,
most of which are aimed at the
HDTV market.
However, 
“Two dis-
advantages
inhibit 
WirelessHD’s
adoption and
negate its
first-to-market
advantage,”
says Ortiz.
“The transmit-

ters and receivers are expensive
[$600–1000]. They are also power-
hungry. Solutions need to be capa-
ble of bi-directional transfer with a
vast reduction in power consump-
tion.” SiBeam and Georgia Tech are
two firms that can do bi-directional
data transfer.
WiGig products are still on the

drawing-board, but the standard
aims to be part of the existing Wi-Fi
ecosystem through access points
including WiGig chipsets. This
would open up the colossal existing
Wi-Fi market to WiGig vendors. 
“If the Wi-Fi Alliance chooses to
join WiGig for a 60GHz solution,
WiGig will likely be successful,”
believes Ortiz. 
Eventually, WiGig and WirelessHD

vendors want to target each others’
initial markets as well, says Ortiz. 
www.abiresearch.com

Nearly 2 million 60GHz chipsets to be shipped in 2015

The 60GHz
frequency band
has interesting
properties that
offer security
and efficiency
advantages for
short-range
networking
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RF Micro Devices Inc of Greens-
boro, NC, USA has announced
availability of the RF5616, a highly
integrated 4.9–5.8GHz (ISM band)
3mm x 3mm power amplifier (PA)
targeted at high-performance
mobile PC and embedded appli-
cations — including access points,
gateways, DSL routers, wireless
high-definition interface (WHDI),
and WLAN for wireless video distri-
bution networks — and designed to
reduce customers’ total solution
size and cost. 
The RF5616 PA features a 

fully matched product design
(input/output) and integrated 
low-pass filtering to require just
two external bypass components.
The device includes an integrated
three-stage PA that provides high
gain — an industry-first for 5GHz-
band front ends, it is claimed — 
as well as best-in-class efficiency
and a wide range of voltage supply
levels (3–5V), enabling high linear
output power of 18–21dBm. The

RF5616 also features an inter-stage
power detector, reducing sensitivity
to voltage supply, temperature
extremes and voltage standing
wave ratio (VSWR) while improving
accuracy of the closed-loop power
control. Additionally, a variable 
linearity mode control enables two
modes of operations: a maximum
output power and linearity mode,
or a more efficient lower output
power mode, with a single control
pin. Finally, integrated harmonic
attenuation eliminates the need for
additional filtering, optimizing the
efficiency and maximizing output
power at the transmit port. 
A direct-to-battery connection

eliminates the need for additional
DC circuitry, while integrated input
and output matching eliminates the
need for additional RF matching.
The RF5616 is fully tested and
available in a 3mm x 3mm leadless
QFN package with backside ground.
Volume pricing begins at $0.92. 
www.rfmd.com 

RFMD launches highly integrated
4.9–5.8GHz power amplifier for 
mobile PC & embedded applications

Single-chip
integrated FEM for
2.4–2.5GHz ISM-
band applications 
RFMD has announced availability
of the highly integrated, single-
chip RF3482 front-end module
(FEM), which integrates a WiFi
power amplifier with a single-pole,
three-throw (SP3T) switch for
2.4–2.5GHz ISM-band applications. 
By integrating the complete

switch functionality, the RF3482 is
able to route WiFi and Bluetooth
receive/transmit signals to two
system-on-chip (SOC) trans-
ceivers, a typical design architec-
ture implemented in a wide
range of high-performance con-
sumer electronics and
handset/handheld WiFi appli-
cations. Also, the SP3T switch
can act as a splitter to transmit
or receive Bluetooth and WLAN
signals simultaneously. 
The RF3482 satisfies the need

for aggressive size reductions for
802.11b/g front-end designs by
realizing up to a 50% size reduc-
tion versus current discrete
designs, while greatly reducing
the number of components out-
side the core chipset, says RFMD.
The FEM also integrates a
2.5GHz b/g power amplifier with
16dBm of linear output power for
higher efficiency and lower EVM
for 11n applications. In addition,
it integrates 2170MHz filtering
and harmonic attenuation,
reducing the need for a high-
loss/attenuation filter at the FEM
output and increasing output
power at the antenna. An integ-
rated Rx balun eliminates the
requirement for tuning compo-
nents between the FEM and the
SoC, while the direct-to-battery
connection eliminates the need
for additional DC circuitry. 
The RF3482 is fully tested and is

packaged in a small-form-factor
3.0mm x 3.0mm QFN package. 

IN BRIEF

RFMD has announced availability
of its RF3858 front-end module
(FEM), which supports multiple
Tx/Rx applications in the 900MHz
ISM band, including smart-energy/
advanced metering infrastructure
(AMI). 
RFMD says the highly integrated,

single-chip RF3858 addresses the
increasing requirements for
aggressive size reductions in the
RF front-end designs for portable
equipment. It combines a 1-watt
915MHz power amplifier capable
of 31.5dBm of output power, with a
double-pole double-throw (DPDT)
Tx/Rx transfer switch with low
insertion loss and high isolation, a
low-noise amplifier (LNA) with by-
pass mode, and a Tx harmonic filter. 

Furthermore, the FEM reduces the
number of external components by
about 80% versus discrete designs,
minimizing product footprint,
accelerating design-in time and
reducing overall assembly costs. 
The RF3858 is packaged in a

small 8.0mm x 8.0mm x 1.2mm
over-molded laminate package

with backside
ground, mini-
mizing next-
level board
space and 
allowing sim-
plified integ-
ration, RFMD
says. 

The FEM is priced at $2.28 in
quantities of 10,000.

RFMD launches front-end module for
900MHz ISM-band applications

The RF3858
addresses the
increasing
requirements
for aggressive
size reductions



Mesuro Ltd of Cardiff,
UK, which is commer-
cializing RF test &
measurement tech-
nologies from Cardiff
University’s Centre
for High Frequency
Engineering, says
that it has achieved
record efficiencies in
joint work with device
manufacturers to
design harmonically
tuned, near theoreti-
cally efficient power
amplifiers (PAs) with existing RF
transistor technologies.
The ability to achieve near-theo-

retical efficiencies requires accurate
harmonic tuning. Mesuro’s active
tuning capability can be applied to
both the source and load side of a
device and allows complete control
of all in-band and out-of-band
impedances. In association with
device maker TriQuint Semiconduc-
tor Inc of Hillsboro, OR, USA,
Mesuro has now made available
results showing a commercial GaAs
pHEMT device achieving efficiencies
in excess of 90% at P1dB in a
class-B bias. 
According to band-limited theory,

efficiencies of more than about
80% for engineered 3 harmonic
content should not be possible with
this type of device. However, much
higher efficiencies than this were
achieved in this work.
From the device measurements

undertaken, it was clear that the
harmonic current levels were
dependent on both drive level and
input bias, says Mesuro. The firm
adds that this data set is invaluable
to power amplifier designers, who
then have the necessary information
available to them to achieve opti-
mum design goals. Using Mesuro’s
technique to extract near-theoretical-
best performance from the RF

power transistor delivers best-in-class
efficiency as a baseline, it is claimed.
If desired, amplifier design
enhancement techniques such as
envelope tracking or Doherty could
then be applied to provide nominal
incremental amplifier efficiency
improvements.
“These results continue to demon-

strate the value of active harmonic
load-pull techniques and how they
can be applied to improve existing
designs, in addition to developing
new products,” says Mesuro’s CEO
Dr Richard Emsley. “The next stage
is to take this data and fabricate a
MMIC (monolithic microwave IC)
design in order to further show how
the Mesuro solution can aid reduc-
ing design cycles and achieve ‘first-
pass’ amplifier designs,” he adds.
“The fundamental development

process for radio frequency compo-
nents and devices has not changed
in the last three decades – until
now... By using Mesuro’s waveform
engineering techniques, our cus-
tomers have a 100% success rate
for improving their PA efficiencies
and performance,” Emsley claims. 
A white paper ‘Investigation and

Analysis into Device Optimization
for Attaining Efficiencies In-Excess
of 90% When Accounting for
Higher Harmonics’ can be found at: 
www.mesuro.com 
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Record 90% efficiency achieved 
using commercial GaAs RF devices
Mesuro’s active harmonic load-pull delivers
near-theoretical efficiency for power amplifiers 

MwT launches
low-noise
pHEMT devices
for up to 38GHz 
MicroWave Technology Inc (MwT)
of Fremont, CA, USA, a subsidiary
of IXYS Corp, has launched a family
of three AlGaAs/InGaAs-based 
low-noise pHEMT devices with
operational frequency up to 38GHz.
The MwT-LN240, MwT-LN300 and

MwT-LN600 are fabricated using a
high-reliability AlGaAs/InGaAs
pHEMT process with a nominal gate
length of 0.15μm and gate widths
of 240μm, 300μm and 600μm,
respectively. The devices are
equally effective for wide-band
(e.g. 6–18GHz or 18–26GHz) or
narrow-band applications up to
38GHz, says the firm.
With a minimum noise figure of

0.5dB at 12GHz with 2.5V drain
bias, the devices are suited to com-
mercial wireless and military appli-
cations requiring very low noise
figure and high associated gain.
Target applications include: broad-
band military EW (electronic war-
fare) and defense communications,
wireless communication infrastruc-
tures, point-to-point microwave
radios, space/high-rel, instrumen-
tation and medical equipment.
The new devices are also available

in surface-mount packages, such
as the MwT-71. Furthermore, the
complete noise models such as
'gamma opt' and noise parameters
over frequency range are available
for the devices to aid circuit design
simulations. An application note on
active bias circuitry for setting and
stabilizing the gate bias is also
available.
As an application support vehicle,

MwT has developed 11–13GHz
hybrid modules using an MwT-LN240
(a 240μm device) with a noise figure
as low as 0.7dB. A 6–18GHz 
balanced amplifier module using a
pair of MwT-LN240 devices has
achieved noise figures between
1.5dB and 1.7dB across the band.
www.mwtinc.com 

Curve of efficiency versus output power. 
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At the WiMAX Taipei 2010 conference
during Computex Taipei (1–5 June)
in Taiwan, broadband wireless and
wireline communications component
maker Anadigics Inc of Warren, NJ,
USA showcased its latest products,
as well as consumer products using
WiMAX technology including
WiMAX-enabled mobile communi-
cation devices such as the Samsung
Mondi handheld Mobile Internet
Device, a Samsung-KT USB modem,
a Motorola-Clear USB Adapter, 
a ZTE-Xohm USB modem and a
Franklin-Sprint USB modem.
The WiMAX market continues to

build momentum in 2010, says
Anadigics, with mobile devices all
but displacing fixed-point equip-
ment in new deployments as the
number of commercial WiMAX net-
works, trial networks and networks
in development increases monthly.
New devices are driving the mar-
ket, according to analyst firm In-
Stat, with USB dongles and mobile
PCs embedding WiMAX capability
available now, and WiMAX-enabled
cellular handsets emerging.
Power amplifiers for wireless infra-

structure and mobile WiMAX appli-

cations displayed by Anadigics
included:
● New 1.93–1.99GHz AWB7123
and 2.11–2.17GHz AWB7127
3G/4G power amplifiers (launched
in mid-May), delivering high linear-
ity and adjacent channel power
performance (ACPR), as well as
high efficiency for wireless infra-
structure applications. Developed
for use in small-cell equipment
such as femtocells, home nodes
and CPEs, the PAs support multi-
carrier operation for WCDMA,
HSDPA and LTE air interfaces. 
● First-generation mobile WiMAX
power amplifiers designed to oper-
ate at 2.5–2.7GHz, supporting the
IEEE 802.16e-2005 wireless stan-
dard as well as the IEEE 802.16d-
2004 and ETSI EN301-021
standards, for portable or mobile
applications. Manufactured using
InGaP HBT technology, linear out-
put power is +25dBm for the
AWT6261 and +23.5dBm for the
AWM6423. The devices incorporate
matching networks for optimized
performance in a 50Ω system,
while the AWM6423 also integrates
an attenuator and power detector.  

● New second-generation mobile
WiMAX 4G power amplifiers for
portable or mobile applications,
delivering high output power, linear-
ity and efficiency (with linear output
power of +25dBm) over wide oper-
ating bandwidths (2.3–2.7GHz for
the AWT6264 and 3.3–3.8GHz for
the AWT6283). Developed for use in
handsets, embedded PC modules
and USB modems/dongles, the
devices support the IEEE802.16e
standard and maximize transmit
power and battery life for high-data-
rate mobile WiMAX, says Anadigics.
Made using InGaP HBT technology,
the devices incorporate attenuators
and power detectors, as well as
matching networks for optimized
performance in a 50Ω system. 
“We have worked closely with

industry drivers such as Beceem
and Samsung since the early days
of WiMAX to introduce solutions
that provide the highest perform-
ance and the most benefits for
mobile broadband consumers,”
comments Glenn Eswein, director,
product marketing, Broadband.  
www.anadigics.com
http://wimaxtaipei.tw

Anadigics showcases 4G technology at WiMAX Taipei

For entry-level GPRS handsets,
Skyworks Solutions Inc of Woburn,
MA, USA has launched the SKY77555
CMOS front-end module (FEM) which,
by eliminating the need to optimize
matching between the amplifier and
switch, helps to speed time-to-market
relative to other more traditional
architectures and simplifies the
supply chain for high-volume, cost-
sensitive phones, it is claimed. 
The SKY77555 is a transmit and

receive FEM based on CMOS PAs
for dual-band cellular handsets
comprising GSM900 and DCS1800
operation. With a low-profile and
compact (5mm x 6mm) form factor,
the FEM offers a complete transmit
voltage-controlled oscillator (VCO)-

to-antenna and antenna-to receive
surface-acoustic wave (SAW) filter
solution. The device also supports
Class 12 GPRS multi-slot operation.
To date, Skyworks has shipped

tens of millions of CMOS-based
power amplifiers (PAs) for mobile
phones (far more than all other
suppliers combined, it is reckoned).
This includes the AX502 and AX508,
which integrate a full quad-band
GSM/GPRS PA function on a single
IC using 0.13μm CMOS process
technology. Skyworks’ CMOS port-
folio also supports existing product
roadmaps in several adjacent linear
products markets, such as low-
power smart-grid networks and
wireless meter-reading solutions. 

“Skyworks’ CMOS and GaAs front-
end modules allow handset manufac-
turers to create ultra-small and
low-cost GSM/GPRS solutions, as
well as to select different price versus
performance options from the same
basic phone design,” says Gregory
L. Waters, general manager for
front-end solutions. “Our technology-
agnostic approach provides our cus-
tomers with a unique advantage in
meeting their platform, geographic
and cost needs... We will continue
to leverage both silicon and GaAs
technology across a variety of new
products, ranging from entry-phone
devices to industry-leading, low-cost
smart-phones and 3G/4G solutions.” 
www.skyworksinc.com

Skyworks launches 5mm x 6mm CMOS front-end
module for entry-level GPRS





Inphi has recruited Lawrence Tse 
to the newly created position of
vice president of engineering for
New Business Initiatives. 
Tse has more than 25 years of

experience in IC electronics design
and development, test and product
engineering and technical manage-
ment. Leveraging his experience in
wireless, power management and
mixed-signal technology expertise,
he will lead Inphi’s New Business
Initiatives engineering team in exe-
cuting its roadmap. 
Most recently, Tse was chief tech-

nology officer of Intremag Systems.
From 2000 to 2008, he was the 
VP of engineering for the Wireless
Products, Communications and
Consumer Business Group at 
Marvell Semiconductor Inc. 

Tse has been credited for building
and growing the wireless engi-
neering group at Marvell, where he
focused on accelerating and broad-
ening the adoption of wireless LAN
(WiFi) solutions, and unveiled the
industry’s first complete two-chip
802.11b wireless LAN solutions, as
well as the ultra-low-power WLAN
system-on-a-chip solution that
received the 2007 INSIGHT award
for the most innovative RF IC trans-
ceiver. Inphi says that his contribu-
tion helped to make WiFi a
standard feature in many consumer
electronic devices and in enterprise
infrastructures. Tse also managed
the development of Marvell’s 
Bluetooth, WiMax, power manage-
ment and other mixed-signal/RF
products.

From 1998 to 2000, Tse was 
vice president of engineering for
power management product
designer and manufacturer Volterra
Semiconductor Corp. From 1991
until 1998, he held various posi-
tions (including VP of engineering)
at Chrontel Inc, a designer and
manufacturer of mixed-signal
visual communication products.
Prior to Chrontel, he was with 
Nortel Networks, developing 
optoelectronics products for SONET
applications. 
Tse holds a Bachelor of Engineering

degree in electrical engineering
from McMaster University, Canada,
and a Master of Science degree in
electrical engineering from the 
University of California, Berkeley. 
www.inphi.com
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Inphi Corp of Sunnyvale, CA, a 
fabless provider of high-speed 
analog ICs for the communications
and computing markets (using
indium phosphide, gallium arsenide,
silicon-germanium or silicon bipolar
as well as CMOS), has filed a 
registration statement on Form S-1
with the US Securities and
Exchange Commission (SEC) for a
proposed initial public offering of its
common stock. 
The number of shares to be

offered and the price range for 
the offering have not yet been
determined, although a maximum
offering price of $115m has been
listed. 

Founded in
late 2000,
Inphi 
originally 
targeted
indium phos-
phide (InP)
chips at
40Gbps 
networks,
but had to
retrench
after the
optical tele-
coms slump. 
Inphi now

provides ICs
such as tran-

simpedence amplifiers, modulator
drivers, clock-and-data recovery
chips, and serializer/deserializers
(SerDes) that operate at critical
interfaces within cloud computing
environments, addressing the
bandwidth, capacity and power
issues faced by data centers and
40Gbps/100Gbps networks. 
Inphi says that the IPO has been

spurred by the recent acceleration
in interest in the 100Gbps market,
as well as the firm moving into
profitability in 2009 (net income 
of $7.3m on revenue of $59.9m).
For first-quarter 2010, Inphi’s 
net income was $12m on revenue
of $19.1m. 

Inphi files for initial public offering worth up to $115m 

Inphi says that Peter J. Simone
has joined its board of directors.
Simone serves on the boards of

several firms, including Cymer Inc,
Monotype Imaging Holdings Inc,
Newport Corp and Veeco Instru-
ments Inc. He is also a board
member of several private tech-
nology firms including the Massa-
chusetts High Technology Council.

Simone has executive experience
in high-tech firms with operations
in the USA, Europe and Asia. He
was executive chairman of semi-
conductor equipment maker
SpeedFam-IPEC Inc. He was also
president & director of Active Con-
trol Experts Inc (a manufacturer
and distributor of solid-state actu-
ators) and president & CEO of

Xionics Document Technologies
Inc (a provider of embedded soft-
ware solutions for printer and
copier manufacturers) until Xionics
merged with Oak Technology Inc.
Simone holds a BS from Bentley

University and an MBA from Bab-
son College. He began his career
as an auditor with Arthur Young &
Company (now Ernst & Young).

Industry veteran Peter J. Simone appointed to board of directors 

Inphi hires VP of engineering for New Business Initiatives

The IPO has
been spurred by
the recent
acceleration in
interest in the
100Gbps
market, as well
as the firm
moving into
profitability in
2009 (net
income of $7.3m
on revenue of
$59.9m)
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Avago Technologies says that early
prototypes have been manufactured
of its proprietary five-chip family
that targets the 38GHz and 42GHz
cellular radio infrastructure and
backhaul point-to-point radio mar-
kets. Based on market demand, the
firm designed the millimeter-wave
products for high performance in
surface-mount technology (SMT)
packages. 
The wireless infrastructure market

is expanding to meet the increasing
data rate and reliable connection
demands of cellular users. Smart
phones and other devices require
high-bandwidth data that must be
provided by backhaul solutions.
Point-to-point backbone radios
carry the high-capacity traffic from

fiber points-of-presence (POPs) to
wireless access points. 
In some regions, 38GHz (37–40GHz)

and 42GHz (40.5–43.5GHz) are
licensed wireless infrastructure
bands. As new point-to-point
radios are designed and installed 
to increase capacity, many radio
manufacturers are switching to
SMT packages and away from 
traditional chip-and-wire devices.
With SMT technology, radio 
suppliers can offer lower-cost,
more compact radios to the market
and with shorter design cycles,
says Avago. 
“Our 38GHz and 42GHz point-

to-point radio solution has four 
primary chips [up-converter, 
down-converter, power amplifier,

and multiplier] and a wafer-level-
packaged directional power detector,”
says multimarket marketing man-
ager Allen Chien. “Our innovative
chipset will help cellular operators
increase their backhaul capacity to
meet the demands of mobile data
users.” 
The chipset is fabricated using

Avago’s proprietary 0.17µm gate
pHEMT process which, with 80GHz fT
transistors, can meet the needs of
40GHz applications. Manufactured in
Avago’s high-volume 6” wafer pro-
cessing facility, the chips are pack-
aged in 5mm x 5mm SMT packages,
with shipment in tape and reel.
Manufacturing and test is fully
automated and capable of supplying
millions of chipsets per month.

Avago makes prototypes of five-chip RF front-end 
for 38GHz and 42GHz point-to-point radio 

Avago has developed two
1500–2300MHz and 2300–4000MHz
low-noise amplifiers (LNAs) for
base-station (BTS) RF front-end
design, complementing the existing
900MHz MGA-633P8 to complete
its next-generation series of high-
linearity, active-bias LNAs (cover-
ing all cellular bands for GSM,
CDMA, UMTS, and WiMAX, as well
as next-generation LTE bands). 
The new LNAs target cellular

infrastructure BTS applications,
such as transceiver radio cards,
tower-mounted amplifiers (TMAs),
combiners, repeaters and
remote/digital radio heads. 
The wireless infrastructure 

industry is currently challenged to
provide optimum coverage with
the best signal quality in crowded
spectrum. Receiver sensitivity is
one of the most critical require-
ments in a BTS receive path
design. Proper LNA selection, in
particular the first-stage LNA,
greatly affects the BTS receiver
sensitivity performance, says
Avago.

Another key design factor is 
linearity — specified by third-order
intercept (OIP3) — which affects
the receiver’s ability to distinguish
between closely spaced wanted
and spurious signals. 
At 1900MHz and a typical operat-

ing condition of 5V/51mA, Avago’s
proprietary 0.25μm GaAs
enhancement-mode pHEMT
process technology gives a best-
in-class noise figure (NF) of
0.48dB and an OIP3 of 35dBm. 
At 2500MHz and a typical operat-

ing condition of 5V/56mA, the
noise figure is 0.59dB and OIP3 is
35dBm. With a low NF and high
OIP3, the new LNAs offer more
design margin for the BTS receiver
path than previous amplifiers, says
the firm. 
With built-in active bias circuitry,

Avago’s LNA operating current is
adjustable, allowing designers to
make tradeoffs between operating
current and output linearity
(OIP3), while maintaining an 
optimum NF. This offers BTS
designers the flexibility to meet

design needs and regional require-
ments with the same Avago LNA. 
Since more communication chan-

nels must now fit into a
transmit/receive card, PCB real
estate has become another key
design challenge for BTS design-
ers. Avago chose a QFN package
with a 4mm2 footprint to meet
market needs. The two new LNAs
share the same package footprint,
pinout and external matching net-
work of the existing Avago
900MHz MGA-633P8 LNA. A com-
mon PCB design can therefore be
used for all BTS RF front-end
designs that operate in different
frequency bands, reducing the
number of PCB designs needed to
supply BTS solutions for different
bands and geographic markets,
says Avago. 
The two new LNAs are offered in

RoHS-compliant 2.0mm x 2.0mm
x 0.85mm, 8-lead, surface-mount
QFN packages. All devices operate
over a temperature range of
–40°C to +85°C. 
www.avagotech.com 

Avago develops next-generation low-noise amplifiers for 
cellular and LTE base-station applications 
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Europe’s largest independent nano-
electronics research center, IMEC of
Leuven, Belgium, has extended its
CMORE initiative with SiGe-MEMS
foundry and (for universities and
research centers) multi-project
wafer (MPW) runs (via IMEC’s
EUROPRACTICE IC scheme). 
Both the SiGe-MEMS foundry 
and MPW services are on IMEC’s
monolithically integrated SiGe MEMS
(micro-electromechanical system)
baseline process and come with an
extended design kit. 
Via its CMORE initiative, IMEC

offers companies the services
needed to turn concepts into pack-
aged microsystem products. The
CMORE toolbox contains a wide
variety of device technologies (e.g.
high-voltage technologies, CMOS
imagers, photonics or MEMS) and
packaging capabilities (e.g.
through-silicon vias and MEMS cap-
ping) as well as design expertise and
testing and reliability know-how. 
IMEC’s services range from feasi-

bility studies over design and tech-
nology development to prototyping
and low-volume manufacturing.
Also, through its alliance with 
Taiwan’s TSMC (the world’s biggest
silicon wafer foundry), IMEC can
also offer a path to transfer the
technology to the foundry for 
volume production. 
The SiGe-MEMS platform’s tech-

nology is based on a MEMS-last
approach, where the MEMS are
processed after and on top of 
the CMOS circuits. This enables
monolithic integration of CMOS and
MEMS, integrating MEMS devices
with the driving and readout 
electronics on the same die. 
IMEC claims that this leads to better
performance compared with other
integration schemes: there is a 
better signal-to-noise ratio through
reduced interconnect parasitic
resistance and capacitance, a
smaller die size and package, and
lower power consumption.

The CMORE SiGe-MEMS platform
is a flexible and modular approach
that allows application-specific 
tuning and optimization. An example
is the thickness of the MEMS struc-
tural layer, which can vary between
300nm and 4µm. A 300nm-thick
layer allows the fabrication of 
optical MEMS (e.g. micro-mirrors).
The process is then extended to
add various coatings with specific
reflective
properties.
A 4µm
structural
layer is
used, for
example, 
to create
gyroscopes
or actuators.
Other 
possible
applications
of the tech-
nology are microphones, micro-
speakers, micro-sensors,
micro-mirrors, probe-based memo-
ries and micro-power generation.

The extended CMORE offering and
foundry service is based on IMEC’s
SiGe-MEMS platform, fixing the
options in a baseline process with a
4µm SiGe mechanical layer on top
of a CMOS layer. Supported by
mature design kits for the most
important commercial MEMS
design tools, partners can develop
their own MEMS designs for rapid
prototyping. 
For universities and research 

centres, by gathering the designs
of multiple customers on the same
mask set, the MPW service allows
the fabrication of test structures and
prototypes of devices at low cost. 
A first MPW run, scheduled for the
end of 2010, will be processed on a
wafer with a single metal layer, and
is intended for initial prototyping. 
A second run — with full capability
and with the SiGe-MEMS devices
on top of the 0.18µm CMOS silicon
of foundry partner TSMC (to which
IMEC has already transferred the
process) — is scheduled for volume
production in mid 2011. 
www.imec.be/cmore 

IMEC’s CMORE initiative extended with SiGe-MEMS
foundry service and multi-project wafer runs
First run end-2010, then second mid-2011 atop TSMC’s 0.18μm CMOS 

Cross section of device created with IMEC’s baseline SiGe-MEMS platform. 

The SiGe-MEMS
platform’s
technology is
based on a
MEMS-last
approach, where
the MEMS are
processed after
and on top of the
CMOS circuits
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Chip maker NXP Semiconductors of
Eindhoven, The Netherlands has
opened a high-performance RF
product creation center (PCC) in
Billerica, near Boston, MA, USA. 
The new facility will focus on 

the design of RF and microwave
integrated circuits (ICs) used in
demanding applications such as
defense & aerospace, industrial,
scientific and medical (ISM), 
satellite receivers and broadband
communications. Leveraging NXP’s
IP, product portfolio, processes and
manufacturing capabilities, the
design center is intended to further
enhance NXP's position in these
growing RF and microwave 
markets.
With its East Coast location, and

close proximity to design teams in

France and the Netherlands, the
center is also intended to
strengthen the technical and appli-
cation support provided to NXP’s
Americas-based customers. 
“The deep pool of experienced and

talented RF designers, the active RF
customer base and the closeness to
Europe make Boston the ideal 
location for the new NXP PCC,” says
the Boston PCC general manager
Ian Gresham. “The PCC team will
endeavour to push the limits of our
high-performance RF & Microwave
products, overcoming market 
challenges through innovation.” 
NXP’s RF portfolio spans high-

power LDMOS for power amplifiers
and SiGe:C BiCMOS for RF/IF
MMICs, with CMOS for high-speed
converters completing the RF 

front-end. As all these technologies
are designed and manufactured 
in-house, they can be custom-
tuned to application-specific
requirements, says the firm. 
“This new product creation center

builds upon NXP’s 50-year heritage
in RF innovation, further refining,
localizing and extending that 
competence to meet customer
demands and create innovative
applications,” says John Croteau,
senior VP & general manager of
NXP’s High Performance RF and
Lighting business lines. “Process,
packaging and circuit design 
innovation remain pillars of our
strategy, yielding leadership 
positions in technologies such as
SiGe:C, LDMOS and JESD204A.” 
www.nxp.com

NXP opens RF IC design center for Americas clients 

SiGe Semiconductor Inc of
Andover, MA and Ottawa, Canada
has launched a new silicon-based
single-chip RF switch/LNA front-end
IC (FEIC) that addresses the
increasing convergence of connec-
tivity requirements such as Wi-Fi
and Bluetooth for the new genera-
tions of smartphones, netbooks,
personal media players and digital
cameras. 
“With the SE2601T we are 

providing our customers with a 
single-chip solution integrating a
SP3T RF switch and Wi-Fi receive
path low-noise amplifier(LNA),”
says Sanjiv Shah, marketing 
director of Embedded Products.
“The SE2601T, which integrates
features that until now have been
discrete on the device motherboard
or inside of a module solution, 
occupies less board space and
offers significant advantages for
designers of today’s cool, feature-
rich mobile devices,” he adds. 
The 2601T leverages the perform-

ance and functional integration
strengths of silicon-based RF 

solutions. It is claimed to improve
the connectivity range of the 
Wi-Fi solution by placing a high-
performance LNA between the
antenna and the RF receiver that is
part of chipsets from vendors such
as CSR, Marvell, Broadcom and
Atheros.
Often the LNA function is omitted

in embedded applications such as
smartphones due to physical space
constraints on the Wi-Fi solution,
thus degrading connectivity per-
formance, says SiGe Semiconductor.
This LNA is claimed to significantly
increase the sensitivity of the Wi-Fi
receiving system — critical in
embedded applications where
physically small antennas are 
limited in their contribution to 
signal quality. 
The RF switch supports antenna

sharing between Bluetooth and
802.11bgn functions and is 
typically a discrete device requiring
additional passives. The 2601T
incorporates this function but 
has a much smaller footprint 
(2mm x 2mm x 0.6mm). 

The 2601T also integrates the
required DC blocking capacitors
through the use of a silicon-based
IC process. The GaAs-based com-
petition requires external capacitors
consuming additional circuit board
space and causing incremental
increase in bill of materials cost for
the Wi-Fi solution, says the firm. 
Using a 2mm x 2mm QFN package,

the 2601T is part of a family of
SiGe’s silicon-based RF switch/LNA
products, complementing the
recently released SE2600S chip-
scale package (CSP) FEIC. While
the 2600S is designed for module
vendors, the 2601T is best suited
to direct placement on the embed-
ded device’s motherboard.
The SE2601T comes in a compact

lead- and halogen-free ROHS-com-
pliant QFN package and is priced at
$0.35 in quantities of 10,000 units.
It is offered with product and 
evaluation board datasheets and
extensive application notes 
surrounding the use and imple-
mentation of the device.
www.sige.com 

SiGe launches integrated front-end IC for Bluetooth/Wi-Fi
chipsets for embedded applications in mobile devices 
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At the 68th Device Research Con-
ference (DRC) at the University of
Notre Dame in South Bend, IN, USA
(21–23 June), Japan’s Panasonic
presented R&D results for a terahertz
detector that uses a gallium nitride
transistor to achieve what is
claimed to be record sensitivity at
room temperature. The GaN-based
THz detector is applicable to a vari-
ety of security or analyzing systems,
which the firm reckons should drive
the wide-spread use of such THz
applications in the future. 
The GaN detector forms a plasma

wave of electrons, in which the
electron density fluctuates as a
wave. This plasma wave resonates
with the incident THz wave, which
is detected as an electric signal 
at the GaN transistor. The high
electron velocity in GaN effectively
increases the amplitude of the

plasma wave and hence the
extracted electric signal. 
The detector uses the gate elec-

trode itself as a dipole antenna free
from loss in the transmission lines.
Also, the GaN transistor’s source
and drain electrodes are designed to
work as parasitic elements for the
antenna, effectively confining the
incident THz wave in the vicinity of
the gate. Also, the metal-oxide-
semiconductor (MOS) gate structure

that is used reduces the gate leak-
age current, suppressing the leak-
age of the plasma wave around the
gate antenna. The choice of the
material, together with the novel
antenna structure, increases the
sensitivity of the THz detector.
Fabricated using Panasonic’s 

proprietary GaN technologies, the
THz detector achieves high sensitivity
of 1100V/W at room temperature,
while a conventional detector using
thermal conversion requires cooling
of the device to –270°C to maintain
sufficient sensitivity. Being free
from such cooling systems, the
GaN-based THz detector enables
THz systems to be very compact
while maintaining high sensitivity. 
Applications have been filed for

nine domestic patents and one
overseas patent on the technology. 
http://panasonic.net 

Panasonic develops GaN-based detector for
compact terahertz systems 
Sensitivity of 1100V/W at room temperature eliminates cooling 

GaN transistor gate electrode forming
dipole antenna of THz detector. 



To meet surging global demand,
Dow Electronic Materials of
Philadelphia, PA, USA, a business
unit of Dow Advanced Materials,
has announced a multi-phase plan
to expand production capacity of 
its high-purity, electronic-grade
trimethyl gallium (TMG) metal-
organic chemical vapor deposition
(MOCVD) precursor materials by 
60 metric tons per year. 
This includes adding significant

capacity at existing facilities in the
USA to address short-term demand
as quickly as possible, while also
building a new manufacturing plant
in Korea (starting operation in 
early 2011) to create capacity for
long-term demand.  

“We are committed to delivering a
reliable supply of high-quality mat-
erials to our customers and provid-
ing them with the service and
technical expertise that they
expect,” says Joe Reiser, global
business director, Metalorganic
Technologies. “We will continue to
work closely with our customers to
meet both near- and long-term
needs,” he adds. 
“Demand for TMG today is being

driven by explosive growth in LED
backlighting of LCD TVs with the
potential of future growth of LEDs
in the general lighting market,”
says Dr James Fahey, global gen-
eral manager, Growth Technologies.
“The LED market is growing rapidly,

particularly in Korea, Taiwan and
other countries in the Asia-Pacific
region where there is a large dis-
play manufacturing base and semi-
conductor manufacturers are
building and converting capacity to
manufacture LEDs,” he adds. 
The new plant in Korea will be

located in Cheonan, about 85km
south of Seoul. Dow Electronic Mat-
erials expects to expand the site in
the future to manufacture other
metalorganic materials in addition to
TMG. The firm currently manufac-
tures TMG and other metalorganic
precursors in North Andover, MA,
while packaging is performed in both
North Andover and Taoyuan, Taiwan. 
www.dow.com 
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Dow to expand TMG capacity to serve LED market 
US expansion and new Korea plant to add 60 metric tons per year 

5N Plus Inc of Montreal, Canada, a
producer and provider of high-purity
metals and compounds for electronic
applications, has agreed to sub-
scribe convertible debt of Sylarus
Technologies LLC of Saint George,
UT, USA, which produces germa-
nium substrates for manufacturing
multi-junction photovoltaic cells.
The financing is designed to help
fund Sylarus’ expansion plans. 
Concurrently, 5N Plus and Sylarus

have also entered into a long-term
supply and recycling agreement
under which 5N Plus will provide
high-purity germanium feedstock
to Sylarus and will recycle 
germanium-containing residues
from Sylarus’ crystal growing and
wafer manufacturing activities. 
“Sylarus is one the very few 

germanium substrate suppliers
used for high-efficiency solar cells
in both space and terrestrial appli-
cations,” says 5N Plus president &
CEO Jacques L’Écuyer. “This is an
area of the solar market that we
were not addressing through our
existing product offering. Together

with the supply and recycling
agreement we entered into with
Sylarus, this financing further
strengthens our germanium-
related activities and provides a
valuable outlet for our subsidiary
Firebird's line of products,” he adds. 
Last December, 5N Plus acquired

Firebird Technologies Inc of Trail,
British Columbia, Canada, a 
manufacturer of compound 
semiconductor products and pure
metals including indium antimonide
(InSb) wafers as well as antimony,
indium and tin pure metals, and
germanium feedstock. 
“5N Plus’ financing will enable us

to more effectively implement our
expansion plans,” comments
Sylarus president Scott Mitchell. 
“In addition, Sylarus will be 
provided with a reliable and 
high-quality germanium feedstock
and cost-effective recycling options...
We expect a positive impact on 
our business from working with 
5N Plus.” 
www.5nplus.com 
http://sylarus.com 

5N provides financing to Sylarus and
enters Ge supply & recycling dealDirector of business

development for IQE
Epiwafer foundry and substrate
maker IQE plc of Cardiff, Wales, UK
has appointed Adrian Meldrum to
its main board as business devel-
opment director, with specific
responsibility for further develop-
ing its optoelectronic business,
which includes consumer opto-
electronic product lines and
third-generation concentrator
photovoltaics (CPV). He will also
be responsible for developing
IQE’s solid-state lighting (SSL)
business, through its recently
acquired NanoGaN subsidiary.
Meldrum, who joined IQE in

October 2009, has more than 15
years experience in the optoelec-
tronics sector. He has held a
range of technical and commer-
cial roles with JDSU and, more
recently, business development
and sales & marketing roles at
Bookham (now Oclaro), where
he was executive VP & general
manager of the Telecom Division.
www.iqep.com

IN BRIEF



Building on its focus to cater to the
needs of upcoming technology
developments in not only TFT-LCDs
but also LED manufacturing in
China, Linde LienHwa (LLH), which
is  a joint venture between gases
and engineering firm The Linde
Group and LienHwa MiTac Group of
Taiwan, is further strengthening its
commitment to China by construct-
ing an ultra-high-purity ammonia
(NH3) plant in Xiamen, Fujian
province in south-eastern China.
An increasing number of 

Taiwanese LED wafer manufacturers
are investing in China. A key driver
of growth in LED display 
manufacturing in China is due to the
Home Appliance Subsidy Program
in Rural Areas, an initiative that is
driving the mass adoption of LCD
TVs in the country, with LEDs
increasingly used as backlights.
The initiative aims to improve the

quality of farmers’ lives, balance
the country's urban and rural
development, shift the emphasis of
economic growth from exports to
domestic demand and encourage
manufacturers to design products
suitable for rural use.
The new plant, together with

Linde’s on-site
ammonia 
central supply
scheme, aims
to reduce cost
and increase
supply reliabil-
ity to customer
sites in the
region. 
Operational

from June, the
plant should help to service LLH’s
recent wins with Chinese LED 
manufacturers.
www.linde.com 
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Linde building ammonia plant in
China to supply local LED makers Russian research

institute orders
Riber MBE system
Riber S.A. of Bezons, France,
which manufactures molecular
beam epitaxy (MBE) systems as
well as evaporation sources and
effusion cells, has received an
order for a SIVA21 research sys-
tem from The Lebedev Physical
Institute of the Russian Academy
of Sciences (LPI RAS) in Moscow.
The SIVA21 will be installed

alongside an existing Riber Com-
pact21 system at the Laboratory
of Molecular Beam Epitaxy, which
is headed by professor Igor P.
Kazakov. LPI RAS will use the
system for fundamental investi-
gation of the epitaxial growth of
experimental silicon germanium
(SiGe) based heterostructures
with quantum wells.
www.riber.com

IN BRIEF

Operational
from June, the
plant should
help to service
LLH’s recent
wins with
Chinese LED
manufacturers



Veeco Instruments says that its
operation in St. Paul, MN has been
awarded $800,000 in matching
funds by the Minnesota Department
of Commerce’s Office of Energy
Security (OES) provided by the
American Recovery and Re-invest-
ment Act to support emerging
renewable energy technology. 
The matching funds were awarded

for a 1.5 year project that aims to
expedite Veeco’s copper indium
gallium diselenide (CIGS) deposition
equipment technology to market.
The firm says the technology can
help panel makers to cut production
costs and increase the feasibility of
solar as an alternative energy. 
“Veeco will facilitate the develop-

ment of this critical technology, 
creating green energy jobs,” says
David Bruns, senior VP of Veeco’s
Solar Operations. “We would like to
acknowledge the integral support
of MN District 53B House Represen-

tative Carol McFarlane, in addition
to MN District 53 Senator Sandy

Rummel, 
MN 4th District
Congress-
woman 
Betty McCollum
and other 
various high-
ranking elected
government
officials.” 

In total, the state of Minnesota
awarded just over $4m in funding
for the Emerging Renewable Energy
Industries Grant Program. Veeco’s
proposal was one of about nine
selected by the OES. The purpose
of the grant program is to provide
funding for a portion of the cost of
multiple activities to promote
improved economic performance of
both the direct recipient and its
Minnesota suppliers and customers. 
www.veeco.com 

At the 35th IEEE Photovoltaic Spe-
cialists Conference in Honolulu, HI,
USA (20–25 June), ultrapure steam
purification firm RASIRC of San
Diego, CA, USA presented data on
how ultrapure water vapor can
enhance thin-film integrity in
atomic layer deposition (ALD),
metal-organic chemical vapor dep-
osition (MOCVD), and sputtering
processes.
The poster ‘Water Vapor Delivery for

CIGSe and Other Thin Film Vacuum
Processes’ highlighted a method for
the control and delivery of water
vapor that excludes particles, micro-
droplets, volatile gases, and other
oppositely charged species from
being transferred to the carrier gas.
ALD, MOCVD and sputtering

processes are used to generate
transparent conductive oxide (TCO)
layers and to modify crystal struc-
tures via grain size or defect repair.

Direct flow control of the water
needed in such applications is diffi-
cult due to the expansion of 1 gram
of water to 1244cc of gas at room
temperature and atmospheric pres-
sure. Volume flows needed in sput-
tering are often less than 0.1sccm.
The presentation hence explained a
method used for the control and
delivery of water vapor that can
determine actual selectivity in vac-
uum processes and the resulting
improved thin-film layer integrity.
“The ability to precisely deliver

water vapor free from atmospheric
contaminants is critical to film
integrity,” says founder & president
Jeffrey Spiegelman. “We have
found methods of delivering pure
water vapor which not only improve
results, but that are safe, cost
effective, and easy to employ,” he
adds. 
www.rasirc.com 
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Minnesota awards Veeco $800,000
funding for CIGS PV project Veeco appoints ex-

Intel and Raychem
veteran to board 
Epitaxial deposition, process, and
metrology equipment maker
Veeco Instruments Inc of Plain-
view, NY, USA says that Gordon
Hunter has been appointed to its
board of directors.
"We look forward to having the

advice and strategic thinking of a
seasoned technology industry
veteran," says Veeco’s CEO 
John R. Peeler. "Gordon has a
deep background in international
sales, marketing and operations,”
he adds. “As Veeco continues to
rapidly expand our business
globally in the high-growth 
‘clean tech’ segment, we are
confident that Gordon will be a
valued advisor.” 
Hunter has been a director 

of Littelfuse Inc (a provider of
circuit protection products and
solutions with annual sales of
$430m in 2009) since June
2002, becoming chairman, 
president & CEO in January
2005. He also serves on the
Council of Advisors of audio
products maker Shure Inc. 
Previously, Hunter was VP, Intel

Communications Group, and
general manager, Optical Prod-
ucts Group, responsible for 
managing Intel’s access and
optical communications business
segments within the Intel 
Communications Group. Prior to
joining Intel in February 2002, he
was president of Raychem Corp
subsidiary Elo TouchSystems.
During a 20-year career at 
Raychem, Hunter served in roles
including VP of Commercial 
Electronics and a variety of sales,
marketing, engineering and
management positions. He also
holds a BS in electrical engi-
neering from the UK’s University
of Liverpool and an MBA from
London Business School.
www.veeco.com 
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RASIRC presents water vapor delivery for
CIGSe and thin-film vacuum processes 

Veeco will
facilitate the
development
of this critical
technology,
creating green
energy jobs





Deposition equipment maker Aix-
tron AG of Aachen-Herzogenrath,
Germany says that in fourth-quarter
2009 it received an order for a
CRIUS MOCVD deposition system
(in 3x2”-wafer configuration, and
equipped with an ARGUS multi-
channel pyrometer) for delivery in
Q2/2010 to the University of Duis-
burg-Essen’s Center for Semicon-
ductor & Optoelectronics (ZHO) for
its nitride nanowire research proj-
ect NaSoL (Halbleiter-Nanodrähte
für Solarzellen und Leuchtdioden).
Partners in NaSoL (which translates

as ‘Semiconductor nanowires for
solar cells and LEDs’) are Aixtron,
University of Duisburg-Essen’s ZHO
and the Department of Electronics
Materials and Nanostructures. 
Supported by the state of
Northrhine-Westfalia and funded
under the Objective 2-competition
NanoMikro + Werkstoffe NRW, the
project was formally approved and
started during Q3/2009. 
NaSoL aims to create a new 

generation of semiconductor
nanowires for solar cells and LEDs,
and replace more costly traditional
nanowire semiconductor fabrication
techniques with MOCVD. Nanowire-
based materials are said to be
more efficient in absorbing and

emitting light, and also promise
very low losses in energy transport.
The nanoscale coaxial core–shell
heterostructure of a nanowire
device has a larger surface area, so
it absorbs more light and delivers
better efficiency, it is claimed.
“We selected the Aixtron CCS sys-

tem as part of the university’s initi-
ative to acquire
a nitride mat-
erial system for
the nitride
nanowire
NaSoL project,”
says professor
Franz-Josef
Tegude, chair
of Semicon-

ductor Technology. “Our experience
with Aixtron equipment goes back
a long way — we were one of their
very first customers,” he adds. 
“The reactor’s combination of 
features including the minor/low
rotational velocity is also very
impressive. Of course, we also took
into consideration our project part-
nership.” The NaSoL Project aims to
achieve production of GaN- and
(Al,Ga,In)N-based semiconductor
nanowires for improved efficiency
solar cells and LEDs. 
www.nasol.de
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Chinese GaN 
HB-LED makers
buy CRIUS reactors  
Aixtron says that in Q4/2009 it
received orders from two cus-
tomers in China, each for two
CRIUS Close Coupled Showerhead
MOCVD systems (in 31x2”-wafer
configuration) for GaN-based
HB-LEDs production (installed
and commissioned by the local
Aixtron support team).
Delivered in Q2/2010 to the

Institute of Semiconductors of
Chinese Academy of Sciences
(ISCAS) research group of
Yangzhou Zhongke Semiconductor
Lighting Center Co Ltd (founded in
October 2007), the two reactors
will produce LEDs for streetlight-
ing and display backlighting. 
“Our research group, ISCAS,

has been using our first Aixtron
system [a 31x2” CRIUS for
blue/green HB-LEDs, delivered in
Q4/2008 to Zhongke’s facility in
the Yangzhou High-Tech Venture
Services Center],” says general
manager Dr Wang GuoHong.
“Now, however, we need a new
capability that gives us high
throughput but with lower cost
and easy operation.” 
Existing customer Xi An Zoom-

light (ZoomView) ordered two
CRIUS systems, for delivery to its
new plant over second- to third-
quarter 2010. “The primary rea-
son we have selected the Aixtron
MOCVD systems is because of
their good margin for further uni-
formity tuning,” says chief tech-
nical officer Dr Li PeiXian. “This is
very important for high-end HB-
LED production,” he adds. 
Also for GaN HB-LED production,

at the end of 2009, Xiamen-based
Sanan Optoelectronics Co Ltd
bought multiple 31x2” CRIUS
systems (commissioned by 
Aixtron’ in first-half 2010) for its
new plant in Tianjin. 
http://sanan-e.com/en/index.aspx
http://en.yzled.org

IN BRIEF Aixtron MOCVD system for
University of Duisburg-Essen’s
NaSoL nitride nanowire project

Aixtron says that Philips Lumileds
Lighting Company has ordered an
additional AIX G5 HT MOCVD
reactor for the production of its
LUXEON power LEDs.
“The G5 system’s fully auto-

mated operations through integ-
rated wafer handling make this
new MOCVD system platform very
attractive for us and is one of the
reasons we are adding another G5
system at our San Jose facility,”
says Lumileds’ chief procurement

officer Mike Pugh. 
“With the introduction of our new

innovative technologies in our
next-generation platform, the AIX
G5 HT, we provide a new system
to our customers that enables
more than the doubling of produc-
tivity compared to the previous
MOCVD generation,” says Aix-
tron’s VP marketing Dr Rainer
Beccard. 
www.philipslumileds.com 
www.aixtron.com 

Lumileds orders further Aixtron AIX G5 HT
system for LUXEON power LED production  

NaSoL aims to
create a new
generation of
semiconductor
nanowires for
solar cells and
LEDs





At the 15th
International
Conference on
Metal Organic
Vapor Phase Epi-
taxy (IC MOVPE
XV) in Lake
Tahoe, NV, USA
(23–28 May),
Veit Hoffmann of
Germany’s 
Ferdinand Braun
Institute Berlin
(FBH) presented
how, to control
the growth of
GaN-based laser
diodes, LayTec’s
new Pyro 400
tool has been
used for direct
temperature
measurements
on the wafer
surface and its EpiCurve TT tool 
has been used to control wafer
bowing and pocket temperature 
(V. Hoffmann et. al. ‘Uniformity of
the wafer surface temperature dur-
ing MOVPE growth of GaN-based
laser diode structures on GaN and
sapphire substrate’, submitted to 
J. Crystal Growth, ICMOVPE XV
proceedings). 
Hoffmann investigated the 

influence of different substrate
materials (sapphire and GaN) and
different growth conditions on
wafer bow and the temperature
uniformity during growth of the
laser’s active region. 
The figure shows an example of

temperature measurements during
the growth of AlGaN buffers on
GaN. After changing the pressure
from 600mbar to 60mbar and 
H2 gas to 70%H2/30%N2, the tem-
perature dropped. The EpiCurve TT,
which measures the 950nm-
wavelength pyro emission, showed
that the pocket temperature 
(red curve) fell insignificantly,
whereas the GaN surface tempera-
ture measured by the Pyro 400 fell

by 75K (orange curve). This 
difference could not have been
detected without the Pyro 400,
says LayTec. 
The study proves that the wafer

surface temperature is affected by
changes in pressure and gas phase
much more strongly than the
pocket temperature. This is
because the modified thermal 
conductivity and the thermal
capacity of the gases at low reactor
pressure results in an increased
vertical temperature gradient
between the pocket and ceiling. 
“With Pyro 400 we obtain valuable

information about temperature
effects that are not visible to the
conventional infrared pyrometers,”
comments Hoffmann. “This is the
best method to improve the 
uniformity of the surface tempera-
ture,” he believes. By using a 
convex pre-bowed GaN substrate
and changing the growth condi-
tions, the active region could hence
be deposited on nearly flat wafers
with homogeneous temperature
distribution. 
www.laytec.de 
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Cascade appoints
president & CEO 
The board of directors of Cascade
Microtech Inc of Beaverton, OR,
USA, which provides production
test products including probe cards
and test sockets for wafers, ICs,
packages, circuit boards and
modules as well as MEMS and
LED devices, has named Michael
D. Burger as president & CEO
(starting on 6 July). Burger was
also elected to the board.
Most recently, Burger was presi-

dent & CEO of Beaverton-based
PCB maker Merix Corp, a sub-
sidiary of Viasystems Group Inc,
where he worked since 2007 and
where he will continue to serve
on the board. Previously, he was
president of the Components
Business of Flextronics Corp. Prior
to Flextronics, he was president
& board member of ZILOG Corp. 
For more than 20 years, Burger

has grown high technology busi-
nesses both domestically and in
China, says Cascade. The firm
reckons that his extensive expe-
rience will be important to its
global businesses development.
Burger also holds a B.S. degree
in electrical engineering from the
New Mexico State University and
a certificate from the Stanford
University International Execu-
tive Management Program.
“Michael’s background in elec-

tronics manufacturing and semi-
conductor-related industries
makes him a perfect fit as Cas-
cade’s new CEO,” believes chair-
man Dr F. Paul Carlson. “He will
make significant, long-term posi-
tive contributions to Cascade.” 
“Cascade Microtech has great

technology strengths, large and
expanding market opportunities
and a dedicated group of
employees worldwide,” says
Burger, who targets continuing
operating improvements and
enhancing customer satisfaction. 
www.cascademicrotech.com 

IN BRIEF FBH uses Pyro 400 to measure GaN
surface temperature uniformity  

Pocket temperature measured by EpiCurve TT at 950nm
(red curve) and GaN surface temperature measured by
Pyro 400 (orange curve). 



To meet increasing interest in its 
in-line metrology systems for photo-
voltaic applications, LayTec GmbH
of Berlin, Germany, which provides
in-situ optical metrology equipment
for thin-film processes, says that it
is expanding its distribution network
through cooperation with two new
distribution partners in Asia. 
In Korea, LayTec will work with

Seoul-based DKSH Korea Ltd, part
of the privately held DKSH Group of
Zurich, Switzerland. As a provider
of market expansion services,
DKSH offers a broad portfolio of
technical and service solutions. 
LayTec aims to use DKSH’s business

contacts and market expertise to
develop further PV sector business. 
In Taiwan, LayTec’s PV products will

be represented by MOS Technology
Inc of Zhubei City, Hsinchu County.
Founded in 1997, MOS offers solu-
tions and after-sales service. 

www.mostech.com.tw 
www.dksh.kr 
www.laytec.de
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LayTec gains distributors DKSH Korea
and MOS Technology Taiwan 

LayTec has appointed Dr Oliver
Schulz as a new sales engineer,
responsible for handling customer
relations, coordinating sales activ-
ities and supporting distributors in
South Korea and Russia. 
Schulz obtained his diploma and

Ph.D. degree at the Technical Uni-
versity (TU) Berlin, working on
Zn(Cd)Se-based semiconductor
lasers and (Ga)As quantum dot
lasers emitting in the green and
infrared wavelength ranges,
respectively. At TU Berlin he also
gained broad experience in device
processing technology, especially

plasma-based
processes (e.g.
PECVD and ICP-
RIE). In 2007
he joined epi-
wafer foundry
Azzurro Semi-
conductors AG,
a spin-off of

Germany’s Otto-von-Guericke
Universität Magdeburg, as a sen-
ior R&D manager. At Azzurro,
Schulz dealt with gallium nitride
on silicon (GaN-on-Si) technology,
in particular with FETs on large-
diameter silicon substrates. 

LayTec appoints sales engineer for business
development in South Korea and Russia 

MOS Technology’s president Lin and
LayTec’s president Dr Zettler sign
contract in LayTec’s new office.

Since staffing has grown to 60,
LayTec is expanding its Berlin
headquarters by a further 800m2

in 2010. Also, as it is experiencing
further growth, it seeks new staff
to continue the fulfillment of cus-

tomer needs as well as product
development. Posts are open in the
PV sections of R&D and sales for: 
●an experimental physicist; and
●a manager for business develop-
ment, PV. 
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Vacuum and exhaust-management
equipment maker Edwards Ltd of
Crawley, UK has opened a new
5000m2 service centre and sales
office in Jhunan Town’s Kuan Yian
Industrial Park in MiaoLi County,
Taiwan to support customers in the
industrial, solar, semiconductor,
flat-panel and rapidly growing LED
sectors. All staff at its existing
premises in Toufen will transfer to
the new larger facility, which is
closer to the firm’s major Tai-
wanese customers.
Edwards supplies dry and turbo

pumps to the 300mm semiconductor
fab, flat-panel and silicon solar
industries in Taiwan, with more
than 20,000 pumps installed. The
firm also provides abatement prod-
ucts to Taiwan’s semiconductor,
flat-panel and solar industries, and
has installed more than 1200 gas
abatement systems locally.
Edwards says that its Taiwanese

business has had a successful start
to 2010, with record orders already
received from all market sectors,
and the new facility will help to fur-
ther develop the business. It will

initially employ about 180 staff and
provide field service, sales, cus-
tomer care and remanufacturing
services for Edwards’ products as
well as supporting solar customers
across Asia. 
“Our new facility includes a state-

of-the-art re-manufacturing and
service operation, providing
improved turnaround time to cus-
tomers, and also enables us to hold
support stock and spares closer to
our users,” says Roger Wu, Edwards’
country manager for Taiwan. 
The facility has been designed and

constructed using lean manufac-
turing methodology. The use of Value
Stream Mapping and understand-

ing of TAKT time (the pace of pro-
duction required to meet customer
demand) has led to the develop-
ment of high-volume multi-product
flow lines which remove workflow
waste and provide a platform for
further growth and flexibility. 
The centre already has obtained

ISO14001 and two EHS certificates,
and is working towards achieving
ISO9001:2008 quality certification
in 2011. Environmentally friendly
features of the building include low-
power-consumption lights that
switch off automatically, and over
80% of its water is recycled. 
“By 2012, at least 60% of Edwards’

business will be in Asia,” says Neil
Lavender-Jones, president Asia
Pacific for Edwards. “Taiwan is a key
market for us, and our investment
in this new service centre demon-
strates our commitment to our Tai-
wanese customers,” he adds. “By
having a dedicated service facility in
Taiwan we will be able to provide a
faster turnaround for our products,
which is vital to our customers in
these high-growth sectors.” 
www.edwardsvacuum.com

Edwards opens new Taiwan service centre and sales office 

Suss MicroTec of Garching, near
Munich, Germany has introduced
the next generation of its MA100e
mask aligner, a dedicated lithogra-
phy system for manufacturing
high-brightness light-emitting
diodes (HB-LEDs).
LED equipment makers need to

support the significant growth in
LED production being driven by
demand for LED backlighting for
TVs, monitors and other systems,
notes Suss MicroTec. The firm says
that it has therefore designed an
automatic mask aligner that meets
the cost-sensitive technology
requirements of the LED industry. 
Based on Suss MicroTec’s produc-

tion-proven mask aligner design,
the automatic MA100e Gen2
processes wafers up to 4 inches
and enables a throughput of 145

wafers per hour with reduced cycle
times, says the firm. The MA100e

Gen2’s high-intensity exposure
optics and pre-alignment options
shorten process time, while func-
tionalities like proximity exposure
for high resolution down to 2.5µm
maximize yield and cost-efficiency.
“We have clearly noted the grow-

ing demand for sophisticated HB-
LED technology and see the trend
towards lower cost of ownership
resulting from higher automation in
the LED industry,” says president &
CEO Frank Averdung. “With the
next generation of the MA100e
Suss MicroTec has developed a
highly efficient automatic mask
aligner solution for LED production
that helps our customers to cut
down cost per lumen and increase
their production efficiency,” he
claims. 
www.suss.com 

Edwards’ new Taiwan service center. 

Suss launches automatic mask aligner for HB-LEDs

Suss MicroTec’s automated  MA100e
Gen2 mask aligner for HB-LEDs. 



UK-based equipment maker Oxford
Instruments Plasma Technology
(OIPT) has recently developed the
new feature ‘N2 Standby Mode’ for
use with its dry pumps to save energy
and nitrogen used by its plasma
etch, deposition and growth systems. 
Previously, systems with dry

pumps have had their nitrogen
purge set continually at up to 35
litres per minute, but the nitrogen
only needs to run at these levels
when the chamber is running
process gases. 
The new Dry Pump N2 Standby

Mode can save up to 96% of nitro-
gen gas usage when in ‘standby’
mode compared to usage during
processing, reckons OIPT. When
systems are just pumping, on ‘idle’
or ‘standby’ mode, the nitrogen inlet
to the dry pump can be controlled
to reduce the amount of N2 enter-
ing the pump, while still continuing
to purge the pump bearings. 

As well as benefiting the environ-
ment, the capability offers significant
cost reductions, says the firm.
The pump can be set via Oxford

Instruments’ PC2000 system soft-
ware to run the pre-set flow of
nitrogen for a set period prior to
and after a process has completed
its run, allowing all gases to be
safely diluted and pumped away,
before returning to the N2 Standby
Mode. Initially this new capability
can only be offered on systems
configured with Adixen pumps. It is
integrated as standard on new
OIPT systems. 
“Oxford Instruments was recently

promoted to the FTSE Green Index
and this new capability is just one
of a number of initiatives we are
undertaking to reduce our — and
our customers’ — carbon footprint,”
comments sales & customer support
director Mark Vosloo. 
www.oxford-instruments.com 
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Standby Mode dry pump system
upgrade to save up to 96% N2

‘Oi Service’ customer
support expanded 
OIPT has expanded its ‘Oi Service’
customer support offering by
launching a wide range of new
services and products. 
New Flexible Support Agreement

Packages and Spares Kit Packages
aim to give customers the ability to
choose levels of system support
tailored to their requirements. Due
to its broad customer base, OIPT
recognizes that customers have
varied requirements, so the new
packages enable them to personal-
ize their support, saving unneces-
sary costs that are inevitably
factored in to ‘standard’ packages.
The varied new Upgrade range

aims to save energy, time and
improve the functionality of systems
already installed. These include the
energy- and gas-saving Dry Pump
Standby Mode, a Gas Pod upgrade
offering extra flexibility, improved
end-pointing capabilities, an
upgrade to OIPT Cryo Tables, and a
range of Control System upgrades. 
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UV-visible-NIR microscope and
microspectrometer manufacturer
CRAIC Technologies of San Dimas,
CA, USA has launched the 20/20
Film microspectrophotometer,
designed to measure the thickness
of thin films of sub-micron sampling
areas rapidly and non-destructively. 
Able to analyze films of many

materials on both transparent and
opaque substrates, the 20/20 Film
enables the determination of 
thin-film thickness on everything
from semiconductors to MEMS
devices to hard disk drives to 
flat-panel displays. When combined
with CRAIC's proprietary contami-
nation imaging capabilities, the
new microspectrophotometer rep-
resents a step forward in capabili-
ties and flexibility, claims the firm. 
“Many of our customers want to

measure the thickness of thin films
of smaller and smaller sampling
areas for rapid quality control of
their products,” says president 
Dr Paul Martin. “The 20/20 Film
microspectrophotometer was built
in response to customer requests

for a powerful, flexible film thick-
ness tool that can measure sub-
micron areas on both transparent
and opaque substrates,” he adds.
“It can also be configured for 
contamination analysis, concen-
tration and relative intensity 
mapping.” 
The complete 20/20 Film solution

combines microspectroscopy with
software to enable the user to
measure film thickness by either
transmission or reflectance of 
many types of films and substrates.
Due to the flexibility of the design,
sampling areas can range from
over 100 microns to less than a
micron in width. Designed for the
production environment, it incorpo-
rates a number of easily modified
processing recipes, the ability to
create new film recipes, and tools
for analyzing data as well as
options for automation including
touchscreen control. The ability to
directly image and analyze films
with ultraviolet, visible and NIR
microscopy can also be added to
the instrument, says the firm. 

CRAIC introduces microspectrophotometer for thin-film
thickness measurement of sub-micron areas 

CRAIC Technologies has also
launched the 20/20 Solar
microspectrophotometer, which is
designed to measure the thickness
of thin films as well as the optical
efficiencies and clarity of photo-
voltaic cells. This can be done by
both transmission and reflectance,
whether the solar cells are the 
traditional crystalline silicon 
substrates or a thin-film variety.
The firm adds that the tool can
also be used to measure the trans-
missivity and reflectivity of many
of the components used to manu-
facture PV cells such as protective
glasses and concentrator modules. 
The tool can also be combined

with CRAIC’s proprietary contami-
nation imaging capabilities to
locate and identify process 

contaminants, representing a step
forward in metrology instrumenta-
tion for the photovoltaic industry,
it is claimed. 
“The

20/20 Solar
micro-
spectro-
photometer
was built in
response to
customer
requests for
a powerful,
flexible
metrology
tool that
can test a
number of
different
aspects of

many different photovoltaic
devices,” says president 
Dr Paul Martin. The tool is also
multifunctional, in that it can be
configured to measure thin-film
thickness and to analyze optical
efficiencies and spectral character-
istics of solar cells and their 
components, for locating and 
identifying contaminants in the
production process. Other features
such as contamination analysis
can also be added. 
As with the recently launched

20/20 Film microspectrophotome-
ter tool, due to the flexibility of the
system’s design, sampling areas
can range from more than 100
microns to less than a micron in
width. 
www.microspectra.com 

CRAIC’s new 20/20 Film micro-
spectrophotometer, for rapid and 
non-destructive measuring of thin
films of sub-micron sampling areas. 

Microspectrophotometer launched for solar cell testing 

The tool can 
also be used to
measure the
transmissivity
and reflectivity 
of many of the
components used
to manufacture
PV cells such as
protective
glasses and
concentrator
modules
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At Intersolar North America 2010 in
San Francisco, CA, USA on 13–15
July, machine vision system maker
Xiris Automation Inc of Burlington,
Ontario, Canada will launch TFI-FLEX,
an inspection system for detecting
defects in flexible thin-film photo-
voltaic cells. Designed for in-line
quality control, the tool can detect
defects in the surface quality and
chemical deposition of cells at mul-
tiple points along a production line.
The system performs visual

checks on the activated side of a
flexible thin-film cell, looking for
defects that are specific to quality
issues arising from the handling
and manufacture of thin-film cells,
including topological defects such
as scratches, bumps and dents, as

well as print/deposition defects
such as chemical deposition flaws,
stains, spots, watermarks, finger-
prints, and color variations.
The system uses a proprietary

method of acquiring images with
very low optical distortion in color
and/or monochrome mode, detect-
ing defects that are much smaller
than 1mm in size. TFI-FLEX can be
used for inspecting cells after depo-
sition, after laser etching, after
printing, and after final environ-
mental coating of the cells. Xiris
says that the system can easily be
retrofitted into existing lines and
can be configured to include multi-
ple inspection modules (each with a
solution-optimized design).
www.xiris.com

JP Sercel Associates Inc (JPSA) of
Manchester, NH, USA, which makes
UV laser-based materials process-
ing workstations for wafer process-
ing and micromachining, has
appointed John Bickley as world-
wide sales & marketing director,
tasked with further expanding
JPSA’s customer base.
“He has an impressive background

in building sales and market share
in key technology markets,” says
president Charles Cuneo. “This is
exactly what JPSA needs as we
continue to develop our worldwide
presence.” 
Bickley has more than 20 years

experience in sales & marketing for
advanced technology companies,
including KLA and Keithley Instru-
ments. Most recently, he was 
director of business and product
development for Resodyn Acoustic
Mixers Inc. He has also held key
marketing and sales positions at
other technology firms, including
Marconi Communications and 
Cambridge Instruments Ltd. 

Xiris launches inspection systems
for flexible thin-film PV cells 

JPSA hires sales & marketing director
and customer service manager 

JPSA has also appointed James
Porter as worldwide customer serv-
ice manager, focusing on building
an infrastructure to create a cus-
tomer service organization.
Porter brings more than 12 years

experience of managing customer
service departments of technology
firms in the semiconductor industry.
Prior to JPSA, he was director of
Service & Customer Support at
BlueShift Technologies, establishing
the service framework for its
automation equipment. Previously,
he was global product support
manager for 10 years at metrology
equipment firm Cameca Instruments.
www.jpsalaser.com

Bickley (left) and Porter (right). 



Kyma Technologies Inc of Raleigh,
NC, USA, which provides crystalline
gallium nitride (GaN) and 
aluminum nitride (AlN) materials
and related products and services,
has announced its expansion plans
along with new financing provided
by Neuse River Development
Authority (NRDA) of New Bern, NC,
a non-profit small business lender
serving a 10-county region in 
eastern North Carolina. 
Kyma has doubled its staff over

the past two years and is running
out of expansion space in its cur-
rent facility on Midway West Road.
A second facility within a mile of its
headquarters was recently leased
and will be used to house the firm’s
back-end processing line. This will
free up space in the current facility
for the addition of several new
crystal growth tools, which will 
support increased production of
several current products as well as
the development of new product
lines. 
“This will allow us not only to add

new equipment, it also allows us to
rethink our overall layout and to

reallocate existing space so that we
are better positioned to execute on
our plans,” says Kyma’s director of
business development Heather
Splawn. 
Kyma’s expansion will be 

supported by new financing which
the firm closed on in early June and
which is available through NRDA.
“We are hopeful that this is the
beginning of a long and mutually
satisfying relationship,” comments
Kyma’s president & CEO Keith Evans.
“Also, we are grateful to our local

economic development community,
including Bernard Torain of the 
NC Department of Commerce, 
Adrienne Cole at the City of Raleigh
(Greater Raleigh Chamber), and
George Vital of the USDA, for 
taking the time to understand our
needs and ultimately for connecting
us to the people at NRDA,” he adds. 
Kyma says that it is also looking 

at further growth opportunities,
including a large manufacturing
facility at a location yet to be 
determined. 
www.kymatech.com 
www.nrda.org 
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Rubicon offering
raises $61.5m to
fund expansion

Rubicon Technology Inc of
Franklin Park, IL, USA, which
makes monocrystalline sapphire
substrates and products for the
LED, RFIC, semiconductor and
optical industries, has closed its
public offering of common stock
(announced on 11 June) at a
price of $30 per share. 
Of the 3,029,100 shares sold,

2,195,100 were sold by the firm
(including 395,100 pursuant to
the full exercise of the underwrit-
ers' 30-day over-allotment
option) and 834,000 were sold
by selling stockholders.
Net of estimated offering

expenses and underwriting dis-
counts and commissions, total
proceeds were about $85.2m,
including about $61.5m to Rubi-
con and $23.7m to selling stock-
holders. The firm expects to use
proceeds to expand its crystal-
growth and post-crystal-growth
manufacturing facilities as well
as for working capital and other
general corporate purposes.
www.rubicon-es2.com 

IN BRIEF

Monocrystal Inc of Stavropol, 
Russia, which provides sapphire
products and metallization pastes
to semiconductor, optical, and 
photovoltaic industries, has
appointed Oleg V. Kachalov as CEO. 
He succeeds Andrey V. Kravchenko,

who has been promoted to vice
president of parent firm Energomera’s
Electronic Materials business and
will supervise Monocrystal as a part
of his new responsibilities. 
Kachalov joined Monocrystal in

2002 and has served in various
capacities including chief technical

officer and VP of sales & marketing.
Prior experience includes research
and lecturing in advanced materials
for solid-state electronics at
Stavropol State Technical University
(SSTU) and two years of scientific
fellowship at Hamburg University of
Technology (HHUT). Kachalov holds
a Master’s degree in solid-state
electronics and a PhD in materials
science from SSTU. 
“As we continue sustainably

developing Monocrystal into a
global market leader, the changes
are an excellent indication of our

capability of growing new leaders
and strengthening expertise of 
our management board,” says
Energomera’s president & founder
Vladimir Polyakov. 
Monocrystal is currently expand-

ing its manufacturing capacity in
response to the LED and solar
energy market growth after 
receiving a five-year, $10m loan
last December from International
Finance Corp (IFC, a member of
the World Bank Group). 
www.energomera.ru 
www.monocrystal.com 

Russian sapphire substrate maker Monocrystal
appoints new chief executive officer 

Nitride materials maker Kyma to
expand via debt financing from NRDA 
New crystal growth tools to boost production
and support new product development 





Bridgelux has earned Underwrit-
ers Laboratories (UL) recognition
for its entire portfolio of LED Array
light sources, which includes the
LS, ES and RS products. Bridgelux
says certification should accelerate
the introduction of new LED lighting
products by making it possible to
obtain UL Listed status for new
lamps and luminaires built with its
arrays without requiring a full in-
system LED component evaluation. 
“UL’s Component Certification

program helps to reduce the cost
of end-product certification and
speed the time to market for lamp
and luminaire manufacturers by
eliminating redundant testing of
commercially available LED light
sources,” says UL lighting business
manager Doug Lockard. “This pro-
gram allows lighting manufactur-
ers to identify products that are

pre-approved to comply with
safety requirements in finished
lighting systems, accelerating the
UL Listing process.” 
“A significant number of LED

lamp and luminaire manufacturers
are seeking UL Listing in order to
successfully sell their products
into the US market,” says VP of
marketing Jason Posselt. “By
using Bridgelux Arrays, our cus-
tomers can confidently design and
manufacture with independent
direction and support from UL and
dramatically shorten the approval
cycle.” 
The ES, LS, and RS Arrays can

now be found in UL’s Online Certifi-
cations Directory. They are compli-
ant with UL 8750, the standard for
safety of LED equipment in lighting
products. 
www.ul.com

Bridgelux earns UL recognition for portfolio
of LED Array products 
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LED lighting and chip making firm
Bridgelux Inc of Livermore, CA,
USA has announced the commer-
cial availability of its ES and RS LED
Array products in a neutral-white
color temperature (4100K). The
new arrays extend Bridgelux’s port-
folio across the white color spec-
trum, aiming to drive the
increasingly rapid transformation of
high-volume outdoor area and
commercial lighting applications. 
Neutral white is the latest addition

to Bridgelux’s ES Array Series,
offering light output options of 400,
800 and 1200 operational lumens.
The new products increase energy
efficiency by more than 40% over
previous neutral-white product
generations while reducing the
price per lumen. The neutral-white
RS Array delivers 3400 operational
lumens, complementing the exist-
ing RS Array product line which
offers 3100 lumens in warm white
and 4500 lumens in cool white. 

Bridgelux claims it provides the
widest LED array performance range,
from 240 to 4500 ‘hot’ or operational
lumens, displacing incandescent,
halogen, compact fluorescent lighting
(CFL) and high-intensity discharge
(HID) light sources. The broad prod-
uct portfolio provides wide-ranging
options for developing replacement
lamps and luminaires for a market
that is rapidly transitioning to energy-
efficient lighting, says the firm. 
“Bridgelux is delivering a broad

range of design options with effica-
cies that enable the development of
lighting products that meet both
market demands and global regula-
tory requirements,” says VP of mar-
keting Jason Posselt. “Our expanding
portfolio reflects Bridgelux’s core
strength — the ability to reduce
design complexity and product
development risk for our customers
while aggressively driving down the
cost of solid-state lighting.” 
www.bridgelux.com 

Neutral-white LED arrays deliver
4100K color temperatureBridgelux wins

2010 Bourne
Technology Award
from El Dorado 
Entrepreneur-focused, early-
stage venture capital firm El
Dorado Ventures has awarded
lighting firm and LED maker
Bridgelux Inc of Sunnyvale, CA,
USA the 2010 Bourne Technology
Award, which is presented 
annually to recognize companies
that develop and deploy unique
technology with demonstrated
customer impact. 
The award is named after El

Dorado Ventures’ chief technol-
ogy officer Steve Bourne, who is
known for his work on the UNIX
system while at Bell Laboratories
(where he designed the ‘Bourne
Shell’ UNIX command language).
Bridgelux’s LED arrays contain

proprietary technology at the
epiwafer, chip and packaging
level, enabling what is claimed to
be the industry’s lowest thermal
resistance with excellent color
control and consistency in an
easy-to-use plug-and-play 
product.
Bourne comments that

Bridgelux pioneered innovations
in the chip layer, wiring patterns
and packaging that can drive
down the cost and improve the
energy efficiency of LED lighting
systems. With more than 275
patent applications filed or
granted, Bridgelux claims to be
the only vertically integrated
manufacturer of LED solid-state
light sources specifically for the
lighting industry.
“Bridgelux has made significant

technical advances,” says
Bourne. “They have brought 
to market innovative lighting
solutions using leading-edge
technology to reduce energy
consumption while improving
lighting quality.”
www.eldorado.com 

IN BRIEF



The Baskin School of Engineering at
University of California Santa Cruz
has gained new materials science
research capabilities via the donation
by LED maker Philips Lumileds of
San Jose, CA, USA of an AIX 200RF
MOCVD system made by Aixtron,
originally purchased for about
$4.5m and used to develop 
compound semiconductor materials
for LEDs, most notably Lumileds’
white Luxeon LEDs.
The MOCVD system will be

installed in associate professor of
electrical engineering Nobuhiko
Kobayashi’s Materials Synthesis
Laboratory, which is being estab-
lished in a former Texas Instru-
ments property. Renovation of the
facilities to house Kobayashi’s lab
(as well as a Materials Characteri-
zation Laboratory for Baskin School
of Engineering’s dean Art Ramirez)
should be completed by the end of
2010. The system will be used for
research on new materials for
solid-state energy conversion
devices and other applications.
Kobayashi is developing semicon-

ductor materials for use in devices
that convert heat energy into useful
electrical power. Such thermoelec-
tric devices, if they become effi-
cient enough, could be used to
capture waste heat in a wide range
of applications. Kobayashi is also
investigating new materials for use

in photovoltaic cells.
“This donation is a great example

of private industry supporting uni-
versity education,” says Kobayashi.
“The system that Lumileds has
donated runs perfectly, but no
longer met the company’s needs

for large-scale production,” he
adds. “This is equipment that we
could not otherwise afford, and it
creates new opportunities for our
students and research programs.” 
www.philipslumileds.com 
www.ucsc.edu
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Malaysia-based SMT LED maker
Dominant Opto Technologies Sdn.
Bhd. says that its LEDs provide the
exterior illumination of the first
sports utility vehicle (SUV) made
by Chinese car maker Haima, which
was exhibited at April’s Beijing 
Auto Show. 
Rear combination lamps integrate

multiple signal lamp functions.
Dominant says that, unlike single-
point incandescent bulbs, several
LEDs acting in conjunction provide the required intensity for the com-

bined stop and tail lamp functions:
6 amber Primax for the brake light
and 12 amber Power DomiLEDs for
the tail lamp (which requires a
lower intensity and needs to be
regulated at a lower average power
compared with the brake light). 
Dominant says that LEDs also 

provide opportunities for styling 
differentiation and modularity 
while optimizing mechanical and
electrical efficiency. 
www.dominant-semi.com 

Dominant provide exterior lighting for Haima’s first SUV  

Haima’s SUV, featuring LED rear lights. 

Lumileds donates MOCVD system for materials science
research at University of California Santa Cruz 
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Osram Opto Semiconductors GmbH
of Regensburg, Germany says that
the latest version of its OSTAR
Compact LED is characterized by
better high-current capability and
lower thermal resistance. It can
handle up to 6A in pulsed mode,
which suits pico projectors and
pocket projectors for small mobile
terminals. The high-power LEDs
can boost brightness, depending on
the design of small projectors, says
Osram Opto. 
The new OSTAR Compact is

accommodated in the same 
3.9mm x 3.6mm package as the
previous version, but offers more
light output, so small projectors
can be designed for more bright-
ness without increasing their size,
says the firm. Instead of 4A, the
new LED can now be pulsed with
6A. Light output is 350lm in amber,

600lm in green and 165lm in blue
in pulsed mode (typically 120Hz,
2ms, Ts= 25°C). Also, due to a new
package material, thermal resist-
ance has been reduced from 6K/W
for the old version to 3K/W, so heat
can be dissipated more efficiently. 
Osram Opto says that the

enhanced performance of the 

high-power LED is achieved by a
2mm2 chip that benefits from
improved epitaxial processes and
from a more even power distribu-
tion via additional bond wires. 
“This enabled us to design the 
compact LED for even higher 
current-handling capacity,” says
Wolfgang Schnabel, marketing
manager Projection. “Our new
OSTAR Compact offers higher 
luminous power for small projector
designs,” he adds. “The devices
remain small in size, but gain a lot
in brightness.” 
The new high-current capability

extends the portfolio of OSTAR
Compact LEDs for projection appli-
cations, which also includes LEDs
with chips with an edge length of
750µm, and LEDs with chips with
an area of 1mm2 in all colors. 
www.osram-os.com 

Osram launches higher-current OSTAR Compact LEDs
for brighter mini projectors

Germany’s Osram equipped all ten
of the stadiums featuring in the
World Cup soccer tournament in
South Africa with energy-efficient
lighting (including indoor and 
outdoor lighting, floodlights, 
lighting for catering establish-
ments and parking lots). 
As well as providing high-intensity

discharge lamps and T5 and T8
fluorescent lamps, the 350m-long,
2600 tonne LED-illuminated arc
known as ‘The Arch’, which spans
the Durban stadium, features over
12,000 Osram Opto Semiconductors
Golden DRAGON Plus LEDs. Illumi-
nation is provided by ‘LED Beams’
which Osram developed in collab-
oration with local manufacturer
BEKA especially to meet the
demands of the stadium. Just
under 2m in length, they are
weather-proof and can be used
flexibly. Installation and mainte-
nance of the lighting components
were carried out from a chamber
inside The Arch.

“Accentuating this exceptionally
imposing structure with our LEDs
was a great challenge,” says Florian

Hockel, the applications engineer
responsible for the project. 
www.osram.com 

High-current OSTAR Compact LED
for mini projectors. 

Osram LEDs illuminate World Cup soccer stadiums

More than 12,000 Osram Golden DRAGON Plus LEDs illuminate The Arch in
Durban stadium. 



In collaboration with the partner
network LED Light for you (LLFY) of
Osram Opto Semiconductors,
Diana Electronic-Systeme GmbH of
Schwaikheim, Germany has devel-
oped an energy-efficient LED lamp
for the Global Nature Fund to be
used by local night-fishermen in 
Sri Lanka instead of their environ-
mentally harmful kerosene lamps.
There are 85,000 canoe fishermen

in Sri Lanka, many of whom catch
prawns in the mangrove swamps at
night. The prawns are attracted by
the light of the fishermen’s kerosene
lamps and trapped in a complex
system of baskets. While the
prawns are fished sustainably, the
kerosene lamps used by the fisher-
men pose an environmental hazard.
Leaking kerosene can pollute the
water and spawning grounds, while
about 100,000 liters of kerosene is
burned every night (30 million liters
per year, corresponding to 75,000
metric tonnes of CO2).
Launched by the environment

foundation Global Nature Fund
(sponsored by Wuppertal-Institut,
Dicota and Sika AG), the project
‘Improving livelihoods of fishermen
in Sri Lanka by introducing LED and
compact fluorescent lamps for night
fishing’ aims to promote the use of
eco-friendly LED lamps for night
fishing, as well as other forms of
energy-efficient lighting in homes
and public buildings. Supported by
LLFY partners Osram and Infineon
Technologies, Diana Electronic has
developed a robust, watertight,
low-cost LED-based alternative to
replace the kerosene lamps. The
Fund is distributing 100 of them 
to the fishermen in a first phase.
Virtually all kerosene lamps are to
be replaced in the long term.
The LLFY network aims to provide

guidance in a highly fragmented
LED market, supports potential
users of LED technology, and helps
to find partners who have been 
certified according to stringent
quality criteria to implement the

LED lighting projects. The lamp
made by Diana Electronic uses
standard LED drivers from Infineon
and amber-colored Golden
DRAGON LEDs from Osram Opto.
“This will not only help to protect

the sensitive ecosystem of the 
mangrove forests from leaking
kerosene and reduce CO2 emis-
sions, but will also provide the fish-
ermen with innovative technology
allowing them to continue their
night fishing and thus safeguard
their main source of income,” says
Osram Opto’s European sales 
manager Michael Wohs. “Catches
are not expected to suffer, as the
light of the amber-coloured Osram
LEDs of type Golden DRAGON is
very similar to that of the kerosene
lamps,” he adds. 
Osram says that the project marks

another step towards introducing
energy-efficient lighting in Sri Lanka
and will contribute to protecting the
local environment. Already, in 2008,
Osram and the Global Nature Fund
supplied fishermen on Lake Victoria
in East Africa with energy-saving
products. Osram adds that it pro-
vides long-term support to coun-
tries in underdeveloped regions,
helping them make more effective
use of energy-efficient lighting. 
www.globalnature.org/LED 
www.osram.de/offgrid
www.ledlightforyou.com 
www.dianaelectronic.de 
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Osram and Infineon support lamp
project for Sri Lankan fishermen 

LED lamps used for night fishing in
the mangrove forests. Source:
Global Nature Fund. 



Luminus Devices Inc of Billerica, MA,
USA, which makes LED solid-state
light sources for illumination appli-
cations (including high-definition
TVs, video projectors, avionics 
displays, and lighting systems), is
expanding into the transportation
lighting industry by partnering with
ABS Lighting.
Luminus’ CSM-360 white PhlatLight

(Photonic Lattice) LED is powering
a high-brightness light fixture
manufactured by ABS that suits
roadway underpasses and tunnel
installations since it lasts more than
60,000 hours, reducing the need 
to close roads or highways as 
frequently to replace the lights,
says Luminus.
“Our partnership with ABS Lighting

complements the company’s

expansion in the wide-area-lighting
space including the transportation
industry, and we look forward to
working closely with ABS as our
PhlatLight LEDs are ideally suited
for roadway underpasses and tunnel
applications,” says Luminus’ 
president & CEO Keith T.S. Ward.
PhlatLight LEDs last 10 times
longer than traditional light sources
and are less expensive than tradi-
tional 1W LED arrays currently
found in roadway and tunnel light-
ing, he claims. 
“Luminus manufactures the world’s

brightest solid-state light source
and their PhlatLight LEDs are ideal
for our next-generation roadway
underpass and tunnel fixtures,”
says ABS Lighting VP & general
manager Rich Lyons. “Replacing

conventional high-pressure sodium
fixtures with long-lasting PhlatLight
LEDs will provide our customers
with a superior fixture that reduces
energy consumption as well as the
high cost of re-lamping highway
lighting fixtures.” 
ABS Lighting’s LED roadway fixture

is equipped with three Luminus 
‘big chip’ CSM-360 white PhlatLight
LEDs and delivers 9000–14,500
lumens, allowing the replacement
of 250W high-pressure sodium 
fixtures with the three PhlatLight
LEDs, concludes the firm. The 
high-powered light source also 
simplifies ABS’s fixture design 
and allows easy integration with
specialized optics.
www.abslighting.com 
www.luminus.com

At Infocomm 2010 in Las Vegas
(9–11 June), Luminus announced
that its PhlatLight PT-39 LED
chipset is powering Acer Inc’s K11
second-generation DLP projector
(the smallest projector to offer a
brightness of 200 lumens). Suc-
ceeding the K10, the K11 has twice
the performance in a reduced foot-
print of just 12.2mm x 11.6mm,
and weighs just 0.61kg. 
The PT-39 is engineered for projec-

tion systems using micro-displays
ranging from 0.4” to 0.55” with
individual red, green and blue LEDs.
PhlatLight LEDs are larger than
conventional LEDs and operate
reliably at much higher intensity,
delivering light output levels
unprecedented in monolithic LEDs,
claims Luminus. Projectors illumi-
nated by PhlatLight LEDs produce
up to 40% wider color gamut than
the National Television Systems
Committee standard, it adds. 
“With the K11, Acer demonstrates

how our customers can take
advantage of PhlatLight continuous
performance and efficacy improve-

ment to shrink their designs and
still manage dramatic performance
improvements,” says Stephane
Bellosguardo, Luminus’ director of
global product marketing, Display.
“Size and brightness are critical
attributes driving the fast adoption of
ultra-mobile multimedia projectors.” 
“We can offer our mobile customers

a versatile second-generation
lamp-free projector, more compact
yet brighter than its predecessor,”
comments Victor Chien, director of
Acer’s digital display business unit.
“Addition of versatile multimedia
interfaces combined with LEDs’
deep colors makes the K11 a com-
pelling accessory for business and
entertainment applications.” 
The PT-39 LEDs last in excess of

20,000 hours in the K11.
Also at Infocomm, Luminus said

that its PhlatLight SBT-16 LED
chipset is powering Samsung’s new
H03 Personal Media Player and
Instant Projector (a hand-held,
battery-powered personal appliance
that displays digital content such as
pictures and movies via its internal

media player or by connecting to
external devices such as cell phones
and notebook computers). 
Under low-power battery operation,

the H03’s 30lm performance is a
breakthrough for the sub-150cm3

category, it is claimed, and makes it
possible to project large screen sizes
under moderately lit environments. 
“After making LEDs a reality in

home theater projectors, portable
projectors and data projectors,
Luminus is bringing the benefits of
PhlatLight LEDs to personal pro-
jection appliances by delivering
brightness levels required for mass
adoption of such devices,” says
president & CEO Keith T.S. Ward.
“Samsung is demonstrating with
the H03 that palm-size, battery-
powered projection appliances can
also be bright, making instant pro-
jection practical,” he adds.  
“Samsung is expanding its range

of affordable LED-based displays,
addressing consumers’ need for
seamless, immediate information
sharing,” says Jeong-Ho Nho, VP of
Samsung’s Visual Display Division. 

Luminus’ LEDs power smallest 200lm pocket projector 
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Luminus partners with ABS on first PhlatLight-based
highway/road fixture to enter transportation lighting 
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Soraa Inc of Goleta CA, USA has
appointed Eric Kim its president &
CEO, based at its new corporate
headquarters in Fremont, CA. 
Soraa is the parent company of

Kaai Inc. Funded by Khosla Ven-
tures, both were co-founded in
2008 by nitride-based semiconduc-
tor laser pioneers Shuji Nakamura,
Steven Denbaars and James Speck,
who are professors in the Solid State
Lighting & Display Center of Univer-
sity of California, Santa Barbara
(UCSB) and had previously devel-
oped the first non-polar nitride laser
in 2007. The vertically integrated
firm Kaai aims to commercialize
green and blue laser diodes — 
based on patented and proprietary
indium gallium nitride (InGaN)
semiconductor technology fabricated
on GaN substrates at a facility in
Santa Barbara — for consumer, 
biomedical, defense, and industrial
applications. In May, Kaai started
shipping its new blue laser diode for
display and specialty applications. 

Soraa says that
Kim has exten-
sive experience
in branding,
marketing, and
product devel-
opment. Most
recently, he was

Intel’s chief marketing officer &
head of its global Sales and Market-
ing group, and then senior VP &
general manager of its Digital Home
Group (one of only two senior Intel
executives hired from outside the
company). Under his leadership,
Intel recently announced an 
agreement to include Intel Atom
processors inside Sony TVs and
Blu-ray players as well as set-top
designs from Logitech and other
manufacturers. 
Prior to joining Intel in 2004, Kim

was executive VP at Samsung, in
charge of global marketing and
business development in the digital
convergence area. 
www.soraa.com 

UCSB spin-off Soraa hires ex-Intel
and Samsung exec as president & CEO

StockerYale Inc of Salem, NH, USA,
which designs and manufactures
LED systems and diode-based laser
modules for OEMs (as well as dis-
tributing laser diodes for Opnext,
Sanyo and Sony), has changed its
name to ProPhotonix Ltd to reflect
its focus on optics technology for
both LED systems and diode-based
lasers. The firm’s stock market
ticker symbol will also be changed
in due course.
“Following last year's sale of the

company’s North American opera-
tions, combined with our increased
focus on leveraging our LED tech-
nology into new, much larger mar-
kets not previously addressed by
the company, we believe adopting
a new name and brand identity is a
logical next step in our growth
strategy,” says chairman & CEO
Mark W. Blodgett.

“The new name gives customers,
suppliers, and investors a clearer
definition of what we do and the
direction we intend to pursue,” he
adds. “While the StockerYale brand
is well known in the machine vision
industry, it does not clearly reflect
that we are a technology company,
developing and manufacturing
unique LED and laser module prod-
ucts for the medical, defense and
industrial markets.” 
As part of its growth strategy,

ProPhotonix aims to leverage its
chip-on-board LED technology to
develop a range of new products
(such as LED light engines) to
address large, growing markets in
the medical and illumination sec-
tors (including architectural, enter-
tainment and industrial lighting).
Recent data suggests the market
opportunity for LEDs in general illu-

mination is forecast to grow rapidly
over the next five years. Worldwide
energy efficiency targets and gov-
ernment mandates are driving
expectation that LEDs will capture a
rapidly increasing percentage of the
illumination fixture market (about
$100bn in 2009). ProPhotonix is
focused on niche segments in this
broad market.
ProPhotonix also aims to continue

to strengthen its position in the
machine vision market. The firm is
in the final development stages for
the commercial launch of its new
InViso line of diode-based lasers,
which contains features to stream-
line installation and alignment. 
The firm is also seeking opportuni-

ties to make strategic acquisitions
and to form joint ventures in the
LED space. 
www.prophotonix.com 

StockerYale changes name to ProPhotonix 

Bhattacharya wins
Welker Award 
At the International Symposium
on Compound Semiconductors
(ISCS 2010) in Japan, this year’s
Welker Award (for exceptional
research conducted in the field of
compound semiconductors) was
conferred on professor Pallab K.
Bhattacharya of the University of
Michigan for his pioneering work
on III-V based photonic devices. 
Bhattacharya’s research in 

electronics and optoelectronics has
included ‘outstanding progress’ in
optoelectronic integrated circuits
(OEIC), quantum dot lasers and
infrared photodetectors based 
on his expertise in semiconduc-
tor processing technology. 
The award acknowledges 
Bhattacharya’s ‘research accom-
plishments and his position as
one of the most important opinion
leaders in the field of III-V 
compound semiconductors’.
www.osram.com 

IN BRIEF



Osram Opto-Semiconduc-
tors of Regensburg, 
Germany has reported
‘true green’ (520–570nm)
laser diodes (LDs) on 
traditional c-plane free-
standing gallium nitride
(GaN) substrates
[Avramescu et al, Appl.
Phys. Express, vol3,
p061003, 2010]. The
researchers achieved 
continuous-wave (cw)
524nm laser emissions with
output power of 50mW
and wall-plug efficiencies
as high as 2.3%. Pulsed-
mode operation allowed
even longer wavelengths of
531.7nm to be produced. 
These operation parameters 

are seen as an “important step 
forward on the way to commercial
applications” for direct green
indium gallium nitride (InGaN)
laser diodes. Green LDs are of
great interest for producing com-
pact, more efficient color projection
displays. At present, the red and
blue light components have well
established LD parts, but the green
component has to be produced
using a bulky and inefficient fre-
quency doubling of light from an
infrared laser diode. 
Osram Opto-Semiconductors’

achievements are credited
to “improvements of epi-
taxial design and material
quality on c-plane GaN
substrates”. 
Previously, longer-wave-

length nitride semiconduc-
tor LDs used non-standard
‘semi-polar’ crystal orien-
tation substrates to reduce
internal polarization fields
that can pull electrons and
holes apart and hence
reduce their ability to
recombine as photons. 
On the other hand, the
internal polarization fields
can red-shift the emission

frequency, making it easier to make
longer-wavelength devices using
lower-indium-content InGaN layers. 
It becomes more difficult to grow

high-quality InGaN material as 
the indium content increases due 
to segregation effects where 
high-indium-content regions tend
to clump together, creating non-
uniformities. In fact, the lack of
polarization of m-plane grown 
material means that much higher
indium levels are needed, and has
made producing ‘non-polar’ m-plane
LDs a challenge beyond 500nm. 
Osram Opto Semiconductors

believes that their results 
“suggest that the main limiting fac-

tor for achieving high-performance
green InGaN lasers is not the
piezoelectric field but it is related to
the crystal quality of the In-rich
InGaN QWs”. 
The LDs used commercial 2-inch

GaN substrates as the base for the
InGaN multi-quantum wells (MQWs)
that formed the active region of the
LDs. Aluminum gallium nitride
(AlGaN) and GaN layers were used
for the cladding and waveguiding,
respectively. The nitride semicon-
ductor layers were grown using
MOCVD. 
Resulting epitaxial material 

was formed into broad-area and
ridge-waveguide (RWG) lasers. 
The ends of the 600μm cavities
were coated with dielectric mirrors.
The broad-area devices were used
for testing the material under pulsed
operation (0.4μsec, 6% duty cycle).
The 1.8μm-wide RWG LDs were
packaged into transistor outline
TO38 packages to allow “appropri-
ate heat removal”. 
Pulsed-operation testing was 

performed at 25°C. The aim of
pulsing is to remove self-heating
effects that can affect the perform-
ance of laser diodes. The 531.7nm
emission had a threshold current
density of 18kA/cm2. Below thresh-
old the full-width half maximum
(FWHM) of the peak was 30nm,
which reduced to ~0.8nm above
threshold.
The 524nm cw emission of the

packaged device had a threshold
current of 97mA and a slope 
efficiency of ~330mW/A. The 
wall-plug efficiency peaked at an
output power of 50mW (Figure 1).
The rather broad spectrum (with a
FWHM of ~1nm) is seen as a posi-
tive for reduced speckle for projec-
tion onto a screen (Figure 2).
The research was funded by 

the German Federal Ministry for
Education and Research (BMBF). 
http://apex.ipap.jp/link?APEX/3/061003 
www.osram-os.com 
Author: Mike Cooke 

True green laser light from c-plane nitrides 
Improved design and material quality lead to 524nm cw laser diode 
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Figure 1. Wall-plug efficiency of 524nm
continuous-wave-emitting ridge laser device in
TO-package at 25°C. 

Figure 2. High-resolution spectrum of packaged
laser diode at 25°C in cw operation with 50mW
optical output power. 



GigOptix Inc of Palo Alto, CA, USA,
which designs modulator and laser
drivers and transimpedance amplifier
(TIA) ICs based on III-V materials
as well as polymer electro-optic
modulators for fiber-optic commu-
nication systems, has started high-
volume production of its portfolio of
TIAs addressing 10, 40 and 100G
speeds (with samples available now).
GigOptix’s TIA portfolio includes: 

●GX3101B is a universal limiting
TIA whose 20kΩ gain enables it to
support a range of reaches without
requiring a post-amplifier and
whose bandwidth selection supports
speeds from 1Gb/s to 12.5Gb/s.
The device simplifies logistics by
enabling one component to address
most limiting TIA requirements.

●GX3220 single-channel and
GX3222 dual-channel 32Gb/s 
balanced linear TIAs with AGC
whose bandwidth control enables
the devices to address both the
40G DQPSK (differential quadrature
phase-shift keying) and the 100G
coherent DP-QPSK (dual-polarization
quadrature phase-shift keying)
markets.
●GX3122 is a dual-channel balanced
linear TIA with AGC addressing the
40G DP-QPSK coherent market.
●GX3110 is a linear TIA with AGC
for 11.3Gb/s SONET whose low
harmonic distortion figure enables
improved product performance, it
is claimed. 
GigOptix offers a broad range of

high-performance TIA solutions,

ranging from single-channel TIAs
for FiberChannel and Ethernet 
to multi-channel TIAs compliant 
with the emerging 40G and 100G
Ethernet and OIF standards. 
“We expect that our new TIA and
receiver amplifier portfolio will be a
major growth engine for GigOptix’s
revenue growth in 2010 and
beyond,” says VP of marketing
Padraig O'Mathuna. 
According to Ovum’s Q1/10 

Telecom and Datacom forecasts,
the annual total available market
for this family of products is 13.7m
units in 2010 and should increase
at a compound annual growth rate
(CAGR) of 23% to 38m units by
2015, say GigOptix.
www.GigOptix.com 

GigOptix begins full production of 10, 40 and 100G TIAs
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GigOptix has received clearance
from the NYSE Amex stock exchange
to file an application for listing of
its common stock. Approval of the
application is subject to conditions
including completion of the pending
underwritten public offering and
GigOptix’s continued compliance
with other listing requirements of
the exchange, including mainte-
nance of the common stock at or
above the minimum price require-
ment of $3 per share.
GigOptix has reserved the ticker

symbol ‘GIG’ for trading on the
NYSE Amex. GigOptix common
shares will continue to trade on the
Over-the-Counter Bulletin Board
under the symbol ‘GGOX’ until all
of the conditions to trading on the
NYSE Amex have been satisfied
and the shares begin officially 
trading on the NYSE Amex, after
which GigOptix common shares
will no longer be traded on the
Over-the-Counter Bulletin Board. 
“We are pleased to reach this 

significant milestone as part of 
the company’s development 
and future growth initiatives,”
comments GigOptix’s chairman &

CEO Dr Avi Katz. “GigOptix listing
on the NYSE Amex exchange will
prove to be highly beneficial to 
our existing shareholders by
increasing GigOptix’s visibility, 
liquidity and suitability for a
broader group of institutional
investors,” he believes. 
Approval is contingent upon

GigOptix being in compliance with
all applicable
listing stan-
dards on the
date that it
begins trad-
ing on the
NYSE Amex
exchange
and may be
rescinded if
GigOptix is
not in compliance with such 
standards or if any of the standards
outside of its control are not 
satisfied. 
GigOptix subsequently announced

the pricing of a public offering of
2,460,000 shares of common
stock at a price of $1.75 per share.
It also granted the underwriters a
30-day option to purchase up to

300,000 additional shares to cover
over-allotments, if any. 
The offering was expected to

close on or about 8 July, subject 
to customary closing conditions. 
If the underwriters exercise their
over-allotment option in full, the
proceeds of the offering will be
about $4.8m (before deducting
underwriting discounts and com-
missions and estimated offering
expenses payable by GigOptix of
about $1m).
Raising additional funds in the

current challenging market 
environment will enable GigOptix
to accelerate its ongoing growth
and customer penetration, reckons
president & CEO Dr Avi Katz,
adding that GigOptix is striving to
expand the institutional holdings
within its shareholder base. 
The offering is being made under

GigOptix’s registration statement
on Form S-1 filed with the US
Securities and Exchange Commis-
sion (declared effective on 1 July).
A preliminary prospectus supple-
ment has been filed with the SEC. 
www.faqs.org/sec-filings/100701/
GigOptix-Inc_S-1.A_FORM2

GigOptix receives conditional listing approval from NYSE Amex 
and prices public offering to raise $4.8m 

“We are pleased
to reach this
significant
milestone as part
of the company’s
development and
future growth
initiatives” 



GigOptix Inc of Palo Alto, CA, USA,
which designs modulator and laser
drivers and transimpedance ampli-
fier (TIA) ICs based on III-V mater-
ials as well as polymer electro-optic
modulators, has appointed Frank W.
Schneider to its board of directors
(replacing Dr Joseph J. Vallner, who
is retiring). Schneider will serve as
an independent director and mem-
ber of the Audit and Compensation
Committees. 
Schneider has more than 40 years

of experience in the electronics and
semiconductor industries, serving on
boards and executive management
teams. He is currently a member of
the board of directors of Micrel Inc.
Schneider recently retired from

MKS Instruments Inc, where he
was VP & general manager and
continues to provide consulting
services. Previously, he was 
president & CEO at privately held
firms ION Systems Inc, a manufac-
turer of electrostatic management
systems, and GHz Technology Inc,
a manufacturer of RF power tran-
sistors that was merged into
Advanced Power Technology Inc,

where he was chief operating officer
of the RF products group. He was
also a member of the technical
advisory board of display controller
chip firm Neomagic Inc and a board
member of GMT Microelectronics Inc.
Schneider began his career at
Corning Electronics and later
moved to Philips Semiconductor
(then Signetics Corp, where he held
many senior positions). He also was
a group VP at Sharp Electronics. 
Schneider received his Bachelor 

of Science degree in Electrical 
Engineering from West Virginia 
University and an MBA degree from
Northwestern University Kellogg
School of Management. He has also
completed executive post-graduate
programs at Stanford University and
the Wharton School of Business.
“In addition to strengthening our

board with his extensive industry
knowledge and executive manage-
ment experience, Schneider brings
a unique international perspective to
GigOptix, having resided in Japan for
five years,” says GigOptix’s chairman,
president & CEO Dr Avi Katz. “We
now have a board comprised of

four independent directors whose
diverse experience and exceptional
strategic counsel will be key factors
in the achievement of our goals and
vision going forward,” he adds.
“In a short period of time, the

board and management team 
have established a solid corporate
foundation and implemented a
number of strategic initiatives that
are beginning to yield success,”
comments Schneider. 
“In recognition of Dr Vallner’s past

service and recent retirement from
our board, I would like to extend
my sincere appreciation for his 
outstanding service and strategic
counsel over the past years,” says
Katz. “Vallner has served on our
board since the inception of 
GigOptix Inc in December 2008
through our acquisition of Lumera
Corp, where he was the interim
CEO and director,” he continues.
“Since joining the GigOptix board in
2008, he has been an invaluable
contributor to the operations of our
board and a strong supporter of the
company during its early stages.” 
www.GigOptix.com 

New director appointed as Vallner retires from board 
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GigOptix has received about $2m
in orders for its 100G quad-driver
for use in next-generation 100G
dense wavelength division multi-
plexing (DWDM) networking 
systems, for delivery in 2010. 
The GX62450 100G DP-QPSK

(dual-polarization quadrature
phase-shift keying) driver is 
implemented using GigOptix’s
semiconductor and RF design
technology that couples low power
dissipation with high-performance
operation in a small form factor,
says the firm. It is designed to be
plug-in compatible with industry-
available 100G multiplexer and
Mach–Zehnder modulators. 
According to GigOptix, the

GX62450 is the industry’s only
available four-channel driver fully
integrated into one package. Its

design includes a re-timing circuit
to reduce jitter, while its GPPO
connectorized form factor not only
ensures optimal RF coupling to the
100G optical modulator inputs but
also occupies less board-level real
estate than
comparable
surface-
mounted
device
solutions, it
is claimed.
“Demand

for 100G
solutions
has accel-
erated
much faster
than the industry originally 
predicted, with major product
releases recently,” says VP of 

marketing Padraig O’Mathuna. 
“We aligned our 100G driver
development with our customer’s
roadmap requirements, and we
are pleased to see the culmination
of this strategic relationship reach
volume shipment orders so rapidly,”
he adds. “We believe that we are
well positioned as a leader in the
100G segment to take advantage
of this upswing and consider the
100G DWDM market as being one
of the major growth engines for
our company going forward,” 
says O’Mathuna. 
In its most recent report on 100G

components, market research firm
Ovum forecasted that the 100G
DWDM line-side market will launch
in 2010 and grow at a compound
annual growth rate (CAGR) of 140%
to over 16,000 units by 2015.

GigOptix receives $2m in orders for 100G DWDM modulator drivers

Demand for 
100G solutions
has accelerated 
much faster 
than the industry
originally
predicted, with
major product
releases recently
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For fiscal 2010 (to end March),
Advanced Photonix Inc of Ann
Arbor, MI, USA (which designs and
makes silicon, InP- and GaAs-
based photodetectors, subsystems,
and terahertz instrumentation) has
reported revenue of $21.1m, down
29% on $29.7m the prior year. 
The decrease was broad based
across the firm’s markets, led by
industrial, military and medical
applications. 
However, fiscal fourth-quarter 

revenue was $5.1m, down 16% on
$6.1m a year ago but up 12% on
$4.6m last quarter. “We have
turned the corner and are begin-
ning to grow again,” says chairman
& CEO Richard Kurtz. 
Despite the 16% revenue drop

year-to-year, gross margin has
risen from 38% to 46%, due
mainly to product mix, facilities
consolidation efforts completed in
prior years (merging the wafer fabs

in Camarillo, CA and Dodgeville, WI
into Ann Arbor in mid-2007 and
closing the silicon photodiode
assembly facility in Dodgeville in
late 2007), and cost-saving efforts
implemented during the year. 
“This is a validation of the improved
operating leverage of the business
as a result of our operational
improvements gained through facil-
ities consolidation during the past
several years as well as our long-
term strategic plan,” says Kurtz. 
Compared to $884,000 a year ago

and $921,000 last quarter, non-
GAAP net loss has been slashed to
$310,000. Also, compared to
–$603,000 a year ago and
–$646,000 last quarter, EBITDA
(earnings before interest, taxes,
depreciation, and amortization) has
improved to –$12,000. 
“We have successfully navigated

the worst recessionary environ-
ment in our life time,” says Kurtz.

“While the speed and the amount
of the recovery may still be in ques-
tion, the fact is, business is getting
better... We have continued to
make the necessary investment in
our product platforms to position us
for growth as the economy recov-
ers,” he adds. 
“Our growth platforms of high-

speed optical receivers (HSOR) and
Terahertz systems are starting to
show signs of recovery,” continues
Kurtz. “We recently [in April] added
a second shift in response to the
growing demand and backlog for
our HSOR products and our tera-
hertz application development
pipeline has never been stronger,”
he adds. “Our Optosolutions busi-
ness has stabilized and has begun
to gradually recover. We are looking
forward to restoring growth to our
business in the coming year, led by
our high-growth HSOR products.” 
www.advancedphotonix.com 

Advanced Photonix returns to growth, led by high-growth
high-speed optical receiver market as net loss slashed 

Advanced Photonix Inc subsidiary
Picometrix LLC is shipping its 
CR-100A high-speed 100G coher-
ent optical receiver, which incorpo-
rates patented photodiodes and
proprietary amplifiers and is suit-
able for DP-QPSK (dual-polarization
quadrature phase shift keying) and
alternative coherent modulation
formats. 
To meet demand from its global

customer base, the firm began
shipping pre-production units in the
June quarter (fiscal Q1/2011) and
booked backlog of $1.2m for both
fiscal Q1 and Q2/2011. It expects
full Telcordia GR-468 qualification
to be completed in fiscal Q2 (end-
ing 1 October 2010), when the
product will go into full production.
The firm says that Telcordia qualifi-
cation provides generic reliability
assurance requirements for opto-
electronic devices used in telecoms
equipment, ensuring the reliable

operation of optoelectronic devices
and reducing life-cycle cost.
The suite of products are compliant

with the compact coherent receiver
multi-source agreement (CCRx MSA)
announced at the European Con-
ference and Exhibition on Optical
Communication (ECOC 2009) in
Vienna, Austria between Picometrix
and u2t Photonics AG. The MSA
defines an industry-standard, 
more cost-effective form factor for
fiber-optic receivers optimized for
coherent detection for both 40G and
emerging 100G telecom systems.
It is also consistent with the OIF
(Optical Internetworking Forum)
specification that the firm helped to
develop over the past 18 months.
The new CCRx package provides a
standardized footprint, common
pin-out and surface mount con-
nections in a size-reduced package
that aims to improve manufactura-
bility for OEM system companies. 

“The industry is moving forward
into a 100G reality with the
increased demand for voice, 
Internet, HDTV, and wireless that
requires greater bandwidth and
increased speed,” says Rob Risser,
president & general manager of
Picometrix and chief financial offi-
cer of API. “Next-generation wire-
line and wireless networks will
require deployment of high-speed
optical receivers to deliver this
content, which is expected to grow
annually by more than 25%. We
are seeing robust demand for the
100G product and, as a result both
our first and second fiscal quarter
2011, backlog is booked and we
anticipate full production starting in
our third fiscal quarter 2011, with
demand still accelerating,” he adds. 
“100G coherent receivers co-exist

well with 40G direct modulation
formats like DPSK and DQPSK,”
continues Risser. 

Picometrix ships CCRx-compliant 100G coherent optical receiver 



At the International Supercomputing
Conference (ISC 2010) in Hamburg,
Germany (30 May–3 June), fabless
silicon CMOS photonics firm Luxtera
Inc of Carlsbad, CA, USA said that
its optical modulators now support
next-generation 30Gb/s serial data
rates, a key step to enabling four-
lane parallel 100Gb/s interconnects. 
Luxtera’s technology addresses

the growing market for optical
interconnects including next-gener-
ation Ethernet, Fiber Channel and
InfiniBand networks projecting data
speeds of up to 100Gb/s per port.
By using silicon CMOS photonics,
Luxtera’s transmitters support opti-
cal bandwidth providing what are
claimed to be higher performance
and longer reach at lower cost than
traditional datacenter technologies.
“As InfiniBand transitions to EDR

data rates and Ethernet transitions to
100GE, there is an increasing need
for low-cost, high-throughput inter-
connects to support large-scale
computing systems and datacenters,”
says Lisa Huff of CIR and Discerning
Analytics. “Traditionally, this market
has been serviced by vertical-cavity
surface-emitting lasers (VCSELs) and
multi-mode fiber, which may reach
performance limitations beyond
10Gb/s,” she adds. “Luxtera’s silicon
photonics-based transmitters enable
datacenters to keep pace with
bandwidth needs, providing end-
users with enhanced performance
that will support 100Gb/s deploy-
ments at economical cost points.” 
Luxtera says datacenter connec-

tivity options, such as legacy copper
and VCSEL-based multi-mode fiber
transceivers, are currently limited in
reach, size and performance. When
pushing conventional, short-reach
optical components to higher speeds
of 30Gb/s and beyond, transceivers
based on VCSEL technology will face
technical obstacles such as achieving
the required modulation bandwidth,
receiver sensitivity and the effects of
multimode-fiber dispersion, it adds.
In addition, at higher data rates,

VCSEL-based transceivers will be
challenged to meet stringent per-
formance and reliability requirements
expected by datacenter managers.
Luxtera says that it can use silicon
CMOS photonics to break perform-
ance restrictions associated with
existing optical technologies, lower-
ing cost and eliminating reach limi-
tation as well as reliability concerns
to provide the bandwidth, low power
and low bit error rate required by
high-performance computer clusters
and large-scale datacenters.
Silicon photonics transmitters use

continuous wave (CW) lasers and
Mach–Zehnder interferometer CMOS
waveguide-based modulators. The
firm says this removes the need for
expensive high-speed directly mod-
ulated lasers and, when combined
with its fiber-to-the-chip single-mode
fiber transmission, overcomes the
shortcomings of multi-mode fiber.
Luxtera has already demonstrated
a 30Gb/s modulator system imple-
mented in a monolithic CMOS chip
using production-ready technology. 
“We are the first company to ship

silicon CMOS photonics-based 
commercial products,” claims VP of
marketing Marek Tlalka. “We are
paving the way to the next wave of
silicon photonics commercial appli-
cations as well as wide deployment
of low-cost optical connectivity for
EDR InfiniBand, 100G Ethernet and
28G Fibre Channel applications.”
At ISC (where Luxtera co-exhibited

with sales partner Stordis), the firm’s
Blazar 40G active optical cable (AOC)
again provided connectivity for the
ISCnet InfiniBand network, built for
high-performance computing
demonstrations. By using CMOS
photonics and single-mode fiber,
Blazar can support reach of 4000m
and offers record low power con-
sumption of 20mW per Gigabit.
Blazar is shipping in production 
volumes. Next-generation products
based on 30Gb/s transmitter tech-
nology will sample in 2011. 
www.luxtera.com 
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Luxtera’s modulators now support
30Gb/s serial data rates Luxtera

collaborates with
Amphenol 
In late April, Luxtera agreed a
strategic collaboration for inter-
connect product maker Amphenol
Corp of Wallingford, CT to market
optical interconnect products
based on silicon CMOS photonics
technology through its global
sales and distribution channels. 
The products covered will

address the high-performance
computing (HPC), Ethernet-
enterprise and consumer elec-
tronics markets. Luxtera and
Amphenol will jointly develop
next-generation optical inter-
connect products for 40Gbps and
100Gbps applications. 
“Our collaboration with Luxtera

will create a leadership position
for Amphenol in the delivery of
high-speed optical interconnects,”
reckons Stephanie West, 
general manager of Amphenol
Interconnect Products Corp.
“It is a natural adjacency to
AIPC’s core business of copper-
based interconnect solutions and
enables us to more rapidly offer
our customers a full portfolio of
extended-reach, low-power 
optical solutions. Our combined
technical expertise to develop
100Gbps solutions, along with
our low-cost manufacturing and
channel strength, will provide
significant, sustainable benefits
to our customers,” she adds. 
“This collaboration accelerates

the reach of silicon CMOS 
photonics-based solutions to a
wider customer base, larger 
geographical area and multiple
applications,” says Luxtera’s CEO
Greg Young. “Luxtera has suc-
cessfully introduced active optical
cable and optics on motherboard
products to market, and through
this cooperation we will be able
to service more customers and
more applications.” 
www.amphenol-aipc.com 

IN BRIEF



At June’s Interop Tokyo 2010,
Infinera of Sunnyvale, CA, USA, a
vertically integrated manufacturer
of digital optical network systems
incorporating its own InP-based
photonic integrated circuits (PICs),
completed a demonstration of 
100 Gigabit Ethernet (100GbE)
transmission over a live network at
the booth of Tokyo-based service
provider NTT Communications Corp. 
Involving a 100GbE signal handed

off from an IP router to a prototype
100GbE Infinera module (containing
Opnext IEEE-compliant 100GbE LR4
CFP optical transceivers) in one of
the firm’s DTN systems, the demo
is claimed to mark a significant step
forward in the development of
commercial 100GbE technology.
“Infinera’s interoperability demon-

stration of 100GbE at Interop Tokyo
highlights the momentum of next-
generation optical transmission
technology,” says Tadayuki Kanno,
president of the module business unit
of optical module and component
maker Opnext of Fremont, NJ, USA. 
The Infinera DTN 100 Gigabit 

Ethernet tributary interface module
used in the demonstration is fully

compliant with the most recent
IEEE 802.3ba draft specification and
CFP multi-source agreement (MSA).
The firm is working with other 
vendors and service providers in
industry standards bodies to agree
common standards for 100GbE
technology and services. This is the
latest in a series of Infinera demon-
strations involving interoperability of
100GbE components and systems
from a range of other technology
vendors. In late March at the
OFC/NFOEC 2010 event in San
Diego, CA, Infinera partnered with
other router, test equipment and
optical module vendors to show
wide interoperability of 100GigE. 

“The Infin-
era system
is unique in
its ability to
run 100GbE
services
over today’s
network,”
says Kohei
Kitade of the
IP Network
Department
of NTT

Communications’ Network Business
Division. “Infinera’s Bandwidth 
Virtualization enables a wide range of
services, including 100GbE, to run
over any set of available wavelengths,
simplifying the deployment challenge
for an operator that has already
built a large network,” he adds. 
Infinera is driving towards wide

interoperability and commercial
standardization for 100GbE serv-
ices,” says Infinera’s chief technol-
ogy officer Drew Perkins. “This
demonstration is a first for Japan, 
a market where bandwidth growth
is very strong and the need for
next-generation services is clear.” 
www.infinera.com 
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Infinera and Opnext demo NTT 100GbE interoperability 

Optical module and component maker
Opnext Inc of Fremont, CA, USA has
demonstrated a single-wavelength,
real-time coherent 127G PM-QPSK
(polarization multiplexed quadrature
phase-shift keying) modem on the
TeliaSonera network running
through Sweden, representing the
first real-time, single-wavelength
100G field trial in Europe. 
The trial — over a long-haul link

with 10 and 40Gb/s mixed traffic —
ran from Uppsala to Olofstrom and
back for a total distance of 1700km,
representing the longest un-regen-
erated real-time test to date. 
“TeliaSonera has one of the largest

and fastest-growing IP backbones in
Europe, and this trial demonstrates

our focus on maintaining a state-
of-the-art network that is ready to
use next-generation technologies,
such as coherent 100Gb/s,” says
Staffan Gojeryd, TeliaSonera’s head
of Broadband Development. 
The transmission channel did not

require optimization to implement
the 100Gb/s technology, further
demonstrating the ease-of-use of
coherent technology, says Opnext.
Currently, many 10Gb/s and most
40Gb/s optical systems using direct
detection require optimization and
intervention by an optical network
engineer to balance all the optical
impairments on an installed optical
fiber. Opnext’s plug-and-play technol-
ogy allows carriers to upgrade their

existing line systems to 100Gb/s
without requiring any change to
their networks. In addition, new
systems can eliminate the need for
external dispersion compensation,
reducing cost, minimizing IP
latency and allowing deployment
over older installed fiber. 
“100G modem performance is

critical to help carriers meet the
ever-increasing bandwidth
demands,” says Mike Chan, 
president of Opnext’s Subsystems
business unit. “This trial represents
the longest real-time 100G trial per-
formed to date, moving the industry
one step closer to the commercial-
ization of 100G technology.” 
www.opnext.com 

Opnext and TeliaSonera demo first European real-time
single-wavelength 100G field trial





For its fiscal 2010 (to end April),
fiber-optic communications compo-
nent and subsystem maker Finisar
Corp of Sunnyvale, CA, USA has
reported record revenue of
$629.9m, up 26.7% on fiscal
2009’s $497.1m. 
Fiscal fourth-quarter revenue was

also a record $188.5m, up 75.4%
on $107.5m a year ago and up
12.9% on $166.9m last quarter. 
Of the $21.6m increase in rev-

enue from last quarter, sales rose
$6.6m (9.8%) for products for
applications equal to or greater
than 10Gbps, $8.6m (11.5%) for
applications less than 10Gbps, and
$7.7m (40.3%) for reconfigurable
optical add-drop multiplexer
(ROADM) products, while sales of
products for CATV applications fell
$1.3m (23.3%). 
“Continued strong demand for

Finisar products has been driven by
growth in IP traffic, demand for
mobile bandwidth and the need to
upgrade existing networks and
build out new wireless backhaul
networks,” says executive chairman
Jerry Rawls. “Those demands have
powered Finisar to record revenue
levels,” he adds. 

On a non-
GAAP basis,
gross margin
has risen from
27.2% a year
ago and 32.2%
last quarter to
32.6%, despite
annual price
reductions for
certain telecom
customers
from 1 January. 
Operating

expenses are up
from $30.8m a
year ago and
$39.7m last
quarter to
$43.2m (with R&D up $2.6m due
partly to 100 Gigabit Ethernet
product development, and sales &
marketing up $769,000 due mainly
to greater revenue). 
Despite this, operating income was

$18.3m (an operating margin of
9.7% of revenue), up from $14.1m
(8.5% of revenue) last quarter and a
loss of $1.6m (–1.5% of revenue) a
year ago. Net income was $16.7m,
compared to $11.5m last quarter
and a net loss of $3.4m a year ago. 

During the quarter, cash and 
short-term investments (plus other
long-term investments that can be
readily converted into cash) rose
from $79m to $207m, due mainly to
net proceeds of $131.1m from the
sale of common stock completed in
March (despite the use of $10m to
pay down borrowings under a
secured credit line with Wells Fargo
Foothill LLC). Excluding this, the
cash position increased by $6.8m. 
For its fiscal first-quarter 2011

(ending 1 August 2010), Finisar
expects revenue of $190–205m.
Non-GAAP operating margin should
be 10–11.5%, meeting the target
of 10%. 
“While most of our product trans-

fer activities to low-cost off-shore
locations were largely complete at
the end of the fourth quarter, there

are additional
merger 
synergies
related to the
integration of
Finisar com-
ponents into
legacy
Optium 
products to
be realized
over the next
few quarters,”
says CEO 
Eitan Gertel.
“As a result,
we believe
gross margins
on a non-
GAAP basis
can continue
to improve as

these new engineering designs
become qualified by our customers
and we realize the expected bene-
fits of anticipated additional rev-
enue growth along with a favorable
trend in product mix,” he adds. 
“We believe the underlying trends

driving our business will continue
and that fiscal 2011 will be another
record year for us,” concludes Rawls. 

Demand for
Finisar products
has been driven
by growth in IP
traffic, demand
for mobile
bandwidth 
and the need 
to upgrade
existing
networks and
build out new
wireless
backhaul
networks

Margins on a
non-GAAP basis
can continue 
to improve as
these new
engineering
designs
become
qualified by 
our customers
and we realize
the expected
benefits of
anticipated
additional
revenue
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Finisar’s quarterly revenue rises 12.9% to record $188.5m 
Improvement in gross profit margin expected to continue 

Finisar has appointed Michael C.
Child to its board of directors. 
He will also serve on the board’s
Compensation Committee.
Since 1982, Child has been

employed by TA Associates Inc, a
Boston-based private equity firm
managing over $16bn of capital,
where he is currently managing
director. He has previously served
as a board member of more than
20 companies, of which 16 were
public, including Finisar from 1998
to 2005. Child also holds a B.S. in
Electrical Engineering from the
University of California at Davis
and an M.B.A. from the Stanford
Graduate School of Business.

“I look 
forward to 
having Mike
back on the
board,” 
comments 
Finisar’s execu-
tive chairman
Jerry Rawls.
“The fact that
he joins us with
a working

knowledge of the company will
enable him to make an immediate
contribution in terms of guiding
our company going forward,”
Rawls continues. 
www.finisar.com

Finisar appoints returnee to board 

Finisar’s returning
board member
Michael C. Child. 



The USA’s Avago Technologies Ltd,
Finisar Corp, Opnext Inc and Japan’s
Sumitomo Electric Industries Ltd (SEI)
have announced that Revision 1.4
of the CFP Multi-Source Agreement
(MSA) hardware and firmware
specification documents is now
available. 
In addition, the three firms Finisar,

Opnext and SEI, which founded the
CFP MSA and first announced it in
March 2009, have welcomed Avago
Technologies as a new member.
Other manufacturer companies
interested in joining the CFP MSA
are encouraged to contact an exist-
ing MSA representative. 
The CFP MSA’s aim is to define a

hot-pluggable optical transceiver
form factor to enable 40Gbps and
100Gbps applications, including
next-generation high-speed Ether-
net (40GbE and 100GbE). Plug-
gable CFP transceivers will support
the ultra-high-bandwidth require-
ments of data communications and
telecommunications networks that
form the backbone of the Internet. 

Industry analysts forecast that,
driven by high-quality video services
like video-on-demand (VOD) and
internet protocol television (IPTV)
as well as the availability of high-
speed and high-capacity access
networks such as FTTx and WiFi, 
IP traffic volume is expected to
nearly double every two years
through 2013, potentially resulting in
core network bandwidth shortages. 
To prevent this, carriers and service

providers are already planning the
deployment of next-generation
high-speed network protocols. The
Institute of Electrical and Electronics
Engineers (IEEE) has recently stan-
dardized 40 and 100 Gigabit Ether-
net under the P802.3ba Task Force
and is currently working to add new
features to 40 Gigabit Ethernet in
the P802.3bg Task Force. In addition
to the existing 40Gbps telecom
standards, both the OIF (Optical
Internetworking Forum) and the
ITU-T (the International Telecom-
munications Union’s Telecommuni-
cation Standardization Sector) are

working on standardizing SDH/OTN
telecom interfaces for long-haul
transmission of 100 Gigabit Ethernet. 
Pluggable transceiver modules

compliant to the CFP MSA will be
used on these 40Gbps and 100Gbps
interfaces. The CFP MSA is defining
the specifications required to sup-
port multiple applications using the
same form factor. These applications
include various protocols (such as
40GbE, 100GbE, OC-768/STM-256,
OTU3), media types (multi-mode
and single-mode fiber optics) and
link distances. The CFP MSA uses
numerous innovative features like
advanced thermal management,
electromagnetic interference (EMI)
management and enhanced electri-
cal signal integrity design to define
the transceiver mechanical form
factor, the optical connector, the
10x10Gbps electrical connector
with its pin assignments, the
MDIO-based transceiver manage-
ment interface and the hardware
required on the system host board. 
www.cfp-msa.org 

Avago joins CFP multi-source agreement as specifications
for 40Gbps and 100Gbps transceivers are updated 
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On 24 June, Emcore Corp of Albu-
querque, NM, USA, which makes
components and subsystems for
the broadband, fiber-optic, and
solar power markets, and Tangshan
Caofeidian Investment Corp (TCIC),
a Chinese investment firm adminis-
tered by Tangshan City’s Caofeidian
Industry Zone in Hebei Province,
withdrew their joint filing with the
Committee on Foreign Investment
in the United States (CFIUS).
The withdrawal was made jointly in

response to an indication from
CFIUS that it has certain regulatory
concerns about the transaction.
Emcore and TCIC had previously
made a joint voluntary filing with
CFIUS related to their proposed
transaction (agreed in February),

whereby Emcore would sell a 60%
stake in its Fiber Optics business
(excluding its satellite communica-
tions and specialty photonics 
fiber-optics businesses) to TCIC for
$27.75m in cash (subject to certain
adjustments), forming a joint ven-
ture Emcore Fiber Optics Ltd (EFO),
registered in Hong Kong.
In response to the indication from

CFIUS, Emcore and TCIC say that
they remain willing to explore alter-
native means of cooperation that
would address regulatory concerns
and meet the parties’ objectives.
When Emcore and TCIC withdrew

their joint application, the parties
notified CFIUS they would not go
forward with the transaction in the
form originally presented to CFIUS.

“While addressing any regulatory
requirements, Emcore remains
committed to seeking other means
of cooperation that would meet the
objectives of Emcore and TCIC,”
says Emcore president & CEO 
Dr Hong Q. Hou. “We will continue
to explore a broad strategy with
TCIC, or with alternative partners, to
meet the company’s objectives of:
(1) creating a low-cost manufacturing
base for its Fiber Optics business,
(2) separating Emcore’s Photovoltaics
and Fiber Optics businesses to
become pure plays in each segment,
and (3) providing Emcore with
improved liquidity to launch its 
concentrator photovoltaics (CPV)
business.” 
www.emcore.com

Emcore and TCIC pursue alternative means of
cooperation to address regulatory concerns 



RoseStreet Labs Energy Inc (RSLE)
of Phoenix, AZ, USA has announced
a laboratory demonstration of what
is claimed to be the first multi-band
photovoltaic device featuring three
distinct light absorption regions
integrated into a single-layer thin-
film device. 
RSLE was formed in October 2006

as a 50:50 joint venture between
parent firm RoseStreet Labs LLC (a
privately held supplier of products
and services for the renewable
energy, semiconductor and life sci-
ence markets) and Tokyo-based
Sumitomo Chemical Co Ltd to
develop both thin-film and multi-
junction high-efficiency solar cells. 
In 2005 RoseStreet Labs agreed

exclusive patent licenses with both
the US Department of Energy's
Lawrence Berkeley National
Laboratory (LBNL) (inter-band, or
‘I-band’, technology) as well as
Cornell University (an indium
nitride-based solar cell) for devices
that use a larger fraction of the
solar spectrum compared to con-
ventional products. The firm subse-
quently began commercializing
LBNL’s multi-band technology
(developed by RSLE’s chief technol-
ogy officer Wladek Walukiewicz and
Kin Man Yu at LBNL), which uses

oxygen impurities to split the con-
duction band of zinc manganese
tellurium (ZnMnTe), enabling
devices to achieve the efficiencies
of a triple-junction device with the
manufacturing cost and simplicity
of a single-junction device, it is
claimed. 
The demonstrated device is based

on RSLE’s IBand technology and is
the first known intermediate-band
solar cell reduced to practice in a
laboratory demonstration. The firm
says that the technology shows
promise for thin-film PV efficiencies
above 35% by potentially capturing
the full spectrum of the sunlight. 
Efficient solar cells require opti-

mized utilization of the whole solar
spectrum, and currently this is
achieved in a complex and expen-
sive technology in which several
solar cells with different bandgaps
are connected in series, says RSLE.
A much simpler approach in which
a single semiconductor has several
different bandgaps sensitive to dif-
ferent parts of the solar spectrum
has been proposed but never real-
ized, the firm adds.
The intermediate-band solar cell

developed by RSLE is a thin-film
technology based on the highly
mismatched alloys. The three-

bandgap, one-junction device has
the potential of much improved
solar light absorption and higher
power output than the III-V triple-
junction compound semiconductor
devices that hold the existing PV
efficiency record. RSLE’s demon-
stration device was fabricated using
high-volume CVD technology, vali-
dating the potential for commer-
cialization, the firm claims. 
“Although we are three to four

years away from high-volume pro-
duction with the IBand product,
this development opens up a new
class of semiconductor devices for
photovoltaic conversion and other
advanced semiconductor appli-
cations,” says RSLE’s CEO Bob
Forcier. “It fits seamlessly with our
hybrid PV commercialization.”
“This demonstration is a major

breakthrough in our photovoltaic
semiconductor roadmap which will
allow us to go to the next step in
our PV research at an accelerated
pace,” says Walukiewicz. “The
IBand technology is synergistic
with our thin-film nitride hybrid
product development and will allow
upside potential for higher solar
conversion efficiencies compared to
conventional technologies.” 
www.RSLEnergy.com 

RoseStreet Labs demos multi-band cell in
single-layer thin-film PV device 
Three-bandgap, single-junction device promises 35% efficiency 
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EpiWorks Inc of Champaign-Urbana,
IL, USA, which manufactures com-
pound semiconductor epitaxial
wafers for applications in optical
components, wireless devices and
high-speed communication systems,
says that it has demonstrated a 
6-inch compound semiconductor
photovoltaic (PV) wafer capability,
marking its first step in establishing
the infrastructure to produce low-
cost solar cells with the highest
conversion efficiency, targeting the
concentrated photovoltaic (CPV)

market in particular. 
“We are a high-tech manufacturer

with an established track record
supporting the wireless industry
with volume production, but over
the past several years we have also
established a strong solar cell capa-
bility,” says David Ahmari, execu-
tive VP of business development. 
“To ensure rapid and successful

adoption of this CPV technology,
EpiWorks is working closely with
key partners, including a US-based
semiconductor manufacturer listed

on the NASDAQ,” Ahmari adds.
“Our ability to provide leading tech-
nology combined with high-quality,
volume production, is a unique skill
set that creates new opportunities
for our customers.”  
Fellow epiwafer maker IQE plc of

Cardiff, UK also announced recently
(in mid-May) that it had developed
epi processes for producing triple-
junction CPV solar cells on both 6-
inch germanium and gallium
arsenide substrates. 
www.epiworks.com 

EpiWorks demos 6” photovoltaic epi capability 
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QuantaSol Ltd of Kingston-upon-
Thames, UK, which designs and
manufactures strain-balanced
quantum-well solar cells, has
undergone significant restructuring
as it prepares for volume manufac-
turing of high-efficiency multi-
junction cells for concentrated 
photovoltaic (CPV) applications. 
In late 2009 Chris Shannon was

appointed CEO, in a strategic move
to drive the business forward.
Shannon has more than 20 years of
experience in product marketing,
product development to manufac-
turing, and international sales
growth, leading the commercializa-
tion of start-up firms including 
Ezurio and Queensgate Instruments.
Shannon has now overseen two

new appointments to QuantaSol’s
management team. Ivor Thomas
joins as chief financial officer, 
bringing experience from several
UK-listed technology firms. His role
will involve introducing financial
and operational systems in prepa-
ration for rapid growth.
Also joining as VP of engineering

is Dr Gianluca Bacchin, whose pre-
vious positions include product

development director at semicon-
ductor laser manufacturer Intense
Ltd and senior researcher/engineer
at Corning OTI.
In addition, product engineering

director Dr Tom Tibbits has been
made director of product marketing.
Tibbits has been
with QuantaSol
since its forma-
tion in 2007,
having been a
protégé (whilst
studying at Lon-
don’s Imperial
College) of chief
scientific officer
Keith Barnham

(emeritus professor of physics &
senior research investigator in the
Physics Department). Tibbits also
spent a year at the Fraunhofer
Institute for Solar Energy Systems
(ISE).
In June last year, QuantaSol

announced that it had a single-
junction photovoltaic device which
achieved record energy conversion
efficiency of 28.3% at a concentra-
tion of greater than 500 suns when
independently tested by Fraunhofer
ISE. 
QuantaSol is funded and backed

by the Low Carbon Accelerator and
Imperial Innovations, and its
strain-balanced quantum-well 
solar cell (SB-QWSC) is believed to
be the world’s highest performing 
single-junction concentrator cell,
with the potential to enhance 
multi-junction cells to record 
efficiencies. 
Following continual development

to achieve multi-junction cells with
higher efficiency, QuantaSol is 
now targeting volume production,
with product launch expected later
this year. 
www.quantasol.com 

QuantaSol gears up for volume production of CPV cells
with management restructuring 
CFO and VP of engineering hired as product engineering director is
made director of product marketing 

QuantaSol’s managerial team.  

QuantaSol has appointed Ian Jenks
as chairman and board member. 
Jenks has more than 20 years of

experience in technology indus-
tries, both as an investor and as a
board member of a wide range of
operating companies in the USA
and Europe, including Altitun,
CoreOptics, Crystal Photonics, Dig-
ilens, Novalux, Oplink, Symmor-
phix, Zolo Technologies, and
currently Intune Networks. He was
also president of the Laser and
Fiber Optic groups of Uniphase Inc
(now JDS Uniphase), responsible
for the management of business

operations in the USA, England,
Switzerland and The Netherlands.
He has also been a general partner
with VC firm Crescendo ventures. 
“Ian joins the company at an

exciting time as we ready our-
selves for volume production and
our first commercial product
launch,” says CEO Chris Shannon.
“His track record in driving 
international businesses, experi-
ence with Uniphase and time in
Silicon Valley gives Ian the perfect
CV to help guide QuantaSol through
the next stage of its development,”
he adds. 

“QuantaSol is pioneering unique,
world-beating CPV solar cells that
will deliver breakthrough perform-
ance improvements and enable
the market for this new, lower-cost
renewable electricity generating
technology to take off and thrive,”
believes Jenks. “I look forward to
making use of my experience in
the company’s key markets to help
drive QuantaSol’s growth and
commercial success as the com-
pany transitions from a start-up
developer to revenue generating
company.” 
www.quantasol.com 

QuantaSol appoints optoelectronics industry veteran as chairman 

QuantaSol is
now targeting
volume
production,
with product
launch
expected later
this year
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Concentrated photovoltaic (CPV)
system maker Concentrix Solar GmbH
of Freiburg im Breisgau, Germany, a
division of Soitec Group, has joined
the Desertec Industrial Initiative
(Dii) as an associated partner. 
Concentrix Solar says that the part-
nership paves the way to utility-scale
CPV projects in the Middle East and
North Africa (MENA). The Dii was
launched in July 2009 to provide a
framework for investments to sup-
ply the MENA region and Europe
with power produced using solar
and wind energy sources.
”We are looking forward to work-

ing with Desertec and the countries

in the MENA region,” said Concen-
trix CEO Hansjörg Lerchenmüller.
“Our CPV technology is extremely
efficient, modular, flexible and very
well suited to the needs and chal-
lenges of the MENA region,” he adds.
“As the first CPV company to join
the Desertec technology portfolio,
we have an opportunity to make a
significant contribution to region's
energy needs and the advance-
ment of renewable energy
sources.” 
Concentrix Solar manufactures

high-efficiency CPV systems, and
offers fully integrated system kits,
turnkey CPV solutions and services

for utility-scale power plants. As a
division of Soitec, Concentrix says
its advances in multi-junction solar
cells are supported by the Fraun-
hofer ISE and CEA-Leti R&D labs.
CPV systems are currently pro-
duced in a large-volume, fully auto-
mated factory in Freiburg, scalable
to fulfill rising demand for utility-
scale power plants.
The Dii’s long-term goal is to sat-

isfy a substantial part of the energy
needs of the MENA countries and
meet as much as 15% of Europe’s
electricity demand by 2050.
www.dii-eumena.com 
www.concentrix-solar.de 

CPV firm Concentrix Solar joins Desertec Industrial
Initiative as associated partner 

Circadian Solar of Coventry, UK,
which is developing concentrated
photovoltaic (CPV) systems incorpo-
rating GaAs multi-junction PV cells,
has established a new test facility
for its CPV system at the Faculty of
Sciences of the University of Lisbon.
The firm says this takes advantage
both of the high direct normal solar
insolation (DNI) in this part of 
Portugal and of the expertise of the
University of Lisbon’s Solar Energy
Research Group, led by professor
António Vallêra. 
The Solar Energy Research Group

focuses on photovoltaics at both the
materials level (working on new
methods for growing high-quality
and low-cost solar materials) and
the system level (including
research on insolation and PV per-
formance measurement and CPV).
It also runs a Solar Test Site where
the performance of solar PV sys-
tems is monitored continuously.
“We are delighted to form this new
cooperation with Circadian Solar to
assist the company in driving its
innovative designs through to 
market applications,” comments
Vallêra. 

The installed Circadian Solar CPV
system is a 5m2 tracker, a sub-
structure of its 30m2 system (CS30)
at the heart of its product line. The
firm says that the research tracker
allows easy access to the chassis
for rapid changes of development
modules, but provides the high
(<0.4°) tracking accuracy of the
standard product. Ethernet access
is provided both for remote control
of the tracker from Circadian’s UK
headquarters and for the transmis-
sion of data for performance moni-
toring and immediate analysis. The
system is already collecting data. 
“Our research tracker at the 

University of Lisbon is an important
test facility, which will greatly
enhance our development of
improved modules and thin-film
III-V solar cells that are under

development via our joint venture
tf2 devices,” says Circadian’s R&D
director Dr Geoffrey Duggan. tf2
was formed with Radboud Univer-
sity Nijmegen of The Netherlands
last December to develop thin-film
III-V technology for solar cells. The
aim is to match the record conver-
sion efficiency of III-V solar cells
(which is greater than 41%), while
reducing the cost of manufacture. 
“Lisbon is easily accessible from the

UK, and we are delighted to form this
cooperative programme with profes-
sor António Vallêra,” adds Duggan.
“Within days of our engineers arriv-
ing on site, the tracker was assem-
bled, installed and commissioned,
and a record performance on a new
module design was recorded and
transmitted to our headquarters.” 
http://solar.fc.ul.pt 

Circadian establishes test facility at University of Lisbon
Tracker system installed at Solar Energy Research Group 

Circadian was ranked 16th in The
Daily Telegraph newspaper’s list of
the top 50 UK university spin-outs. 
The ranking is based on the firm’s

YouNoodle Score (a quantitative

measure of a startup’s progress and
traction based on its traffic, funding,
employees and other activity). 
www.telegraph.co.uk
www.circadiansolar.com

Circadian ranked 16th UK university spin-out
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In late May, during the dedication
ceremony on the first concentrated
photovoltaic (CPV) power plant
owned and operated by the Southern
Nevada Water Authority (SNWA) at
its River Mountains Water Treatment
Facility (a 308kW DC installation in
Henderson, NV), system supplier
Amonix Inc of Seal Beach, CA, USA
announced plans to construct a new
plant for producing CPV systems
(mostly for large-scale commercial
installations and electric utilities) in
the Las Vegas area by end 2010. 
Amonix had been considering three

buildings, all covering more than
150,000ft2. “We have been meeting
with members of the community in
Clark County... We are very close to
securing the lease for this facility,”
said CEO Brian Robertson. Fully
operational,it should have annual
production capacity of 150MW of CPV
systems and employ over 250 staff. 
“The key to creating new energy

jobs has been Senator Harry Reid’s

support of renewable energy initia-
tives,” says Robertson. Senate
Majority Leader Harry Reid reckons
that the renewable energy industry
in southern Nevada employs about
10,000 people. “Efforts of Senator
Reid and others were key to the
establishment of manufacturing
investment tax credits from the
Recovery Act,” adds Robertson.
Out of the $9.5m Amonix received
from the 2009 American Recovery
and Reinvestment Act’s Advanced
Energy Manufacturing Tax Credit,
about $5.9m will be spent on the
new facility. 
Amonix's move comes as the

Nevada Commission on Economic
Development (NCED, an agency
providing services, support and
assistance to Nevada communities
to help them diversify and develop
their economies) seeks firms to
relocate to the state. NCED has
approved a $1.3m tax abatement
incentive package for Amonix

(available for novel businesses in
Nevada State), reckoning that the
new plant will generate $1.9m a
year in new tax revenue (based on
sales taxes, business taxes and
personal and business property
taxes generated when the esti-
mated 269 jobs are created). 
Frank Woodbeck, NCED’s director of

Las Vegas Operations & Workforce
Solutions, said the state will also be
investing funds along with Amonix
to train the staff. Other job training
funds will be provided by the fed-
eral government. He expects staff
to be hired from late September.
“Much of the thrust of our economic

model is to focus on renewable
energy projects suitable for devel-
opment in the Western USA,” said
NCED chairman Nevada Lt. Gov.
Brian Krolicki. “Amonix is another
important step in helping us achieve
the critical mass necessary for the
establishment of a solar cluster here.” 
www.amonix.com 

CPV system maker Amonix has
named Patrick McCullough as its
new chief financial officer. It has
also appointed two new independ-
ent directors, Matthew Ryan and
Michael Skelly, to its board (joining
founder & chairman Vahan Gar-
boushian, CEO Brian Robertson,
Mark Cirilli of MissionPoint Capital
Partners, Ben Kortlang of Kleiner,
Perkins, Caufield & Byers, and Zeb
Rice of Angeleno Group).
McCullough has more than 15

years of corporate finance experi-
ence with industrial equipment,
building products and automotive
companies, and significant expert-
ise managing treasury, finance,
accounting, tax, compliance and
internal control functions. He was
most recently CFO & senior VP of
IMI Severe Service Division, a
provider of severe service valve
and control solutions for the fossil
fuel, nuclear power, and chemical
processing industries. He has also

been Division CFO at two divisions
of Johns Manville, a Berkshire
Hathaway Company, and CFO of a
billion-dollar US–Chinese joint
venture in Shanghai.
“Pat brings the experience and

track record of a successful CFO
with three Fortune 500 companies
and global experience across 
Asia Pacific, Europe, Africa, the
Middle East, India and the Ameri-
cas,” says Robertson. “His corpo-
rate finance expertise in areas
critical to the future growth and
success of Amonix are a welcome
addition to the executive manage-
ment team as we take the com-
pany to the next level of growth.” 
Ryan is president Americas of

CEVA Logistics, a provider of supply
chain solutions for large- and
medium-size companies. He joined
CEVA in 2009 as chief operating
officer, with 30 years’ experience
in the global electronics manufac-
turing and distribution industry.

This included 15 years with Flex-
tronics International, where he ran
end-to-end contract manufac-
turing and logistics operations
generating revenues of $20bn.
Skelly is founder & president of

Clean Line Energy Partners, an
independent developer of high-
voltage, long-haul transmission
lines. Previously, he led the devel-
opment of Horizon Wind Energy
from a two-person company to a
leadership position in the US wind
industry. Horizon was acquired in
2005 by Goldman Sachs, which in
mid-2007 sold the firm to EDP in
the largest transaction to date in
the clean energy industry. Before
joining Horizon, Skelly developed
thermal, hydroelectric, biomass,
and wind energy projects in Cen-
tral America with Energia Global.
“Our new independent directors

bring valuable industry, manufac-
turing and financial experience,”
comments co-Garboushian.

Amonix to build CPV production plant in Las Vegas area 

Amonix appoints CFO and two new independent directors







Researchers at Technische
Universiteit Eindhoven (TU/e),
Philips and Philips’ MiPlaza
research service company
hope to achieve 65% efficient
solar cells using semiconductor
nanowire technology with
€1.2m funding from the Dutch
government. By placing the
devices in southern Europe
and North Africa and using
mirror concentrator systems,
it is believed that such devices
could generate a substantial
portion of Europe’s electricity
demand. 
Thin-film compound semi-

conductor solar cells have
achieved more than 40% 
efficiencies, but are still
expensive. They have mainly
seen application in satellite
systems, but there have also
been developments in using light
concentrator systems to focus solar
energy on small cells to lower costs
and extract as much energy as 
possible. 
Lead researchers in the nanowire

solar project will be Dr Jos Haverkort
(TU/e), Dr Erik Bakkers (Philips) and
Dr Ir Geert Verbong (TU/e). They
believe that 65% efficiency could
be achieved in nano-structure cells
in 10 years, giving electricity at a
cost of about €0.50/W peak, com-
pared with today’s price for solar
power of about €1.50/W peak. 
The efficiency record for nanowire

solar cells is 8.4%, but Haverkort
comments: “We expect that a pro-
tective shell around the nanowires
is the critical step towards attaining
the same efficiency with nanowire
solar cells as with thin-film cells.” 
Among the expected advantages

of using nano-structuring is the
ability to stack layers with optimal
responses to different wavelengths
of solar light. Haverkort thinks that
using 5–10 junctions can achieve
65% efficiency. Nanowires can be
grown on low-cost, large-diameter
silicon wafer substrates, reducing the

amount of costly gallium and indium
metal used in producing III-V solar
cells. Further, growth technologies
on silicon wafers have been exten-
sively developed for low cost.
Philips has worked with others on

III-V nanowire on silicon technol-
ogy for some time. Bakkers was
part of a group that reported a
generic process for creating nearly
defect-free arrays of InP and GaP
nanowires [Aurélie Pierret et al,
Nanotechnology, vol21, p065305,
2010]. A patterned array of gold
particles (on InP and GaP sub-
strates, rather than silicon, in this
case) formed the catalyst for the
nanowire MOCVD growth. It was
found that cleaning away organic
residues from the catalyst deposi-
tion and patterning was particularly
important for defect-free results
(see Figure). Previous work involv-
ing Bakkers has included III-V
nanowire growth on silicon. 
www.miplaza.com/index.html
The author Mike Cooke is a 
freelance technology journalist who
has worked in the semiconductor
and advanced technology sectors
since 1997.

Nanowires targeted at 65% efficiency
Nano-structuring could cut cost to €0.50/Wp

News: Photovoltaics 

semiconductorTODAY Compounds&AdvancedSilicon • Vol.5 • Issue 5 • June/July 2010 www.semiconductor-today.com

54

5N finances Sylarus
amid Ge supply &
recycling agreement
5N Plus Inc of Montreal, Canada,
a provider of high-purity metals
and compounds for electronic
applications, has agreed to sub-
scribe convertible debt of Sylarus
Technologies LLC of Saint George,
UT, USA, which produces germa-
nium substrates for multi-junction
photovoltaic cells, in order to help
fund Sylarus’ expansion plans. 
5N Plus and Sylarus have also

entered into a long-term supply
and recycling agreement under
which 5N will provide high-purity
Ge feedstock to Sylarus and
recycle Ge-containing residues
from Sylarus’ crystal growing and
wafer manufacturing activities. 
“Sylarus is one of the very few

germanium substrate suppliers
used for high-efficiency solar
cells in both space and terrestrial
applications,” says 5N Plus presi-
dent & CEO Jacques L’Écuyer.
“This is an area of the solar mar-
ket that we were not addressing
through our existing product
offering. Together with the supply
and recycling agreement we
entered into with Sylarus, this
financing further strengthens our
Ge-related activities and provides
a valuable outlet for our sub-
sidiary Firebird’s line of products.” 
Last December, 5N acquired

Firebird Technologies Inc of Trail,
BC, Canada, a manufacturer of
compound semiconductor prod-
ucts and pure metals including
indium antimonide wafers as well
as antimony, indium and tin pure
metals, and Ge feedstock. 
“5N Plus’ financing will enable

us to more effectively implement
our expansion plans,” comments
Sylarus president Scott Mitchell.
“In addition, Sylarus will be pro-
vided with a reliable and high-
quality germanium feedstock and
cost-effective recycling options.” 
www.5nplus.com 

IN BRIEF

InP nanowire arrays created using soft 
nano-imprint lithography: (a) pattern of Au
dots after lift-off process, prior to growth of
nanowires; (b) nanowire array without
suitable cleaning step with ‘grass-like’ wires
appearing between intended structures; 
(c) and (d) nanowire array resulting from a
piranha (sulfuric acid/hydrogen peroxide)
cleaning step and 550°C anneal before growth. 



Sunovia Energy Technologies Inc of
Sarasota, FL, which is commercial-
izing concentrating photovoltaic
(CPV) tracking systems based on
cadmium telluride (CdTe) solar
cells, says that it is currently in dis-
pute with EPIR Technologies Inc of
Bolingbrook, IL, USA, which devel-
ops infrared sensor, biosensor and
solar photovoltaic products.
Sunovia adds that the dispute may
ultimately require it to commence
litigation against EPIR. It has already
engaged Chicago-based law firm
Funkhouser Vegosen Liebman &
Dunn Ltd as special counsel. 
“We have notified EPIR that it is in

breach of our agreement and sub-
mitted a formal request to EPIR, as
a shareholder of EPIR, to deliver
certain corporate and financial
records,” says Sunovia’s chairman
& CEO Carl Smith. “No lawsuit has
been filed by either company but
our management has grown con-
cerned that it may be required to
commence litigation. We will, how-
ever, continue to seek an amicable
solution to these issues.”
“Sunovia and EPIR established

and agreed upon timeframes, in
writing and signed by both compa-
nies, that required EPIR to deliver 
a 1–3MW pilot production facility in
early 2010 for solar CPV cadmium
telluride wafers. This date was not
met by EPIR,” Smith continues. 
“In addition, we requested compre-
hensive financial records from EPIR...
We believe that we need these
records for financial reporting 
purposes and that the records
should be made available to us as a
shareholder of EPIR and under the
agreements between the companies.
EPIR has disputed our assertions
but indicated that it remains willing
to attempt to resolve our differ-
ences.” 
“Sunovia made a series of false

allegations regarding EPIR and its
performance under an agreement
with Sunovia,” responds EPIR’s CEO

Dr Siva Sivananthan, a director of
the Microphysics Laboratory at the
University of Illinois at Chicago who
founded EPIR in 1998 to develop
infrared materials for the US military
based on mercury cadmium telluride
(CdHgTe, or MCT). “We will vigor-

ously defend
ourselves in
connection with
Sunovia’s alle-
gations and are
confident that
we will prevail
should Sunovia
pursue any of
the legal
avenues 
intimated,” 
he adds. EPIR
reiterated that
Sunovia’s
claims are
entirely without

merit and explained that it is con-
sidering all potential options with
respect to Sunovia and its conduct. 
“Sunovia has provided more than

$11m in cash and equity to EPIR,
and we have notified EPIR that all
further capital payments to EPIR
under our agreements will be sus-
pended until this dispute is
resolved,” says Smith. 
“We continue to develop the CPV

solar system and we are already in
negotiations to ensure that we will
be able to secure a replacement
solar wafer component for our solar
CPV system from an alternate
provider should EPIR fail to fulfill its
obligations,” Smith continues.
Sunovia emphasizes that its sys-
tem is compatible with not only 
II-VI but also III-V solar cell tech-
nologies. “We are working diligently
to ensure that we remain on 
schedule for our solar system
deployment and we fully expect to
commence with initial installations
of the new system on schedule.” 
www.epir.com 
http://sunoviaenergy.com
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Sunovia board gains
financial expert 
Sunovia Energy Technologies,
which is commercializing LED
lighting products as well as solar
products, has appointed Erich
Hofer to its board of directors. 
The firm says that, with 

20 years of experience in the
financial and banking industries,
Hofer’s multi-faceted background
should assist it in raising capital
as well as exploring international
sales opportunities and 
operations, including financial
operations.
Hofer is currently a director at

Arkanova Energy Corp, where 
he was involved in securing its
largest project acquisition to date
and used his resources from
Europe to provide capital for the
operation. Hofer was a financial
analyst and business consultant at
PetroHunter, where he supported
corporate and business initiatives
through strategizing methods 
for development and growth.
Having completed his goal of
restructuring its operations, he
has resigned from PetroHunter
and plans to devote more time 
to Sunovia. 
Hofer has previously held key

positions including financial 
controller at Zurich Cantonal 
Bank (the largest state bank in
Switzerland). He was also 
chief of staff at technology
manufacturing firm Schneeberger.
In Switzerland, he was chief
financial officer at Argo-Hytos, 
an international manufacturer of
industrial and mobile hydraulic
systems. 
Hofer is a certified management

accountant and received his
bachelor’s degree in economics
and management from the 
University for Applied Science for
Business and Administration in
Zurich. He also holds an MBA
from the University of Chicago. 
www.evolucialighting.com

IN BRIEFSunovia and EPIR in contract dispute
CPV system developer could switch from 
II-VI wafer supplier to III-Vs 

Sunovia has
provided more
than $11m in
cash and
equity to
EPIR... all
further capital
payments to
EPIR under our
agreements
will be
suspended
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First Solar Inc of Tempe, AZ, USA,
which makes thin-film photovoltaic
modules based on cadmium telluride
(CdTe) as well as providing turnkey
solar projects and engineering, pro-
curement and construction (EPC)
services, has formed a utility sys-
tems business group to address the
large-scale photovoltaic (PV) sys-
tem solutions market. Jens Meyer-
hoff (chief financial officer since
2006) has been named president of
the new group, but will remain CFO
until a replacement is appointed. 
“With the pending completion of

First Solar's acquisition of NextLight
[announced in late April], this part of
our global business represents the
next leg of growth for our industry
and First Solar,” CEO Rob Gillette.
NextLight Renewable Power LLC of
San Francisco, CA, USA is an inde-
pendent developer of utility-scale
solar projects in the southwestern
USA that was founded in 2007. 
“Jens brings significant financial,

operations and market expertise to
the utility systems business in

order to provide our customers
with a full PV system solution to
their renewable energy needs,”
Gillette continues. “He will ensure
an integrated, portfolio-based
approach to project economics —
from site selection and project
development through to transmis-
sion access, power purchase agree-
ment and project asset sale.”  
First Solar will have power purchase

agreements for 2.2GW of utility-scale
solar projects in North America when
the NextLight acquisition closes
(expected this quarter). In the near
term, the systems business supports
utility customers’ achievement of
renewable generation requirements
at the lowest cost and shortest lead
time to generation, while continuing
to drive solar PV economics to levels
comparable with fossil-fuel genera-
tion, claims the firm, to enable
broader adoption of PV technology.
To date, First Solar has built or has
under construction 189MW of utility
systems projects in North America. 
www.firstsolar.com 

First Solar creates utility systems unit 

At its annual shareholders meet-
ing on 1 June, William J. Post was
elected to First Solar’s board of
directors. 
Post is former chairman of the

board of Arizona Public Service
(APS) and former chairman & CEO
of its parent firm Pinnacle West
Capital Corp. He joined APS in
1973, became president & CEO of
APS and president of Pinnacle
West in February 1997, and was
named chairman of the board of
both firms in February 2001.
“Post is a valuable addition to our

board, both for his electric power
industry experience and as a
champion of sustainable busi-
ness,” says First Solar’s CEO Rob
Gillette. “Under Bill’s leadership,
Pinnacle West and APS became
leaders in sustainability. APS
developed a mission to advance

business practices that improve
the economy, environment and
community to create a more sus-
tainable future,” he adds. “He will
help First Solar achieve its mission
to create enduring value by
enabling a world powered by
clean, affordable solar electricity.” 
Post is currently on the boards of

Translational Genomics Research
Institute and the Thunderbird School
of International Management. He is
chairman of Blue Cross Blue Shield
of Arizona and chairman of the
board of trustees of Arizona State
University, where he received a
Bachelor of Science degree in 1973.
Community activities include act-

ing as chairman of the Business
Coalition, Greater Phoenix Leader-
ship, Greater Phoenix Economic
Council, and Greater Phoenix
Chamber of Commerce. 

Former Arizona Public Service chairman
joins First Solar’s board of directors 

First Solar starts up
1.3MW plant atop
its German factory 
First Solar has started operation of
a 1.3MW power plant on the roof
of its production site in Frankfurt
(Oder), Germany which, for the
first time, now represents the
entire solar value chain, from
manufacturing of modules and
power generation to recycling.
First Solar says that it focuses in

particular on the sustainable
management of the entire life
cycle of its modules and, claim-
ing to be the first manufacturer
to do so, introduced a pre-
financed collection and recycling
program. The rooftop power
plant in Frankfurt (Oder) is a step
to implementing this. First Solar
will hence in the future also gen-
erate its own power in addition to
manufacturing solar modules
and recycling. 
“For years now, we have been

successfully promoting the sus-
tainable support of renewable
energy and are therefore pleased
that First Solar is taking the lead in
an exemplary manner and is now
using solar energy to manufac-
ture its modules,” comments Ralf
Christoffers, Brandenburg state’s
Minister for Economic Affairs. 
The new power plant will gener-

ate more than 1000MW-hours of
energy per year, corresponding
to the needs of 366 three-person
households and annual CO2

savings of about 875 tons. More
than 17, 070 FS-275 thin-film
modules were installed for the
12,400m2 facility. More than 120
inverters transform the power into
alternating current, which is then
fed into the local network from
the internal First Solar network.
First Solar has been producing

solar modules in Frankfurt (Oder)
since 2007, and has almost 700
staff in Germany. Last month, it
unveiled plans to double produc-
tion capacity there by end 2011. 

IN BRIEF



The US Department of Energy
(DOE) has offered Abound Solar of
Loveland, CO, USA a conditional
commitment for a $400m, seven-
year loan guarantee to expand its
cadmium telluride (CdTe) thin-film
photovoltaic (PV) solar module
manufacturing capabilities. 
Abound aims to use the funds to

increase module production at its
existing manufacturing plant and to
establish a second plant that should
create more than 1200 jobs in Col-
orado and Indiana, while driving
down the cost of solar power for
USA and international customers. 
Since being founded in 2007,

Abound has raised about $200m in
venture capital and private equity,
built its first production line in
Longmont, CO and begun full-scale
commercial operations last Novem-
ber. The firm anticipates using
$100m of the loan proceeds to
increase the capacity of its existing
Longmont facility to 200MW per
year by the end of 2011. It plans to
invest the balance of the loan to
support construction of a larger
manufacturing facility in Tipton, IN.

When both plants are complete,
annual module production capacity
will be more than 840MW. 
“The DOE loan guarantee program

is essential to helping companies
like Abound Solar scale-up innova-
tions in photovoltaic manufacturing
that are critical to reducing the cost
of alternative energy,” says president
& CEO Tom Tiller. “When Abound
opened its first manufacturing plant
in 2009, we committed to providing
high-performing, lower-cost mod-
ules to our customers; DOE is help-
ing us keep that promise. The
proceeds of this loan will build on
the momentum we have already
established and confidently expand
our operations,” he adds. 
“The company received broad

support of its [loan] application
from customers, suppliers, and
political representatives,” says chief
financial officer Steve Abely. “State
and local representatives from both
Colorado and Indiana were particu-
larly instrumental in our efforts to
secure the loan guarantee to create
more high-paying jobs in America.” 
www.abound.com 

Abound modules for
Solen and RGE Energy 
Abound has signed an open-ended
sales contract for Solen Energy
GmbH of Meppen, Germany, a proj-
ect developer and systems provider
for large-scale industrial PV plants,
to design, sell and develop solar
projects with its AB1-series modules. 
Solen has over 50 staff and an

installation rate of over 60MW/yr.
“Their experience with small com-
mercial systems to multi-megawatt
projects makes the company a
competent and reliable partner for
any photovoltaic system,” says
Abound’s CEO Tom Tiller. 
“We are very happy to have found

in Abound Solar a partner with
whom we can work sustainably on
a long-term basis,” says Solen’s
director of sales Frank Schulmann. 
Abound has also signed an open-

ended sales contract with Europe-
wide solar project developer RGE
Energy AG of Frankfurt-am-Main,
Germany. 
“The company’s focus on sustain-

ability and providing high financial
returns to system owners through
the delivery and operation of cost-
effective turnkey systems makes
RGE a strong partner for Abound,”
says Tiller. 

Abound Solar and Key Equipment
Finance of Superior, outside Den-
ver, CO (one of the nation’s largest
bank-held equipment finance com-
panies and an affiliate of KeyCorp)
have set up a program to fund
commercial-scale photovoltaic sys-
tems for Abound’s US customers. 
Key Equipment Finance provides

business-to-business equipment
financing solutions, managing
nearly $11bn in assets and origi-
nating about $3bn of equipment
annually. The relationship aims to
enable integrators to offer flexible
financing of complete PV systems
using Abound Solar’s modules,
including cost of the balance of
systems components and installa-

tion services. Abound says that, by
offering a finance option, it is
enabling customers to match the
expected cost savings from the
solar panels to the cost of the pay-
ments, while allowing the end-user
to retain tax benefits of system
ownership. The program can
accommodate transaction sizes
from $100,000 to millions of dollars.
“The addition of a comprehensive

finance program is one more exam-
ple of Abound Solar’s commitment
to making solar electricity more
accessible to companies interested
in using clean, renewable sources
of energy,” says Key Equipment
Finance’s president Adam D.
Warner. “This finance program will

make it easier for government
entities, retailers and other com-
mercial customers to obtain that
technology while conserving cash.”
Abound highlights Key Equipment

Finance’s knowledge of the energy
industry, experience implementing
finance programs for solar equip-
ment manufacturers, and the abil-
ity to team up with another
Colorado-based company as pri-
mary reasons for selecting it as its
finance partner. “Key Equipment
Finance is a leader in providing
financing solutions for commercial
customers and government enti-
ties,” adds senior VP of sales &
marketing Julian Hawkins. 
www.KEFonline.com 

Abound names Key Equipment Finance as vendor financing partner
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Abound gains $400m loan guarantee 
Expansion to 200MW/yr by end 2011 and new
plant in Indiana to boost capacity to 840MW



Solyndra Inc of Fremont, CA, USA,
which manufactures copper indium
gallium diselenide (CIGS) photo-
voltaic (PV) systems consisting of
panels and mounting hardware for
commercial rooftops, has submitted
a request with the US Securities
and Exchange Commission (SEC) to
withdraw its Registration Statement
on Form S-1 (filed on 18 December)
for an initial public offering of
shares of its common stock, which
had aimed to raise up to $300m.
No shares of Solyndra’s common
stock had been sold pursuant to 
the registration statement. The 
firm says that it has elected not to
proceed at this time due to adverse
market conditions and the availabil-
ity of alternative funding from
existing investors.
Instead, Solyndra has agreed to

sell secured convertible promissory
notes worth $175m to certain
existing investors in a private
placement.
Proceeds will be used to fund

existing operations and to support
growth plans. “Given the ongoing
uncertainties in the public capital
markets, we elected to pursue
alternative funding from our 
existing investor base,” says CEO
Dr Chris Gronet. “This funding allows
us to address strong customer
demand by maintaining our
aggressive growth plans,” he adds.

Solyndra expects first production
from its Fab 2 manufacturing com-
plex in fourth-quarter 2010, about
two months ahead of schedule.
“We’ve now sold over 300,000 pan-
els for deployment on commercial
rooftop sites in a dozen countries,”
says Gronet. The firm expects
annualized production to exceed
300MW by fourth-quarter 2011,
enabling economies of scale that
will reduce manufacturing costs
substantially. 
Solyndra’s proprietary cylindrical

thin-film solar panels are built from
tubes. This ‘self-tracking’ design —
with a 360º photovoltaic surface
capable of absorbing direct, diffuse
and reflected sunlight (from below)
— allows the capture of more sun-
light from low-slope commercial
rooftops than conventional flat-
surfaced solar panels, which need
costly tilted mounting devices to
improve the capture of direct light
from the sun, offer poor collection
of diffuse light, and fail to collect
reflected light. Also, gaps between
the tubes and their frame let wind
pass through, reducing the need for
heavy, roof-penetrating fastenings
or anchoring; their lighter weight
also allows installation on scantier
roofs. Simple horizontal mounting
hardware also allows fast and eco-
nomical installation, claims the firm. 
www.solyndra.com 
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Eyelit’s MES for
Solyndra’s FAB 2
Eyelit Inc of Toronto, Canada, a
manufacturing software provider
for visibility, control, quality and
coordination of manufacturing
operations for the aerospace &
defense, discrete electronics,
semiconductor and solar indus-
tries, says that its Manufacturing
Software Suite integrated manu-
facturing execution software
(MES), factory automation and
asset management suite has
been chosen to support CIGS PV
module production at Solyndra’s
new automated factory (FAB 2).
Eyelit’s software was deployed

in Solyndra’s first factory to track,
monitor and provide full visibility
throughout the front-end
(process) and back-end 
(assembly) manufacturing
stages. The software provides
tube-level traceability and is
integrated with Solyndra’s 
Material Control System, to
ensure the correct delivery of
product to factory tools with 
the use of automated guided
vehicles, conveyors and robots,
says Eyelit.
“After evaluating competitive

solutions in the marketplace, we
concluded that Eyelit continues
to be the right choice for Solyn-
dra’s manufacturing software
needs going forward,” says
Solyndra’s VP of information
technology Paula Camporaso.
“Eyelit offers strong support and
they are very open to customer
feedback and to working closely
with us to continually improve
our processes,” she adds.
“Working in close partnership

with Solyndra’s IT team, we have
been able to help them to
achieve their manufacturing
goals with the flexibility to
expand to meet future needs,”
says Eyelit’s VP of sales & busi-
ness development Dan Estrada. 
www.eyelit.com 

IN BRIEF Solyndra targets private placement of
$175m to fund Fab 2 as it withdraws
from initial public offering 

Late May saw a visit to Solyndra’s
existing production fab and Fab 2
construction site by California’s
Governor Arnold Schwarzenegger
and US President Barack Obama,
pictured right with founder & CEO
Chris Gronet examining the firm’s
cylindrical PV panels. “Companies
like Solyndra are leading the way
toward a brighter and more pros-
perous future,” commented Obama. 

Schwarzenegger and Obama visit CIGS fab 



Solyndra Inc of Fremont, CA, USA,
which makes copper indium gallium
diselenide (CIGS) photovoltaic (PV)
systems consisting of panels and
mounting hardware for commercial
rooftops, says that LPS Industries
of Moonachie, NJ (a diversified
manufacturer in the flexible pack-
aging industry) has completed the
largest Solyndra installation in the
USA to date (a 704kW installation).
“Our goal with this project was 

to demonstrate LPS Industries’
commitment to conducting business
in an environmentally responsible
manner, but it had to make eco-
nomic sense,” says LPS’ CEO
Madeleine Robinson. “Solis Partners
[of Manasquan, NJ] specified the
Solyndra panels with a new ‘cool
roof’, allowing us to generate the
most energy possible from our roof
while reducing our overall energy
use,” she adds. “The system is up
and running and we expect a
strong return on our investment.” 
The installation consists of about

3800 Solyndra solar panels, pro-
ducing over 825,000 kWh of elec-
tricity and eliminating more than
1,100,000 pounds of CO2 emissions
annually (enough energy to
remove 93 cars from the road or
power more than 100 residential
homes per year according to US
Environmental Protection Agency
calculations). Solis Partners LLC (a
developer and integrator of solar
power systems to commercial,
industrial and utility clients)
designed, engineered and installed
the system in combination with a
new white ‘cool’ roof system. Solis
worked on procurement, financing,

and logistics with Allied Building
Products Corp, which distributes
building products to specialty 
contractors from over 180 locations
throughout the USA (and whose
solar division supplies Solyndra
panels, inverters, and other solar
products to qualified contractors).
Solyndra’s proprietary cylindrical

thin-film solar panels are built from
tubes. This ‘self-tracking’ design —
with a 360º photovoltaic surface
capable of absorbing direct, diffuse
and reflected sunlight (from below)
— allows the capture of more sun-
light from low-slope commercial
rooftops than conventional flat-sur-
faced solar panels, which need
costly tilted mounting devices to
improve the capture of direct light
from the sun, offer poor collection
of diffuse light, and fail to collect
reflected light. Also, gaps between
the tubes and their frame let wind
pass through, reducing the need for
heavy, roof-penetrating fastenings
or anchoring; their lighter weight
also allows installation on scantier

roofs. Simple horizontal mounting
hardware also allows fast and eco-
nomical installation, claims the firm. 
“We had all of the panels installed

in four weeks,” says Solis Partners’
managing director Jamie Hahn.
“The entire project was completed
in just a few months, which is very
impressive for an installation of this
size, and offered substantial instal-
lation savings for LPS over other
types of solar panels,” he adds. 
“This project demonstrates the

effectiveness of our growing Solyn-
dra Solution Provider channel
[established at the end of March],”
claims Solyndra’s VP of sales &
marketing Kirk Roller. “With Solis’
strong understanding of local and
federal incentives, they worked
with LPS, Allied and the local utility
to ensure the lowest turn-key sys-
tem cost for LPS.” 
The project was partially financed

by the PSE&G Solar Loan program,
which will be repaid by Solar Renew-
able Energy Certificates (SRECs). 
www.solyndra.com 
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Largest Solyndra installation in US completed 

Solyndra’s largest installation in the USA, comprising 3800 CIGS PV panels. 

Solyndra has received micro-
generation product certification
from the UK’s BRE Global Ltd, which
(incorporating LPCB & BREEAM) 
is an independent third-party
approvals body offering certification
of fire, security and sustainability
products and services to the inter-

national market. Certification fol-
lows rigorous testing and auditing. 
“Meeting these strict European

standards further validates our
commitment to product quality
and to meeting the needs of our
customers for reliable, rooftop
solar electricity,” says Solyndra's

CEO Chris Gronet. “The UK feed-in
tariff has heightened interest in
commercial rooftop solar power
throughout the region and this
certification further assures our
customers of Solyndra’s suitability
for the UK environment.” 
www.breglobal.com 

Micro-generation product certification received in UK
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Odersun AG of
Berlin, Germany,
which designs and
manufactures flexi-
ble thin-film solar
cells and modules
using proprietary
CISCuT (copper
indium disulfide on
copper tape) reel-
to-reel manufac-
turing technology,
has inaugurated its
second solar factory
‘SunTwo’, sited on
former army
grounds in Fürsten-
walde (Spree), Ger-
many. Odersun has invested nearly
€50m on SunTwo’s concept, plan-
ning, construction and equipment. 
At the opening ceremony, Oder-

sun gave Economics Minister of the
State of Brandenburg Ralf Christof-
fers a new type of solar module as
an example of the possibilities of
individual solar design. The firm
has also donated modules for a
solar installation at a sport gym in
Fürstenwalde. 
Odersun had already started

ramping up production at SunTwo
when it achieved IEC 61646 
certification this January. Based on
Odersun’s proprietary CISCuT tech-
nology, both standard as well as
customized thin-film solar modules
are now produced in volume at the
facility. 
Odersun says that its technology

allows full customization of solar
modules, which is necessary to
meet the demanding functional and
aesthetic standards of modern
architecture, with adaptability
being key to building-integrated
photovoltaic (BiPV) application.
Odersun’s proprietary reel-to-reel
manufacturing process uses flexible
copper tape as a basic component
and carrier for the CIS solar cell,
enabling the fabrication of modules
to customer specifications in any
size, power and design. 

“Odersun is well positioned to
serve the growing demand for cus-
tomer-specific solar products in the
market,” believes Odersun’s CEO 
Dr Hein van der Zeeuw. Currently,
111 staff are working in four shifts
in the fully integrated manufacturing
of thin-film solar cells and modules.
Staffing should rise to 150 by the
end of this year. Initial capacity is
about 20MW, but this could be
expanded to 30MW by installing
two additional production lines at
the plant.
“The Odersun factory is well posi-

tioned in the German capital
region: 40% of all solar modules
produced in Germany today come
from Berlin-Brandenburg,” said
Brandenburg’s Minister President
Matthias Platzeck at the event.
“The Energy Strategy 2020 of the

State of Brandenburg defines the
increase of the overall share of
renewable energies in primary
energy consumption to 20% until
the year 2020. In view of the climate
change and energy policy perspec-
tives this target is mandatory,” 
said Christoffers. “With a share of
currently 16%, this target is already
in sight.” Brandenburg is one of the
top states in Germany with respect
to the use and production of renew-
able energies, he claims. 
www.odersun.com 

Odersun inaugurates manufacturing
plant for customized CIS PV modules NASDAQ to

continue listing
CIGS PV firm
DayStar  
On 27 May, DayStar Technologies
Inc of Newark, CA, USA, which is
developing copper indium gallium
diselenide (CIGS) thin-film 
photovoltaic products, received a
letter from the NASDAQ Stock
Market confirming that it had
met the requirements of the
NASDAQ Hearings Panel’s 
decision of 9 April, and accord-
ingly the panel has determined
to continue listing the firm’s
securities. 
“Our continued listing on the

NASDAQ Stock Market enhances
shareholder value,” believes 
CEO Magnus Ryde (who replaced
the interim CEO and chief 
financial officer William Steckel 
in February). 
“We are very appreciative of our

shareholders who participated in
our annual meeting on 23 April
and approved the reverse split,”
Ryde adds. 
The 1-for-9 reverse split of the

firm’s common stock was subse-
quently approved by its board of
directors and became effective
on 12 May, with the stock trading
on a split-adjusted basis under
the temporary trading symbol
‘DSTID’ (but due to revert to
‘DSTI’ after about 20 trading
days). 
The reverse split reduced the

number of shares outstanding
from about 36 million to about 
4 million. Proportional adjust-
ments were made to DayStar’s
outstanding stock options and
other equity incentive awards,
and its equity compensation
plans.
Ryde describes the reverse

stock split as crucial to position-
ing the firm to retain its NASDAQ
listing. 
www.daystartech.com

IN BRIEF

CEO Dr Hein van der Zeeuw (right) presents customized
solar module to Ralf Christoffers, Minister of Economics of
the State of Brandenburg (middle), and a standard module
to Fürstenwalde mayor Hans-Ulrich Hengst (left). 
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Taiwan Semiconductor Manufacturing
Company Ltd (TSMC) of Hsinchu,
Taiwan (the world’s largest pure-play
silicon foundry) and Stion Corp of
San Jose, CA, USA, which manufac-
tures high-efficiency nanostructure-
based thin-film photovoltaic modules,
have reached a series of agreements
covering technology licensing, 
supply, and joint development. 
Also, TSMC affiliate VentureTech

Alliance is to invest $50m to take a
21% stake in Stion. Founded in 2006
as Nstructures, Stion raised $15m in
June 2007 in Series B financing led
by Lightspeed Venture Partners and
joined by General Catalyst Partners
along with previous investors
Khosla Ventures and Braemar

Energy Ventures. These are all said
to have now supplemented TSMC’s
$50m by boosting this latest Series
D fundraising round to $70m (mak-
ing the total raised since 2006
$114.6m). The new funding will be
used to expand the annual capacity
of Stion’s existing facility from
10MW to 100MW of solar panels,
bringing more than 500 direct and
indirect jobs to the region in 2010
and 2011, it is intended. 
Under the new agreements, Stion

licenses and transfers its thin-film
CIGSS (copper indium gallium sul-
fur-selenide) technology to TSMC,
while TSMC will provide a certain
quantity of solar modules to Stion
using the technology. TSMC and

Stion will also work together to
enhance the thin-film technology
through joint development.
“Working with Stion, TSMC gains a

robust thin-film technology with
inherent low cost structure,” says
Dr Rick Tsai, TSMC’s president of
New Businesses. “With TSMC’s R&D
capabilities and manufacturing
expertise, we believe we can
achieve long-term overall leader-
ship in solar PV solutions,” he adds.
“The collaboration enables Stion

to scale its operations, leveraging
both companies’ strengths,” 
comments Stion’s president & CEO
Chet Farris. 
www.tsmc.com 
www.stion.com 

TSMC spends $50m for 21% of Stion for CIGSS license 
$70m Series D to fund 100MW expansion 

As part of its solar power growth
strategy, Saint-Gobain of
Courbevoie, France says that its
subsidiary Avancis is to build a new
plant to produce CIS (copper
indium selenide) photovoltaic (PV)
modules for covering the roofs of
residential, industrial and commer-
cial buildings as well as for solar
plants. The site is in Torgau, Sax-
ony, Germany, where the group
already has a presence through
Saint-Gobain Glass (flat glass and
coated glass), Saint-Gobain Sekurit
(automotive glass) and Avancis (PV
modules).
The new plant will be Avancis’ sec-

ond German thin-film CIS PV panel
manufacturing facility, built close to
the first (which was commissioned
in October 2008 and has 150 staff
and annual production capacity of
20MW-peak). With a surface area
of 25,000m2, the plant will have an
annual production capacity of
100MWp (capable of supplying the
electricity needs for cities of 15,000
inhabitants) and should come on
stream by first-quarter 2012.

Saint-Gobain says that the tech-
nology (based on depositing a coat-
ing of CIS on a glass substrate) can
achieve higher conversion efficiency
than other thin-film technologies
(above 12% in production and up
to 20% in the lab). It is also effi-
cient at lower light levels, and
offers competitive advantages in
terms of manufacturing costs, the
firm adds. The technology requires
expertise in coating and thermally

treating glass material, two
core competencies for Saint-
Gobain (which specializes in
coated glass for the building
and automotive industries). 
●In early May, Donauer
Solartechnik Vertriebs GmbH
of Gilching, near Munich,
Germany agreed to include
Avancis’ PowerMax CIS mod-
ules into its portfolio, mark-
ing the expansion of Avancis’
distribution network. 
Donauer Solar Systems is a

specialist wholesaler of PV
systems and solar heat tech-
nology with a pan-European

presence, and will distribute Avan-
cis’ modules primarily in southern
Germany and nearby European
countries.
Avancis’ PowerMax modules have

an output of 100–120Wp. Due to
their performance in shady and
low-level light conditions, they suit
roof installations within the single-
dwelling segment and within com-
mercial applications, says Avancis.
www.avancis.de/en 

Saint-Gobain building Avancis’ second PV module plant 
100MWp plant to come on stream by Q1/2012 

Ground-breaking on 23 June (just two weeks
after deciding to build the plant) in the
presence of Torgau’s mayor Andrea Staude. 



Following rigorous internal product
development and testing, Ascent’s
CIGS laminated thin-film PV mod-
ules are now ready for beta-test
deployment at one of the aluminum
building systems product develop-
ment sites of Norway-based Hydro,
a global supplier of aluminum and
aluminum products that employs
about 19,000 people in 40 countries.
Hydro also owns about 30% of
Ascent.
CIGS thin-film flexible solar 

modules made by Ascent Solar and
integrated into the BIPV Brise Soleil
product line will be installed at the
external beta test site used by
Hydro Building Systems (HBS) in
Barcelona, Spain. The development
is part of the natural progression in
designing new building-integrated
photovoltaic (BIPV) products and
is the result of internal beta testing
and product development on the
Brise Soleil CIGS solar integrated
products.

The test installation aims to col-
lect performance data, evaluate
architecture aesthetics and show-
case Hydro's Brise Soleil line to its
partners, customers, system
designers and architects. The
beta-test site is a vertically
mounted shading device system
that is integrated with solar tech-
nology. The optimized Ascent Solar
modules integrated into the Brise
Soleil line will be evaluated against
existing silicon-wafer-based pan-
els. Ascent Solar says that this
external deployment will help to
set a standard for the integration
of lightweight flexible CIGS mod-
ules, as this will be the first time a
CIGS module manufactured using
a plastic substrate has been integ-
rated onto an aluminum façade
shading device system. 
“This is an important step for-

ward in our ongoing collaboration
with Ascent Solar,” says HBS prod-
uct development director Werner

Jager. “The installation at our test
site will provide the performance
data we need in order to demon-
strate the readiness of our CIGS
integrated shading system to our
customers. Ascent Solar has
shown tremendous progress since
we began this endeavor in estab-
lishing our Brise Soleil product
line,” he adds. 
“We are pleased that our product

development with Hydro Building
Systems has progressed to this
stage,” comments Ascent Solar’s
president & CEO Farhad
Moghadam. “Our lightweight,
durable and high-power CIGS
modules are an ideal match for the
shading system designed by HBS,”
he adds. “Installation onto the test
site is a real indication that our
product development is nearing
completion and is crucial to our
viability for larger system installa-
tions down the road.” 
www.hydro.com/en 

Ascent modules used in Hydro Brise Soleil’s Barcelona beta-test site

Ascent Solar Technologies Inc
(ASTI) of Thornton, CO, USA, which
manufactures flexible thin-film
photovoltaic modules based on
copper indium gallium diselenide
(CIGS), says that the US Defense
Advanced Research Projects
Agency (DARPA) has selected its
team for an award under the Low-
Cost Lightweight Portable Photo-
voltaics (PoP) solicitation. 
The 54-month ASTI-led program

‘Flexible High-performance Tan-
dem-junction PV Array’ consists of
three gated phases, the first of
which is 18 months and has a con-
tract value of about $3.8m. The
goal of PoP is to demonstrate low-
cost, lightweight photovoltaics (PV)
that can stand up to battle condi-
tions and environmental extremes
while delivering a power conversion
efficiency of 20% or greater by the
end of the program. 

ASTI leads a team of program
partners comprising small businesses
(ITN Energy Systems Inc of Littleton,
CO, Cambrios Technologies Company
of Sunnyvale, CA, Brewer Science
of Rolla, MO), a large business
(QinetiQ North America’s Technology
Solutions Group of Boston, MA) 
and academia (Institute of Energy
Conversion (IEC) of Newark, DE) to
leverage their collective expertise
with dedicated funding from DARPA
to meet the highly aggressive goals
of the PoP program. ASTI is one of
four firms — together with CIGS PV
module maker Global Solar Energy,
Infinite Power Solutions and
Microsat Systems — spun off from
ITN Energy Systems, which was
founded in 1994 by Dr Mohan Misra
(after working for more than 20
years in the aerospace industry) to
bring aerospace know-how to the
commercial marketplace. 

“In order to meet the aggressive
goals of performance, capacity, and
military toughness, our team has put
together a definitive plan that com-
bines our flexible CIGS production
experience and existing MILSTD
810G military product, advanced
high-temperature substrates from
QinetiQ, the combined expertise in
multi-junction thin-film technology
from ASTI and IEC, films for optical
and electrical enhancement from
Brewer and Cambrios, and enhanced
packaging technologies being devel-
oped by ITN and ASTI,” says Ascent’s
president & CEO Farhad Moghadam.
“The outcome of the program dove-
tails nicely with our existing tech-
nology improvement pathway for
our flexible thin-film monolithically
integrated CIGS-based PV modules
at 20% module efficiency for the
Department of Defense (DoD).” 
www.ascentsolar.com 
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Ascent-led team wins DARPA contract for portable PVs  
54-month program targets 20%-efficient lightweight arrays 



PAE Ltd subsidiary Shurjo Energy
Private Ltd of Kolkata, India has been
awarded International Electrotech-
nical Commission (IEC) certification
for its entire line of solar modules,
which use copper indium gallium
diselenide (CIGS) thin-film photo-
voltaic (PV) cells made by Global
Solar Energy Inc of Tucson, AZ, USA. 
As well as cells for glass module,

Global Solar Energy is said to be the
only manufacturer of CIGS PV cells
in full scale production on a flexible
substrate. The firm is producing
CIGS material with an average effi-
ciency of 11% on its production lines
in Tucson and Berlin, Germany,
says CEO Dr Jeff Britt. Shurjo’s
158W module is claimed to be one
of the most powerful CIGS panels
on the market. At the end of last
year, the firm said that it planned to
double its annual module produc-
tion capacity from 5MW. 
Issued by EuroTest Laboratori S.r.l

(TUV Intercert), IEC certifications
are an industry standard for vali-
dating PV products and technology.
Shurjo earned IEC 61646 and IEC

61730 certification, confirming that
all of its modules built with Global
Solar technology adhere to the
IEC’s stringent requirements for
functional, mechanical and safety
capabilities for long-term operation
and open air environments. Certifi-
cation is also a requirement for
modules used in solar power plants
in most markets worldwide.
IEC 61646 ‘Thin-film terrestrial

photovoltaic (PV) modules — Design
qualification and type approval’ and
‘IEC 61730 — safety test’ are test-
ing standards used worldwide by
the solar industry to verify that new
solar modules, encapsulation mat-
erials and manufacturers of solar
modules meet a minimum set of
functional and mechanical require-
ments to prove confidence for long-
term (25+ years) module
performance and integrity.
“Shurjo Energy has been solely

focused on developing and producing
a range of CIGS modules for the
past three years,” says Shurjo’s
chief technology officer Spencer
Jansen. “We have carried out

numerous in-house and external
tests, so that we fully understood
the interaction between the mater-
ials that make up our modules,
before subjecting them to the certi-
fication process." Global Solar's
technology allowed the firm to pass
the IEC test requirements on the
first attempt, he adds. 
Shurjo’s CIGS-based modules

have been subjected to the full
range of IEC testing, including
extra testing for modules without a
frame (so that they can be integ-
rated into existing roofing systems
and structures while maintaining
the same level of performance and
efficiency). Both Shurjo and Global
Solar Energy are developing and
providing products and services for
the emerging building-integrated
photovoltaic (BIPV) market.
To meet local government sup-

ported programs, Shurjo’s modules
have also been certified by the
Electronics Regional Test Laboratory
(East), India and the KS 1674 (East
African standard) from Intertek.
www.shurjo-energy.com 

Global Solar Energy Inc of Tucson,
AZ, USA, which makes copper
indium gallium diselenide (CIGS)
thin-film photovoltaic cells, says
that its technology is powering
what is claimed to be the world’s
largest CIGS rooftop installation.
The system, currently producing
820kW of solar energy for a plas-
tics manufacturer in Orgiano, Italy,
was made possible by Spanish
solar module maker Yohkon
Energía SL and CDM Italy, a PV
specialist and Italian branch for
Espacasa SL Spain and Global
Solar Energy. 
As a strategic partner of Global

Solar, Yohkon Energía makes mod-
ules based on the firm’s CIGS mat-
erial. Global Solar claims to be the
only firm reliably producing CIGS
that can be encapsulated in either
traditional glass modules or in a

flexible laminate, and has
achieved 11% average solar cell
efficiency. 
“Yohkon recognizes the tremen-

dous technological benefits that
CIGS PV offers, including its high
power density, which is why we have
been recommending the technology
for installations throughout our
markets in Spain and Portugal,” says
Yohkon Energía’s general manager
Jose Maria del Barrio. “We partnered
with Global Solar because it has
proven to be the industry leader in
delivering high-efficiency CIGS at a
manufacturing capacity that allows
us to ensure that this project will
be the first of many,” he adds. 
“CIGS is one of the most efficient

thin-film technologies, with enor-
mous potential to make new appli-
cations — such as integration with
building materials — cost effective

and viable,” says CMD Italy’s gen-
eral manager Enrico Faedo. 
Verified by the US Department of

Energy’s National Renewable
Energy Laboratory (NREL), 
Global Solar Energy is the first firm
to exceed the 13% efficiency 
target using CIGS thin-films on a
flexible stainless-steel substrate.
The firm has been selling CIGS
products on a flexible substrate for
more than six years, to market
segments including portable solar
chargers, traditional glass 
modules, and next-generation
building-integrated photovoltaic
(BIPV) products. 
“The recently completed rooftop

system in Italy is a milestone 
for the CIGS market,” reckons 
Global Solar Energy’s CEO 
Dr Jeff Britt. 
www.globalsolar.com 

IEC certification for Shurjo’s Global Solar-based modules 

Global Solar Energy powers largest CIGS PV rooftop installation 

News: Photovoltaics

www.semiconductor-today.com semiconductorTODAY Compounds&AdvancedSilicon • Vol. 5 • Issue 5 • June/July 2010

63



News: Photovoltaics 

semiconductorTODAY Compounds&AdvancedSilicon • Vol.5 • Issue 5 • June/July 2010 www.semiconductor-today.com

64

MiaSolé of Santa Clara, CA, USA,
which was founded in 2001 to make
copper indium gallium diselenide
(CIGS) thin-film photovoltaic mod-
ules, says that the US Department
of Energy’s National Renewable
Energy Laboratory (NREL) has
independently confirmed the
13.8% energy conversion efficiency
of its large-area (1m2) production
modules.
“The modules that we ship in

2011 will have efficiencies greater
than 13%,” says MiaSolé’s CEO Dr
Joseph Laia. “The only reason that
we are not shipping these modules
today is that we are awaiting the
completion of our UL certifications.” 

MiaSolé says that the new high
efficiency will allow it to offer solar
modules with the efficiency of poly-
silicon and the lower manufacturing
costs of thin-film modules.
“This demonstration is a tremen-

dous step forward in closing the
gap between the potential of CIGS
results, and what actually can be
achieved in a large-area production
module,” says Dr Ryne Raffaelle,
director of the National Center for
Photovoltaics at NREL. 
MiaSolé’s manufacturing process

deposits CIGS on a flexible stain-
less-steel substrate and produces
all layers of the photovoltaic mater-
ial in a continuous sputtering

process. The firm claims to be the
only thin-film solar company that
uses sputtering at every step for
coating the modules, reducing
manufacturing time and production
costs.
MiaSolé currently operates two

manufacturing facilities, with plans
to open a third in 2010. The firm
will ship 6.5MW in the first half of
this year, and expects to ship
22MW in total in 2010. Products are
designed for utilities and independ-
ent power producers to use in
industrial-scale deployments such
as large-scale rooftop and ground-
mount installations. 
www.miasole.com 

MiaSolé sets efficiency record for commercial-scale
thin-film PV modules
NREL verifies 13.8% for large-area 1m2 CIGS production modules 

To extend its product portfolio,
photovoltaic system integrator
Phoenix Solar AG of Sulzemoos
near Munich, Germany has signed
a framework agreement with 
MiaSolé. 
As part of the agreement (which

runs until 2013) Phoenix Solar has
placed an order for an initial
4.5MWp of modules, for delivery in
second-quarter 2010.
MiaSolé’s production process

applies different layers of copper,
indium, gallium and selenium on a

metal foil substrate, which is
divided into cell-like sections and
laminated between two hardened
glass plates. The frameless
glass–glass module can be used
for roofs as well as for ground-
mounted systems, and can with-
stand high wind and snow loads.
The production process also allows
for almost all module shapes to be
manufactured, increasing the
potential for system cost savings.
In the lab, CIGS technology has

already achieved the highest 

conversion efficiency of all com-
mercial thin-film technologies.
MiaSolé’s module efficiency is 
currently 10.5%, with higher-
efficiency products to be shipped
at the end of 2010.
The framework agreement also

includes a recycling warranty, where
required by regulation or financing.
At the end of the modules’ lifetime,
the customer has the option of
having them taken away by MiaSolé
and recycled or reconditioned. 
www.phoenixsolar.com 

MiaSolé agrees multi-year module deal with Phoenix 
Initial 4.5MWp order delivered in Q2/2010 

Spire Corp of Bedford, MA, USA,
which provides capital equipment
and turnkey production lines for
manufacturing photovoltaic (PV)
cells and modules, has been
selected by the US Department of
Energy (DOE) to receive a Small
Business Innovation Research
(SBIR) grant to develop an LED-
based solar simulator.

Spire is a producer of solar simu-
lators using pulsed lamp light
sources, but the new project will
develop a next-generation solar
simulator based on LED technology.
The firm says that an LED-based
system could provide advantages of
accuracy, reliability, versatility and
cost, while spectral, intensity and
spatial uniformity variations could

be achieved easily with system
software and control electronics.
“Our simulators are used by most

major module manufacturers
throughout the world and numerous
international testing facilities, so we
continuously strive to improve and
advance the technology,” says
chairman & CEO Roger G. Little. 
www.spirecorp.com

DOE grant for Spire to develop LED-based solar simulator



News: Detectors

www.semiconductor-today.com semiconductorTODAY Compounds&AdvancedSilicon • Vol. 5 • Issue 5 • June/July 2010

65

The Center for Quantum Devices
(CQD) at Northwestern University
has turned to the capabilities of 
m-plane gallium nitride as an ultra-
violet photodetector [Z. Vashaei et
al, Appl. Phys. Lett., p96, p201908,
2010]. 
Lower dark currents and higher

gains were achieved compared with
previous attempts to produce GaN-
based avalanche photodiodes (APDs)
by using m-plane oriented free-
standing GaN substrates that are
now being offered by commercial
suppliers, particularly with a view
to improved light-emission appli-
cations such as for green laser
diodes. The m-plane crystal orien-
tation is also attractive for APD
applications since the ionization
coefficients in such devices is
expected to be larger than that for
more conventional c-plane GaN. 
The researchers are working

towards replacing bulky fragile glass
photo-multiplier tubes (PMTs) with
III-nitride based ultraviolet APDs.
The operating voltage of PMTs is
typically 1kV. The internal gain of
106 for these devices leads to very
low dark currents (noise) compared
with systems using traditional
semiconductors such as silicon or
silicon carbide. Si and SiC semicon-
ductor devices also need filtering to
cut out visible/solar wavelengths.
Aluminum gallium nitride (AlGaN)

semiconductor APDs would have
frequency cut-offs determined by
their energy bandgaps roughly in
the range 3.4eV (GaN) up to 6.2eV
(AlN), corresponding to wave-
lengths between 365nm and
200nm, respectively. Such devices
would therefore be naturally blind
to visible spectrum/solar wave-
lengths (greater than 380nm).
Previous attempts to produce

nitride APDs have used sapphire or
SiC substrates. Lattice mismatches
in such systems lead to high 
dislocation densities (~109/cm2),
which increases leakage currents
and limits the possibility for 

avalanche gain. Avalanche gain
occurs when carriers under a
reverse bias gain enough energy to
generate further electron–hole
pairs, creating a cascade.
MOCVD using tri-methyl gallium

(TMG) and ammonia (NH3) was
employed to create the device lay-
ers. Silane (SiH4) and Bis(cyclopen-
tadienyl)magnesium (DCpMg) were
used to give n-type and p-type
doping, respectively. After some
disappointing attempts at growing
GaN layers on the m-plane GaN, it
was found that a desorption step
carried out at high temperature
was needed to remove contami-
nants such as oxygen or silicon
from the substrate surface. Further
work was carried out to optimize
the MOCVD growth conditions for
maximum crystal quality for both
undoped and doped layers.
The APD structures consisted of a

2μm undoped template layer, then
1μm of n-GaN, 200nm of i-GaN,
and 285nm p-GaN, forming a p-i-n
diode (Figure 1). The ohmic n-type
contact consisted of nickel-gold, and
the p-contact titanium-gold-titanium.
The devices were created in the
form of 225μm2 circular mesas. A
silicon dioxide passivation layer was
also deposited to prevent surface
leakage and breakdown effects. 
The dark current of the resulting

device was below the measurement
limit of CQD’s equipment (a
Hewlett-Packard HP4155A semi-
conductor parameter analyzer) up
to 30V reverse bias. At 50V reverse
bias, the dark current was 8.11pA
(3.6x106A/cm2 density). Above 80V
reverse bias, the dark current
increased rapidly. For comparison,
one reported value for a GaN APD
on c-plane sapphire had a dark cur-
rent density of 6.4x103A/cm2. The
significant reduction in leakage cur-
rent for the new device is attributed
to “development of high-quality
homoepitaxial growth on low-
defect-density FS-GaN substrates”.
Increasing the reverse bias raises

spectral response near the 364nm
band edge (Figure 1b). The band-
edge response at 0V is 41.5mA/W
(external quantum efficiency 14.2%)
and at 70V 523.0mA/W (EQE 177%).
The increase in reverse bias red-
shifts the band edge slightly due to
the change in optical absorption in
a semiconductor with applied elec-
tric field (the Franz-Keldysh effect).
The onset of avalanche multiplica-

tion was determined to be at 25V
(unity gain). A sharp increase in
gain was observed after 84V
reverse bias with a maximum gain
of 8000 found at 97V. 
The researchers hope that further

improvements/optimizations in
design and fabrication processing
could enhance the gain significantly
for front-illumination.
http://link.aip.org/link/APPLAB/
v96/i20/p201908/s1
Author: Mike Cooke.

UV APD improved by m-plane free-standing GaN substrate 
Lower dark currents and higher gains versus c-plane GaN devices 

Figure 1. (a) Current–voltage and
multiplication gain–voltage
characteristics for 225μm2 m-plane
GaN APDs. Inset: device structure. (b)
Responsivity measurements with
increasing reverse bias voltage (V).



We describe a novel patented approach to the
epitaxial growth of multi-junction III-V 
photovoltaic structures, namely the use of

epitaxial silicon-germanium (SiGe) grown lattice
matched to large-area GaAs substrates for the bottom
cell of such devices. 
There are several advantages to this approach over

the conventional use of an active germanium substrate.
These include precise control over SiGe doping, with
consequent benefits in overall device performance, and
also the ability to lift off the epitaxial layers from the
substrate and allow GaAs substrate re-use. 

Multi-junction solar cells
Multi-junction solar cell technology based on III-V
semiconductors has made significant strides in the last
20 years, and the world record conversion efficiency for
a solar cell of 41.6% has recently been demonstrated
by Boeing subsidiary Spectrolab Inc using this type of
device (independently verified by NREL). These
devices are typically triple-junction structures grown
on germanium substrates. 
Whilst predominantly being used for space applications

at the present time, this technology is poised for massive
expansion in the field of terrestrial power generation,
in the form of concentrated photovoltaics (CPV). 
CPV uses mirrors or lenses to concentrate the sun’s
radiation, giving the dual advantage of reducing the
III-V cell area requirement while increasing the con-
version efficiency of the cell. This offers the possibility,
under certain operating conditions, of significantly
reducing the cost per Watt of energy produced when
compared with other forms of renewable energy 
generation. 
The formation of multi-junction cells is typically

achieved by using an active germanium substrate
which is used to form the bottom cell of such a device

by diffusion of the Group V material from the overlying
III-V semiconductor layers to form the n-type emitter
of the p-n junction. This process is, by its very nature,
difficult to control and is the subject of several patents.
The other cells would then be formed using a 
conventional epitaxial approach, usually with a GaAs
middle cell beneath an indium gallium phosphide
(InGaP) top cell. Each sub-cell is connected via a low-
resistance tunnel contact, and the rest of the structure
consists of various windows, contacts and back surface
fields, arranged to optimize the solar photovoltaic
device performance. 
The conventional diffusion-doped Ge approach also

provides a bottom cell that over-produces photocurrent
compared with the other sub-cells. Whilst this means
that the overall triple-junction device can be optimized
by current matching the top two cells, it also suggests
that overall device efficiency is being lost in a device
where absolute efficiency is all important. 
There are several approaches being investigated where

multi-junction device architecture is being adjusted 
to better match the device to the solar spectrum.
Examples are the use of metamorphic structures on
both GaAs and Ge substrates and also the inverted
metamorphic (IMM) approach where the device is
grown inverted and removed from the GaAs substrate.
All of these technologies rely on lattice-mismatched
growth, which adds cost, complexity and the distinct
possibility of reduced yields in volume manufacturing.
In an industry where cost per Watt generated is one of
the key drivers, these technologies might never be
able to achieve the desired cost points. 
IQE has approached these problems from a different

direction. As IQE has extensive experience of growing
Si, Ge and SiGe epitaxially at our IQE Silicon facility in
the UK, we have used this expertise to develop the
means of growing the bottom cell of a triple-junction
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Dr Andrew Johnson and Mr Robert Harper explain how IQE has demonstrated
the first triple-junction photovoltaic device with an epitaxial bottom cell grown
lattice matched on a 6” GaAs substrate.  

Lattice-matched SiGe
on GaAs for triple-
junction CPV solar cells 



CPV device, lattice matched to a GaAs substrate. 
A schematic structure for such a triple-junction device
is shown in Figure 1. Lattice-matched SiGe (~2% Si) a
few µm thick is grown onto Zn-doped GaAs substrates
(as described below), forming the bottom cell of a
triple-junction device. 

Virtual substrates
The SiGe layers are epitaxially grown using low-pressure
chemical vapor deposition (LPCVD) in an ASM Epsilon
reactor and can be doped in-situ using diborane and
phosphine to produce p- and n-type layers accordingly.
Composition, thickness and cross-wafer uniformity of the
SiGe is checked using high-resolution x-ray diffraction.
The wafer is then transferred to an Aixtron 2600 Planetary
III-V MOCVD reactor using a proprietary technology to
protect the SiGe surface. As a proof of concept, these
SiGe virtual substrates have then been treated exactly
like a conventional Ge solar PV substrate, using diffusion
of the overlying group V material to create the p-n
junction in the SiGe epilayer. It is then possible to 
grow the top two cells of the triple-junction device in
the MOCVD reactor using a standard growth recipe.
The only modifications required are to change the
compositions of the III-V materials so that they are 
lattice matched to the GaAs substrate rather than for Ge.
For example, the middle cell would be made entirely of
GaAs rather than InGaAs, which would normally be
used on Ge. If lattice matching of the SiGe layer is 
carried out properly then there is usually no problem
growing the III-V material, with the morphology of the
final layer looking identical to similar epilayer structures
grown directly on Ge.
Having successfully grown high-quality CPV epilayer

structures onto SiGe on GaAs, these wafers were
processed using a standard CPV fabrication line by one
of our major partners. The only difference between this
approach and a conventional CPV cell on Ge would be
the back contact metallization, which is required to
achieve an acceptable ohmic contact to the p-GaAs
substrate. 
Devices have been fabricated into cells measuring

about 5mm x 5mm and 10mm x 10mm and subjected
to flash I-V test up to 300 suns concentration. Figure 2
shows the I-V characteristic for a 10mm x 10mm
device operated at about 200 suns. The results match
those achieved using a similar epitaxial structure
grown on Ge in the conventional manner, which exhibit
absolute conversion efficiencies of about 38%. 
Interestingly, the devices grown on GaAs exhibit a

slightly higher Voc than a similar device grown on a Ge
substrate, presumably due to the slight changes in
energy bandgap that occur when adjusting the material
compositions to obtain lattice matching. In addition, the
GaAs-based devices tend to exhibit higher fill factors
than the corresponding devices on Ge, with values of

about 90% being typical at ~200 suns concentration,
compared with 87–88% for a ‘conventional’ device.
This is the first demonstration of a triple-junction (3J)

photovoltaic device with an epitaxial bottom cell,
grown lattice matched to a GaAs substrate. Further
improvements in the overall device performance are
imminent — the same modifications that can be used
to achieve improved efficiency in a conventional 3J cell
are directly attributable to this device structure, and
those improvements are in progress. 
While this device still uses a diffused SiGe junction for

the bottom cell, the epitaxial nature of this bottom cell
now offers the opportunity of greater control of the
doping of that cell and hence performance enhancement.
IQE has a proprietary process that can be used to
reduce or largely eliminate the Group V diffusion when
growing III-V materials directly onto Ge or SiGe. This
can be used to enable the growth of the bottom junction
in an all-epitaxial fashion, giving significantly greater
control of the doping and thickness profiles for the
junction and thus enhanced device performance. 
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Figure 1: Schematic of 3J PV device using an epitaxial
SiGe bottom cell grown onto a GaAs substrate.



Additional opportunities
There are other opportunities that can then be
achieved over conventional triple-junction devices
using a passive Ge substrate. The ability to grow the
bottom cell epitaxially also enables the growth of other
layers that can assist the overall device performance.
Such enhancement layers are wide-bandgap windows,
tunnel contacts and back-surface fields, all of which
can be grown epitaxially beneath the bottom SiGe cell
p-n junction. This approach is not achievable with 
conventional triple-junction photovoltaic devices. All of
these technologies are currently under investigation at
IQE. 
One of the major challenges facing the embryonic

CPV industry is how to quickly reduce the cost of
installing systems and to achieve the desired cost/Watt
to enable CPV to compete directly with other energy
generation technologies. 

The whole point of using optical concentration in CPV
is to reduce the requirement for III-V semiconductor
material, but the overall cost proportion of the cell in a
CPV system is still significant. Similarly, the cost break-
down of the III-V photovoltaic cell shows that the sub-
strate cost for a CPV epiwafer is a very significant
proportion of the overall cell cost. 
To this end, this SiGe/GaAs technology is ideally

suited to substrate removal and re-use. The epitaxial
growth of dissimilar materials offers the prospect of
reliable substrate removal through a range of tech-
niques. IQE is investigating this approach using the
SiGe technology with layers that can be selectively
etched to enable reliable substrate lift-off, and we are
investigating this technology with various partners.
Another benefit of the growth of high-quality epi on

GaAs substrates is the fact that low-cost, 6” wafers are
readily available in large volume from a number of

vendors. As already stated, one of the key
challenges for CPV is to achieve an accept-
able cost-point, to enable energy generation
at a cost that the market will be willing to
pay. In common with most other semicon-
ductor technologies, one of the main ways to
achieve this is through the use of ever
larger-diameter substrates, yielding larger
device numbers per run. In contrast to GaAs,
6” Ge wafers are not yet readily available in
large volume and at low cost, although this
will occur as the CPV market expands. IQE
has already demonstrated successful epitaxy
of triple-junction photovoltaic devices onto
6” GaAs substrates, using its SiGe epitaxial
technology. Performance of these devices
matches similar structures grown onto 6” Ge
substrates in consecutive MOCVD runs, and
is close to the performance demonstrated on
4” Ge and GaAs substrates. This is the first
demonstration of a lattice-matched, triple-
junction device grown on 6” GaAs. 
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Figure 3: P-V curve for 10mm x 10mm cell operated
at x200 suns. 

Figure 4: Epitaxial SiGe CPV cells manufactured on 
4” GaAs substrates. 

Figure 2: I-V curve for a 10mm x 10mm cell operated
at x200 suns. 



Future work will concentrate on improving the bottom
cell performance of the SiGe/GaAs structure, using
some of the techniques described above. The advan-
tage of this technology is that any improvements
demonstrated in conventional diffused-junction photo-
voltaic devices grown on Ge substrates can quickly and
easily be incorporated into the SiGe/GaAs structure
without too much development. Similarly, any cus-
tomers that have their own intellectual property or
layer structures related to multi-junction devices can
easily and quickly incorporate their technology onto
this SiGe/GaAs platform to gain the benefits of
enhanced device performance and the ability to lift off
the epitaxy from the substrate. In addition, IQE will
continue to investigate the use of this technology for
reliable and cost-effective layer transfer with subse-
quent substrate re-use.

Summary
IQE has demonstrated a novel approach to the epitax-
ial growth of multi-junction photovoltaic devices,
namely the use of an epitaxial SiGe bottom cell grown
onto a GaAs substrate. Device performance is already
very close to the best that is currently available on the
market using conventional devices on Ge substrates.
This technology can easily be grown in large volume
and has already been demonstrated on 6” GaAs sub-
strates. 
The ability to engineer the bottom cell using conven-

tional epitaxial processes also offers a clear opportu-
nity to increase the overall device performance, and
further device enhancements can easily be transferred
into the top two sub-cells of the device. 

This is an exciting development that offers significant
scope for further device improvement and also
reduced cost of manufacture. ■
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Researchers based in
the USA and South
Korea have devel-

oped techniques for produc-
ing a number of device
levels that are then
released and transferred to
a separate substrate for fur-
ther processing [Jongseung
Yoon et al, Nature, vol465,
p329, 2010]. The main
research was carried out by
University of Illinois
Urbana-Champaign, with
some contributions from
personnel associated with
Hanyang University in Seoul
and Semprius, a company
based in North Carolina.
The researchers grew a

variety of aluminum gallium
arsenide (AlGaAs) layers on
GaAs substrates using
MOCVD. Silicon and zinc
were used for n- and p-type
doping, respectively.
Patterned vertical etching

with a citric acid-hydrogen
peroxide solution created
an array of rectangular
columns. Separate device
levels were separated by
high-Al-content Al0.95Ga0.05As
that has a much higher etch
rate in hydrofluoric (HF) acid compared with material
of low Al content (Figure 1). A patterned photoresist
layer was used to hold the devices in place while they
were etched away from the underlying wafer.
The devices were then transferred to suitable sub-

strates for further processing. Separately, Semprius 
is developing micro-transfer printing technology to 
create concentrator photovoltaic (CPV) products. 
The North Carolina-based company also offers licenses
for applications of the printing technique to non-CPV
applications such as flat-panel displays, flexible elec-
tronics, large-area sensors, and RF devices.

Three device types were produced and tested using
the techniques described in the Nature paper: 
metal-semiconductor field-effect transistors (MESFETs),
near-infrared (NIR) detectors, and photovoltaic (PV)
cells. In one case, all three device-type layers were
produced on a single substrate (Figure 1). In other cases,
the three device types were produced on separate
wafers with multiple layers — 7 or 40 bilayers of 
(n-GaAs/Al0.95Ga0.05As for the MESFETs, 4 repeats of 
n-GaAs/GaAs/Al0.95Ga0.05As for the NIR detectors, and
3 repeats of n-GaAs/n-Al0.4Ga0.6As/n-GaAs/p-GaAs/
p-Al0.3Ga0.7As/p-GaAs/Al0.95Ga0.05As for the solar cells. 

University of Illinois Urbana-Champaign develops GaAs membrane structures
along with transistor, infrared detector and solar cell demonstrators. 
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Figure 1. Schematic of multilayer GaAs/AlAs stack and the release of membranes
through selective etching of AlAs layers (a). Also shown are SEM cross-sections after
partial etch of AlAs layers (b) and a colored image of a heterogeneous device (c). 

Multi-story production of
optoelectronics from GaAs release
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The MESFET device
membranes were trans-
ferred to glass substrates
coated with a thin layer
of polyimide. The devices
were pattern etched to
form the channel regions
of width 130μm and
length 25μm. The ohmic
source and drain contacts
were made of palladium-
germanium-gold
(Pd/Ge/Au) and a 3μm
Schottky gate of tita-
nium-gold (Ti/Au). Using
the top five layers of a 
7-repeat wafer, the
researchers found the
performance variations
between the layers to be
‘random with magnitudes
comparable to device-to-
device variations
observed in any given
single layer’. The fre-
quency performance of
the devices demonstrated
unity current gain (fT)
and unity power gain
(fmax) frequencies of ~2
and ~6GHz, respectively.
Separate devices on the
glass substrate could be
interconnected to form
NAND and NOR gates.
For the NIR detectors, a silicon substrate was chosen

since this material is often used for infrared imagers.
The detector consisted of a Schottky metal contact, 
n-GaAs and an ohmic contact, with the same metal
combinations as for the MESFET. The structure provides
a NIR photodiode and a Schottky diode to block
reverse bias current, preventing crosstalk in a passive
matrix readout set-up. On-off ratios of ~200 were found,
a figure sufficient for passive operation. Elements derived
from all four layers showed comparable performance.
The elements were assembled into a 16x16 array. The
yield for functioning pixels was ~96%. Assembly into
interconnected arrays resulted in pixel yields of 70%, an
indication that the present limitation is breaks in wiring. 
PV membranes constituted the third demonstration of

the technology. Here the substrate was 50μm-thick
flexible polyethylene terephthalate (PET) sheets 
(Figure 2). The n-type ohmic contact consisted of
Pd/Ge/Au and the p-type of the sequence platinum-
titanium-platinum-gold (Pt/Ti/Pt/Au). In contrast to
the previous cases, the performance of the resulting

PV cell did show some fall-off in short-circuit current
performance with the source level of the membrane.
Secondary ion mass spectrometry suggests that 
diffusion of Zn in the p-type layers is to blame for the
shift in performance. The researchers propose that an
alternative dopant with a lower diffusion coefficient,
such as carbon, could solve this problem. 
With a double layer anti-reflective coating (ARC), the

devices can reach 20.5% efficiency, which compares
very favorably with some of the best reported devices
designed for ultrahigh concentration photovoltaic 
operation (20.6%). The cells can be connected in 
various ways — series, parallel or a combination — to
deliver a variety of voltage and current performance.
The researchers also see opportunities for these tech-

niques in other material systems such as those grown on
gallium nitride or indium phosphide substrates. This could
open the way to new forms of LEDs, lasers and sensors.
http://dx.doi.org/10.1038/nature09054
www.semprius.com
Author: Mike Cooke.

Figure 2. Schematic (a) of GaAs single-junction solar cell on a PET substrate coated with a
photodefinable epoxy. Optical image (b) of arrays of such devices formed on the source
wafer. Inset, magnified view of top (n-type) and bottom (p-type) contacts. Photograph
(c) of a solar module consisting of a 10x10 array of 500μm x 500μm GaAs solar cells on a
PET substrate. Graph (d) shows measured short-circuit current density (Jsc), fill factor
(FF) and open circuit voltage (Voc) under simulated AM1.5D (air mass 1.5 direct)
illumination (1000W/m2) at room temperature with a single-layer anti-reflection coating
(ARC, Si3N4) of first, second and third layer devices.



As befits a time of post-downturn cost savings and
efficiency, the 25th anniversary International
Conference on Compound Semiconductor

MANufacturing TECHnology (CS MANTECH) conference
returned to Portland, Oregon, the site of the second
conference in 1987 and a region populated by eco-
conscious nature lovers (making it the most cycle-
friendly city in the USA, as is evident from the unusually
high number of two-wheeled commuters). 
The conference opened with the Best Paper Award

(named in honor of conference founder He Bong Kim)
for last year’s conference to the US National Renewable
Energy Laboratory’s Sarah Kurtz for ‘Opportunities for
Development of a Mature Concentrating Photovoltaic
Power Industry’, with technical program chair Yohei
Otoki of Japan’s Hitachi Cable Ltd adding that the solar
sector’s health was highlighted in April by Amonix Inc
of Seal Beach, CA, USA, which makes concentrated
photovoltaic (CPV) systems using III-V multi-junction
cells, raising $129m in a Series B venture capital 
funding round. 
The opening special Plenary Session on ‘Green CS

Technology’ included Steve Wooley, head of Workplace
Services at Avago Technologies in Fort Collins, CO
(which has both a CMOS silicon fab and a GaAs fab),
discussing the firm’s work on reducing waste, lowering
water consumption, increasing recycling, and lowering
energy usage in all areas of fab, test, and office opera-
tions. Since 2003, the fab has saved 30.3 million 
kW-hrs of energy, equivalent to 26,000 tons of CO2,
while saving $2.2m — “another example of how you
can be environmentally proactive while maintaining
and even improving your cost structure,” commented
session chair Marty Brophy of Avago. However, Wooley
did note that, despite enjoying about 330 days of sun-
shine per year, the fab has not implemented solar power
generation, as cheap power supply to the fab would
mean a return on investment of as long as 21 years.
The focus is on making savings through efficiency
improvements rather than the use of renewables, 
he adds. 

The session also included a review of work led by 
professor David Johnson of the Center for Green 
Materials Chemistry at the University of Oregon and
Oregon State University on how greener processes can
be not only ecologically advantageous (creating much
less waste) but also economically advantageous, 
without the loss of fab quality. The center is developing
novel solution precursors that enable the deposition
from aqueous solutions of fully dense and pinhole-free
thin films that can be annealed at low temperatures,
achieving high performance as condensation reactions
densify the films. 

Smart phones lead recovery 
Despite the emphasis on economies, the more rapid-
than-expected recovery of the industry over the prior
year was reflected in the healthy figures at this year’s
MANTECH for both attendance — supplemented by 
co-location for the first time with this year of the ROCS
(Reliability of Compound Semiconductors) Workshop in
parallel to the CS MANTECH workshops — and the
number of presentations. Of the total of 81 papers, 
34 were non-US (drawn from 10 countries), benefitting
from the absence this year of the swineflu-hit 
non-attendances of last year’s MANTECH event in
Tampa, FL. 
“From the global economic despair at the beginning of

the year to the generally positive outlook at the end,
2009 was truly a dramatic year,” commented conference
chair Steve Mahon of TriQuint Semiconductor Inc of
Hillsboro, OR, highlighting that the industry recovery
was now straining supply chains, with some parts
going on allocation. 
In the ‘Business Analysis’ session, the chair Nick

Kolarich of Kopin Corp reiterated how the last year and
half has been a rollercoaster for the industry during the
global economic recession. “However, just as we cut
back, out of nowhere the handset industry
boomeranged back to record levels and is forecast by
analysts to continue solid growth.” 
Bruce Bernhardt of RIM (Research in Motion) — the
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This year’s CS MANTECH event returned to the city of Portland in scenic Oregon,
home to TriQuint and the setting for many presentations on developments in
gallium arsenide and gallium nitride amid a resurgent market following the
gloom of a year ago. Mark Telford reports. 

MANTECH comes full
cycle in Portland 



leading manufacturer of
smartphones for the US market
— cited Strategy Analytics
data for year-on-year growth
of as much as 50% in first-
quarter smartphone ship-
ments (from 36 million for
Q1/2009 to 54 million for
Q1/2010). Full-year 2009
shipments were up 15% on
2008 to 174 million, despite
the overall handset market
shrinking by 5.2% from 
1.19 billion to 1.13 billion. 
In addition, despite smart-
phones comprising just 15%
of overall shipments, the 
business is high-margin. RIM
in particular in Q1/2010 became the first smartphone
maker to break into the top 5 handset makers. 
Complementary to the rapid growth in wireless

devices, analyst Earl Lum of EJL Wireless Research
gave an overview of the base-station market and the
respective growth rates for 3G and 4G infrastructure
deployments. “China single-handedly saved the wire-
less equipment industry in 2009 as the country began
deployments for 3G technology,” said Lum, with billions
of dollars in contracts for network equipment for 
W-CDMA, CDMA2000 EVDO Rev. A and TD-SCDMA
base-stations from China Unicom, China Telecom and
China Mobile, respectively. 
However, with all three of these main China telecom

operators now easing off on capital expenditure on
wireless infrastructure equipment for the next several
years, Lum expects the overall market to be down in
2010. So, the most signifi-
cant event is the start on 
9 April of the auction of 3G
spectrum across India. 
Chinese network equipment
makers (i.e. Huawei — 
having taken top spot from
Ericsson — along with ZTE)
have won a dominant 50%
global market share
through aggressive pricing (with some vendors even
giving away base-stations for free). However, Lum
noted that Chinese vendors could be locked out of the
$10bn India market since, for several weeks, India had
embargoed Chinese equipment following the hacking
of India’s military missile defense computers. 
Meanwhile, last December, long-term evolution (LTE)

technology saw its first deployment with TeliaSonera in
Oslo, Norway. Large-scale deployment is beginning in
2010 worldwide, focused initially on the US and Japan-
ese markets (driven by Verizon Wireless and MetroPCS

in the US and NTT DoCoMo in Japan), as there are
already 64 network operators across 31 countries 
committed to LTE technology, according to the Global
mobile Suppliers Association. The other 4G technology,
WiMAX, will be relegated to a lower level of importance
and could die out by 2015, Lum believes. 
With new technologies, new spectrum and new 

networks planned for the next decade, the wireless
base-station equipment market is poised for growth,
with more opportunities for compound semiconductors,
Lum notes. The push towards higher-frequency bands
of operation, wider channel bandwidths, and more 
efficient systems will create opportunities for both gal-
lium arsenide and gallium nitride in RF switches, LNAs,
power transistors and miilimeter-wave MMICs, he
believes. In particular, there is talk that GaN could fall
below $1 per Watt, which would be a “major game-
changer” versus silicon LDMOS, says Lum. 

GaN progress 
In the ‘GaN Growth & Characterization’ session, the
University of Fukui — in conjunction with the Japan
R&D Center for Metal, Sharp Corp and Sumitomo 
Electric Industries Ltd — reported AlGaN-channel high-
electron-mobility transistors (HEMTs) that, for the first
time, have been fabricated on a free-standing c-plane
AlN substrate. The MOCVD-grown structure consisted
of an undoped 600nm-thick Al0.24Ga0.76N channel layer
and an undoped 21nm-thick Al0.51Ga0.49N barrier layer. 
Compared to standard GaN-channel AlGaN/GaN

HEMTs on silicon substrate (with equal gate length and
width of 3μm and 515μm, respectively, and a 25nm-
thick Al0.25Ga0.75N barrier), this reduces the temperature
dependence of the drain current degradation up to
300ºC (by half), on-state resistance (by two thirds),
and threshold voltage (by two thirds), as well as
revealing an order of magnitude lower leakage current.
Although the absolute values of saturated drain current
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Figure 1. (a) Simulated band diagram of InN regrown source drain to a N-polar
GaN HEMT. The high ΔEc at the InN and GaN interface is a barrier to the flow of
electrons from the metal to the 2DEG. (b) Simulated band diagram of InGaN
graded from GaN to InN for source-drain regions of a N-polar GaN HEMT. 

China single-
handedly saved the
wireless equipment
industry in 2009 as
the country began
deployments for 3G
technology 



Conference report: CS MANTECH 2010  

semiconductorTODAY Compounds&AdvancedSilicon • Vol. 5 • Issue 5 • June/July 2010 www.semiconductor-today.com

74

(0.13A/mm) and transconductance (25mS/mm) at
25ºC are poorer than for the standard GaN-channel
HEMTs, the AlGaN-channel HEMT on AlN shows promise
for high-temperature electronics applications.  
Meanwhile, Umesh Mishra’s group at University of

California, Santa Barbara (UCSB) has obtained what is
claimed to be the lowest ever reported ohmic contact
resistances to a GaN two-dimensional electron gas
(2DEG): 27Ω-μm to an N-face GaN HEMT (compared
to about 200Ω-μm reported by most for the more
established Ga-face GaN HEMTs). 
Due to the reversal of polarization fields compared to

Ga-face AlGaN/GaN HEMTs, N-face HEMTs offer advan-
tages such as a natural back barrier for stronger elec-
tron confinement, ohmic contact to a lower-bandgap
barrier material (GaN, rather than AlGaN), and the
possibility of InN-channel HEMTs. Since the metal con-
tact to the 2DEG does not have a high-bandgap barrier
material (i.e. AlGaN) in between (see Figure 1), N-polar
HEMTs can offer drastic improvement in ohmic contact
resistance, which is vital for highly scaled submicron
HEMTs (especially if self-aligned) to reduce the drop in
the device's intrinsic transconductance (gm) in order to
obtain higher maximum current gain cutoff frequency
(fT) and power gain cutoff frequency (fmax). 
In 2007, Mishra’s group obtained an ohmic contact

resistance of 160Ω-mm to the N-face GaN 2DEG by
using an n+ GaN cap layer for the source and drain
contacts. In contrast, InN would theoretically provide
the ideal ohmic contact to the metal (with a minimal
energy barrier) since InN’s conduction band is pinned
below the surface Fermi level, resulting in a surface
electron accumulation layer. However, due to the large
conduction-band energy difference between InN and
the GaN 2DEG (presenting an energy barrier to the
flow of electrons from the metal to the 2DEG), a thin
graded layer is needed inbetween them. For N-face
GaN, linearly graded InGaN (from GaN to InxGa1–xN)
induces a 3DEG (three-dimensional electron gas) due
to polarization-induced charges. Thus an ohmic con-
tact through a surface accumulated electron layer at

the InN and a 3DEG due to a
graded InGaN layer should be a
least-resistance path for the flow
of electrons from the ideal InN
cap to the GaN 2DEG. 
Mishra’s group has hence com-

bined a gate-first process
(adapted from self-aligned
InGaAs MOSFET technology) to
yield a self-aligned HEMT, and
the regrowth by plasma MBE of a
40nm-thick Si-doped graded
InGaN layer capped with a thin
10nm layer of InN for the 
source-drain ohmic contact

regions in order to obtain ultra-low ohmic contact
resistances to the 2DEG of the N-polar GaN HEMT. 
The figure of 27Ω-μm was achieved with InGaN graded
from 0% to 64% indium. The reduction in contact
resistance leads to an improvement in fT (with an 
fT x Lg product of 17GHz-μm reported at last December’s
IEDM conference), but detailed large- and small-signal
characterization is currently underway. The gate length
of the device was 1μm, but the researchers believe
that this can be scaled further. 
Mishra’s group also reported the use of N-face 

GaN-based metal-insulator-semiconductor HEMTs
(MIS-HEMTs) to achieve 4GHz RF operation with record
cw output power density and power-added efficiency of
more than 8W/mm and 70%, respectively (Figure 2).
For 10GHz operation, cw output power density was
4.2W/mm and power-added efficiency was 49%. 

Shifting GaN into enhancement mode 
In the ‘GaN Device Manufacturing’ session, Hong Kong
University of Science and Technology (HKUST) reported
the use of standard fluorine ion implantation to shift
the threshold voltage of an AlGaN/GaN HEMT from
–1.9V to +0.6V, converting it from depletion-mode 
to enhancement-mode operation (see Figure 3). 
Compared to conventional D-mode HEMTs with negative
threshold voltages, E-mode (or normally-off) HEMTs
are desirable for reduced circuit design complexity and
fail-safe operation. 
Methods for fabricating an E-mode AlGaN/GaN HEMT

include recessed-gate, fluoride plasma treatment, and
p-type AlGaN cap or InGaN cap. In particular, fluorine
plasma treatment enables the channel threshold voltage
modulation to be self-aligned to the gate electrode.
However, there is no standard equipment for this
process and various groups have reported a wide
range of process parameters. In contrast, HKUST’s
process used standard ion implantation equipment (a
Varian CF3000), together with a commercially available
Al0.26Ga0.74N/GaN HEMT wafer grown by MOCVD on a
4-inch silicon substrate. 

Figure 2. Large-signal performance of dual-AlN back-barrier HEMT at 4GHz
with a drain bias of (left) 20V and (right) 28V. A PAE of 71% was achieved. 
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An 80nm-thick layer of silicon nitride (Si3N4)
deposited by PECVD on the AlGaN — and with gate
windows defined by photolithography — acts as an
energy-absorbing layer to slow down the high-energy
(~25keV) negatively charged fluorine ions so that
most are incorporated in the AlGaN barrier layer (with
just a small proportion penetrating into the channel
and buffer layer), before annealing at 400ºC. 
Compared to D-mode HEMTs fabricated on the same

wafer (i.e. without exposure to the fluorine ion implan-
tation), the E-mode HEMTs showed peak transconduc-
tance (gm) reduced from 200mS/mm to 115mS/mm
(due to channel electron mobility degradation from the
ion bombardment), fT reduced slightly from 8.5GHz to
7.1GHz, and fmax from 29.7 to 22.3GHz. Nevertheless,
the fabrication process allows the monolithic integration
of E/D-mode HEMTs for high-performance digital/analog
integrated circuits, say the researchers. 
In the session on ‘Emerging GaN-based barrier struc-

tures’, researchers from the Air Force Research Labora-
tory at Wright-Patterson Air Force Base and Wyle Labs
in Dayton, OH reported record Ka-band power of
5.8W/mm with power-added efficiency of 43.6% for a
160nm-gate-length InAlN/GaN HEMT (see Figure 4).
This is based on material with barrier layers 9.8nm
thick, supplied by a commercial epitaxial foundry on
silicon carbide substrate, designed for scaling devices
for millimeter-wave power applications up to W-band
and beyond. AFRL has also processed 122nm-gate-length
devices with a measured extrinsic fT of 107GHz. 
In addition, the same material has been used by MIT

to fabricate devices that have demonstrated record
peak transconductance of 675mS/mm and drain current
of 2.36mA/mm (reported previously at the 36th 
International Symposium on Compound Semiconductors
(ISCS 2009) in Santa Barbara, CA last September. 

First penta-composite channel
InAlAs/InGaAs mHEMT 
In the ‘Device technology’ session, the Indian Institute
of Technology and Taiwan’s National Chiao Tung 
University reported the first penta-composite channel
InAlAs/InGaAs metamorphic high-electron-mobility
transistor (mHEMT), with a 0.25μm gate and 1μm
source-to-drain spacing. 
MBE growth on a high (2eV) bandgap InAlAs Schottky

layer of five InGaAs channel layers totalling 140Å in
thickness allows 78% indium fraction in the middle
100Å-thick In0.78Ga0.22As channel, boosting electron
mobility at low electric field. This boosts drain current
(ID) to 1029mA/mm (compared to 760mA/mm for a
tri-channel 53/67/53%-In mHEMT and just
525mA/mm for a tri-channel 22/35/22%-In
AlGaAs/InGaAs pHEMT) and transconductance (gm) 
to 648mS/mm (compared to 640mS/mm for the tri-
channel 53/67/53%-In mHEMT and just 440mS/mm
for the tri-channel 22/35/22%-In AlGaAs/InGaAs
pHEMT). 
In addition, the device shows high drain resistance

(less fluctuation at high voltage and high linearity than
conventional pHEMTs and mHEMTs). Due to the effi-
cient device structure and device materials, the fmax is
250GHz and the fT is 125GHz (suiting W-band power
amplifier applications) despite the large gate length of
0.25μm, which allows lower process costs (enabling
low-cost wireless/space communications). 
While MANTECH increasingly covers developing 

technologies such as nitrides, core GaAs technology
still offers scope for much progress, as no doubt will be
demonstrated at next year’s CS MANTECH event, to be
held on 16–19 May 2011 in Palm Springs, CA, USA
(again co-located with the ROCS Workshop). ■ 

www.csmantech.org

Figure 4. Ka-band load-pull results: 5.8W/mm,
43.6% PAE at Vds=20V with gain of 6.6dB. 

Figure 3. Transfer characteristics of D-mode HEMTs
and E-mode HEMTs with a gate length of 1μm. 



The effects of varying
the structure of gate
electrodes in nitride

semiconductor high-
electron-mobility transistors
(HEMTs) has been reported
by researchers from the
Institute of Microelectronics
at the Chinese Academy of
Sciences (CAS), Beijing
[Wang Dongfang et al, 
J. Semicond., vol31,
p054003, 2010]. 
HEMTs using aluminum

gallium nitride (AlGaN) and
gallium nitride (GaN) mat-
erial layers are being widely
developed for high-speed
and high-power operation such as wireless network
base-station radio signal transmission power amplifica-
tion and for power switching applications such as for
hybrid electric vehicles. 
Although production technology outside China has

enabled great progress, with devices operating at 
Ka-band (26.5–40GHz) and even W-band (75–110GHz)
microwave frequencies with powers of up to 10.5W/mm
at 40GHz, local technology is challenged in producing
gate lengths below 0.25μm, meaning that the X-band
(8–12GHz) is generally the limit for devices developed
in the country. In addition to the engineering problem
of producing shorter gate lengths, there are possible
short-channel effects to concern developers, such as
threshold voltage shifts, soft pinch-off, high sub-
threshold currents, and thus increased off-currents.
The CAS researchers hope that, by focusing on the

gate, they can squeeze better performance from their
resources. In particular, they looked at T-gate structures,
including Γ-structures (Figure 1). Such structures are
widely used to reduce the gate resistance due to its
greater cross section. Another factor is that the arm of
the ‘T’ on the drain side serves as a field plate, the
effect of which can be to increase the breakdown 
voltage of the device. Along with the positive effects 
of T-gates come the negative effects of parasitic capac-
itance that can impact high-frequency performance.
Hence, as is often the case, there needs to be a 
complex balancing act between intended improvements
and unintended deleterious consequences.

The nitride semiconductor wafers for the HEMTs were
supplied by the Academy’s Institute of Semiconductors.
The layers (Al0.25Ga0.75N/AlN/GaN) were grown using
MOCVD on a sapphire substrate. The resulting wafer
had a sheet resistance of 370Ω/square. The ohmic
contacts were titanium-aluminum-nickel-gold
(Ti/Al/Ni/Au) and the Schottky gate was Ni/Au. 
A silicon nitride passivation layer was deposited between
the source/drain contact evaporation process and the
final gate-forming process involving electron-beam
lithography, dry-etch and evaporation. The actual gate
length was measured at 0.35μm and the source–drain
distance was 4μm. The gate width was 75μm.
The resulting devices were separated into five compar-

ison groups (Table 1). Each type was represented by no
less than five examples. The groups were designed to
reveal the effects of varying just one parameter. A series
of DC and RF measurements were made on the devices.

China looks to boost frequencies and power handling for larger gate length. 

Group Ld (μm) Ls (μm) Lgs (μm)

No. 1 0.2–1 0.2 1
No. 2 0.2 0.2–0.7 1
No. 3 0.2 0.7 1

0.45 0.45 1
0.7 0.2 1

No. 4 0.2 0.2 0.7–1.5
No. 5 0.2 or 0.7 0.2 2.3

Table 1. Five comparison groups of HEMTs.
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Figure 1. Schematic of AlGaN/GaN HEMT structure studied.

Getting nitride HEMT gates in shape
for optimum performance



The researchers came to
a number of conclusions
concerning optimized
gate structures for gate
lengths greater than
0.25μm. 
First, reduced field-plate

lengths can enhance
both the current gain
cutoff frequency (fT) and
maximum oscillation 
frequency (fmax). However,
a reduced field-plate also
increases gate resist-
ance, a factor that hits
fmax. This resistance
could be reduced by
using an increased metal
thickness for the gate.
Reducing the T-arm on
the drain side (Ld) has
more effect on the 
frequency performance,
compared with that on
the source-side (Ls).
Hence, one approach
could be to increase Ls to reduce the gate resistance,
while shortening Ld to improve frequency performance,
producing what the researchers call a τ-shaped gate
(Figure 2).
The other factor determining breakdown voltage is

the position of the gate between the source and drain.
The gate should be as close to the source electrode as
possible, increasing the distance between the gate and

drain, and hence reducing the electric field in that
region, improving breakdown performance. It is also
found that moving the gate towards the source
increases the maximum drain current.
The project was supported by China’s National 

Science Foundation. ■  

http://dx.doi.org/10.1088/1674-4926/31/5/054003
Author: Mike Cooke 
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Figure 2. Frequency cut-off (fT), maximum oscillation (fmax) and maximum available gain
(MAG) at 30GHz for devices with different gate-head locations (gate shapes). The τ-shaped
gate structure where the source-side arm is longer than the drain-side arm is favored. 



For the past few years, researchers have been
developing III-V materials with the hope of
enabling continued reduction in size and increase

in complexity of electronic logic circuits. Currently,
such circuits are built using silicon (Si) complementary
metal-oxide semiconductor (CMOS) field-effect transis-
tors (FETs). These circuits use pairs of nMOS and pMOS
FETs that have channels that conduct using negative
(electrons) and positive (holes) charge carriers,
respectively. 
As device sizes get smaller (presently a few tens of

nanometers) a number of ‘short-channel effects’ 
compromise the expected performance gains, such as
lower power consumption and higher speeds. A number
of technological tricks are being used to extend silicon’s
reach, such as strained channels to enhance mobility,
silicon-on-insulator substrates to reduce parasitic
capacitance, metal gates and high-k insulators to
reduce the effective oxide thickness between the gate
and inversion layer, increasing control of the channel
current, etc. In future, more radical departures may be
needed, such as wrap-around gates.
Researchers are attracted to the high mobility of

other semiconductor materials compared with silicon
— giving a low on-resistance for the channel. The 
leading contender for the pMOS side is silicon’s 
periodic table group IV
relative, germanium.
For the nMOS compo-
nent there are a 
number of contenders
from the III-V range of
compound semicon-
ductors (Table 1). 
Experienced develop-

ers of commercial 
silicon semiconductor
technology know that
replacing one material
by another in an 
electronic component is

not a simple matter. There is a whole range of knock-
on effects that can destroy the positive features of the
new component.
For both germanium and III-V devices much work 

has been and needs to be done to accomplish a cost-
effective mass-production process of such devices 
with suitable characteristics. Progress has been made
in terms of depositing III-V/Ge channels on Si wafers
(enabling the use of large, low-cost substrates), 
gate stacks (metal electrode and insulation), reducing
the off-current, etc. Further work is needed in these
areas and in making small, low-resistivity source–drain 
contacts and integrating the resulting transistors into
CMOS circuitry. 
Although the International Technology Roadmap for

Semiconductors [2] since 2007 has preferred to avoid
references to ‘technology nodes’, many have seen 
the possible introduction of III-V MOSFETs coming with
the ‘22nm node’ (in about 2015). However, some
researchers are now talking of the ‘10nm node’ 
(after 2020?). This is presumably an indication of the
early hopes for III-V channels having met with some
obstacles in their path. However, there are also 
political considerations of the competition for research
money both within and between institutions and 
companies. 
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A number of contributions at this year’s VLSI Technology Symposium in Hawaii
(15-18 June) discussed the present state of III-V and germanium MOSFETs as
possible future logic devices. Mike Cooke reports. 

Hopes and fears for
high-mobility logic

Si Ge GaAs InP InAs InSb

Electron mobility (cm2/V-s) 1600 3900 9200 5400 40000 77000

Electron efficiency mass (m0)
mt: 0.19 mt: 0.082 

0.067 0.082 0.023 0.014ml: 0. 916 ml: 1.467
Hole mobility (cm2/V-s) 430 1900 400 200 500 850
Heavy-hole effective mass (m0) 0.49 0.28 0.45 0.45 0.57 0.44
Light-hole effective mass (m0) 0.16 0.044 0.082 0.12 0.35 0.016
Bandgap (eV) 1.12 0.66 1.42 1.34 0.36 0.17
Permittivity 11.8 16 12 12.6 14.8 17

Table 1. Some parameters for Ge/III-V as high-mobility/low-effective-mass
materials. Germanium’s light hole makes it attractive for the p-MOS part of
CMOS. III-Vs are similarly attractive for n-MOS. 



Ge/III-V on insulator 
The University of Tokyo’s professor
Shinichi Takagi and associate 
professor Mitsuru Takenaka have
been researching with their 
colleagues various ways to create
III-V/Ge CMOS devices on silicon
[3]. These scientists see a need for
new channel materials for sub-
10nm devices for high -drive-cur-
rent and low-supply-voltage
performance. Various approaches
have been proposed (Figure 1.). 
The Tokyo group has particularly

focused on creating semiconductor-
on-insulator structures to improve
transistor performance. Ge-on-
insulator devices have been devel-
oped using condensation techniques
(Figure 2). This resulted in devices
(reported at IEDM 2008) with high
on–off current ratios (104–105) and a
record peak mobility of 575cm2/V-s,
a 2.7x improvement over silicon
pMOSFETs. 
For the gate stack, Tokyo devel-

oped germanium dioxide insulation
with interface trap densities (Dit)
of less than 1011/cm2-eV. In 2009,
Tokyo reported much improved
performance for Ge nMOSFETs
(on–off ratio of about 105 and
mobility 1020cm2/V-s ~1.4x silicon)
raising the possibility of Ge CMOS.
Previously, Ge nMOSFETs had suf-
fered from high Dit in the gate stack
and poor source–drain contacts. 
The Tokyo research suggests that

there may be some advantage in
using (110)-oriented crystalline
material for both pMOS and nMOS,
rather than the usual (100) orienta-
tion of standard silicon wafers. Different crystal
orientations can be achieved on one silicon wafer
through the wafer bonding technique used to cre-
ate the starting silicon-on-insulator (SOI) wafer. 
Along with the usual metal-organic chemical

vapor deposition (MOCVD) of III-V channel 
material, Tokyo has also developed wafer bonding
techniques similar to those widely used for SOI to
create III-V-on-insulator structures (Figure 3).
Again, different crystal orientations can be useful:
with (100) orientation a 1.9x mobility enhance-
ment over silicon is found, but with (111) surfaces
the boost is 2.3x in the high-effective-electric-
field region. 
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Figure 1. Possible evolution of high mobility channel CMOS. 

Figure 2. Tokyo (100)/(110) GOI fabricated by Ge condensation. 

Figure 3. Tokyo fabrication of InGaAs-on-insulator. 
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The source–drain contacts can be improved by using
metal gold–germanium without using implantation.
Dopant implantation for source–drain contacts needs
high-temperature anneal processes to activate the
doping. However, thermal processing can adversely
affect the existing III-V layers. 
The Tokyo group, including Takagi and Takenaka, also

reported on recent research to create III-Vs-on-insulator,
using buried aluminum oxide layers (BOX), carried out
with researchers from Japan’s National Institute of
Advanced Industrial Science and Technology (AIST)
and Sumitomo Chemical [4]. Financial support for this
work came from Japan’s New Energy and Industrial
Technology Development Organization (NEDO). 
Although the group reported on direct wafer bonding

(DWB) of III-Vs on silicon dioxide on silicon last year,
this arrangement suffers from mobility reduction for
aggressively scaled, ultra-thin-body structures. Also, the
InGaAs–SiO2 interface is not ideal. The Al2O3–InGaAs
interface is much more compatible, particularly with
sulfur passivation. The researchers have achieved
interfaces that are much smoother and more abrupt
than for InGaAs–SiO2. 
In the latest research, InGaAs layers were grown on

InP wafers using MOCVD and then an Al2O3 layer using
atomic layer deposition (ALD). The surface is then
flipped onto a silicon wafer and the Al2O3/InGaAs layer
separated for the top InP to form an InGaAs-on-insulator
structure (Figure 4). 

The researchers have experimented with two bonding
techniques: surface activated bonding (SAB) and 
direct wafer bonding (DWB). SAB involves irradiation
with an argon beam and bonding in vacuum. DWB
uses a low-temperature anneal to achieve its bond. 
For the work described at VLSI, SAB was used, but the
University of Tokyo’s professor Shinichi Takagi reports
that his group has recently succeeded in making work-
ing devices that use InGaAs-OI fabricated by DWB. 
The researchers created both back-gate (Figure 5) and

front-gate (Figure 6) MOSFETs using their SAB material.
The back-gate device was operated in accumulation
mode, where the charge carriers have opposite sign to
the usual inversion-mode operation. Devices with and
without sulfur passivation were compared with devices
using SiO2 BOX layers. The effect of the passivation is
to improve the transistor performance and to shift the
threshold voltage in a negative direction. With sulfur
passivation, the effective mobility is maintained at a
higher level at reduced channel layer thicknesses 
(Figure 7). 
The shift in threshold voltage could be seen as a

problem, since it would tend to shift devices away from
the normally-off operation (enhancement mode)
desired for low-power-consuming logic circuits.
“We have confirmed operation under both depletion

and enhancement modes for i-type and p-type InGaAs
layers, respectively,” Takagi comments. “There are
many ways to control Vth and, thus, the present nega-
tive shift due to S passivation does not matter, I think,”
he adds. “Although we do not fully understand the
physical mechanism of S passivation, a decrease in
trap density after the S passivation, seen as this 
negative Vth shift, might be one reason for the mobility
enhancement.” 

Figure 4. Tokyo InGaAs/Al2O3 layer bonded to silicon;
comparison (bottom) with InGaAs/SiO2 layer bond. 

Figure 6. Tokyo InGaAs/Al2O3 MOSFET with front gate. 

Figure 5. Tokyo InGaAs/Al2O3 MOSFET with back gate. 
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The back-gate configuration is a low-temperature
process. Commercial devices, however, require front
gates and hence there is a concern that the carefully
constructed layers will be degraded in the high-tem-
perature treatments used in subsequent processing,
such as the 600ºC activation of ion implants (e.g. in
the source–drain regions), needed for a front-gate
configuration (Figure 6). The 1μm gate-length devices
produced had an on–off current ratio of 104. The effec-
tive mobility enhancement was up to 4.6x for intrinsic
InGaAs- and 3x for pInGaAs-on-insulator nMOSFETs. 

III-V difficulties 
STMicroelectronics’ Thomas Skotnicki and Frederic Boeuf
are not as sanguine as many on the prospects for III-V
channels [5]. These researchers see particular difficulties
arising from negative impacts of scaling on drain-induced
barrier lowering (DIBL), the sub-threshold slope (SS),
and gate capacitance. Their analysis suggests that the
gain in performance from using III-V channels will be
much smaller than the expected 2x, and may even be
negative (Figures 8–9).
Their assessment was

carried out using the ST-
developed MASTAR model
[6]. The modeling work
included the positive
effects of higher mobility
and saturation velocity in
III-Vs, and the negative
effects of a lower density
of states and larger
dielectric constant (~25%
larger than for silicon). 
Skotnicki and Boeuf

considered the factors
separately and in combi-
nation. The effect of
enhanced mobility dimin-
ishes in smaller gate-
length devices — in 22nm
gate-length devices an
8x improvement in
mobility over silicon pro-
vides only a 40% gain in
performance. However,
the higher saturation
velocity of III-Vs encour-
ages the channel current
to become ‘quasi-ballistic’
— i.e. there are fewer
scattering events in the
flow of charge carriers
(electrons) between the
source and drain, reduc-
ing the on-resistance. 

Figure 8. ST assessment of cumulative impact of the constructive and destructive
effects that come into play when passing from an unstrained Si channel (ref.) to
strained Si (SSi) and next to a III-V channel (here represented by a set of parameters
roughly corresponding to InGaAs) for devices with target off current of 10nA/μm. 

Figure 9. ST analysis for higher target off-current of 2μA/μm. 

Figure 7. Tokyo comparison of effective mobility
versus channel thickness for Al2O3 and SiO2 with a
BOX thickness of about 11nm. 
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The ST researchers then moved on to the ‘destructive’
impact of the low density of states, in particular the
increase in effective distance in III-V materials between
the gate electrode and the center of the inversion layer
that is used to conduct current in the channel in the
on-state. This reduces the ability of the gate to control
current flow effectively. Skotnicki and Boeuf used 6.5Å
as a representative figure for the ‘dark space’ between
the inversion layer position in silicon and III-Vs. The
dark space adds to the equivalent oxide thickness,
reducing the gate’s capacitance and hence its effec-
tiveness in producing an inversion layer when needed.
The larger distance between the gate and the inversion

layer position increases the sub-threshold swing 
(S = dVgs/dlog10Isd), which means the ability to change
the source–drain current with a gate potential is
reduced — i.e. a larger threshold voltage is required to
ensure a given off-current, which then reduces the
possible on-current. Thus, the on–off current ratio is
reduced, making logic more difficult at low power or
high performance.
The S increase also increases drain-induced barrier

lowering (DIBL) — i.e. the reduction in threshold voltage
at higher drain voltages. The use of III-Vs with a 6.5Å
dark space could lead to an increase of DIBL by as
much as 116mV. A technology with an operating voltage
of 0.9V and a threshold of 0.4V, could slow down by as
much as 20% with an additional DIBL value of 50mV.
The larger dielectric constant in III-Vs only increases
these effects on S and DIBL.
Skotnicki and Boeuf believe that these results indicate

that while there may be some applications where III-V
channels might be useful, such as RF modules, in general
the device sizes that are needed in order to see benefits
are too large to be acceptable for the purpose of 
continued scaling of CMOS technology. 

III-V device benchmarking 
TSMC [7] has been working to create suitable classifica-
tions and benchmarks to compare the new III-V devices
with more traditional CMOS. It believes the Q-factor —
based on the first derivative (slope, gradient) of the
drain current versus gate potential through the peak
transconductance (gm) and subthreshold swing (S) — is
the most suitable metric for this, considering the widely
divergent maturity levels of the respective technologies

(see Figure 10). 
TSMC points out

that some of the
traditional CMOS
measures — such
as on- and off-cur-
rent comparisons,
subthreshold swing
and DIBL — are not
well suited to the

present stage of III-V MOSFET technology, since their
performance is dominated by interface trap densities.
Silicon MOSFET technology has been steadily develop-
ing for about half a century, while III-V-semiconductor
MOSFETs have generally seemed impractical for most
of that period. Now that attention has turned in this
direction, it may be hoped that, with more work, the
numbers of traps could be significantly reduced in III-V
transistor structures. 
Also, traditional MOSFET structures may not be the

most suitable for III-V implementations. For example,
such transistors have struggled to create sufficient
activation of donor implants to create conducting
regions in the source–drain regions. A further problem
has been to reduce the off-state drain current leakage.
This has led a number of groups to consider devices
more suited to III-V materials, such as the 
quantum-well FET (QWFET), based on conventional
high-electron-mobility transistor (HEMT) technologies,
but using a gate insulator rather than a Schottky barrier
to reduce gate leakage. While the best on-resistance
so far for III-V MOSFETs is about 1100Ω-μm, QWFETs
can achieve 500Ω-μm.
The TSMC researchers have used the Q-factor measure

(gm/S) to assess the various technologies presently on
offer (Figure 11). InAs pseudomorphic HEMTs
(pHEMTs) gave the highest value of 27. Early InGaAs
MOSFETs gave values of less than 1 (0.65), but recent
InGaAs recessed-gate QWFETs have pushed this up to
the 15–19 range. More traditional InGaAs MOSFETs
have also improved to the 5–6 range. The researchers
also report that silicon technologies have recently been
reported (IEDM 2009) with Q-factors of 24 (not plotted
in Figure 11). 

Self-aligned III-V MOSFET contacts
Researchers from the National University of Singapore
(NUS), TSMC, Taiwan National Nano Device Laboratory
and Taiwan National Chiao-Tung University reported
the first demonstration of III-V nMOSFETs with self-
aligned contacts formed using a technique compatible
with CMOS processing (Figure 12) [8]. 
Up to now, work on III-V MOSFETs has largely been

carried out with micron-sized contacts. In order for 
III-V MOSFETs to be useful at small device scales less
than 22nm, these contacts will need to be reduced by

Figure 10. III-V MOSFETs (a) resembling standard silicon design, and QWFET with 
(b) recessed gate, (c) virtual extensions, and (d) re-grown extensions. 

(a) (b) (c) (d)
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orders of magnitude in a mass-production process.
The Singapore/Taiwan process is similar to the salicide

(self-aligned silicide) contact formation step used in main-
stream CMOS semiconductor production: a germanium-
silicon (GeSi) layer is formed on the gallium arsenide
(GaAs) source–drain regions; then nickel is deposited
and rapid thermal annealed (RTA, 250ºC, 30sec) so
that it reacts with the GeSi; the unreacted nickel is
removed in a selective process. A second anneal (RTA,
500ºC, 60sec) is used to diffuse Ge and Si atoms into
the GaAs contact regions, creating heavy n+-doping.
Before the contact process is performed, the gate stack

of the devices was formed using hafnium-aluminum
oxide insulator with a tantalum nitride gate metal.
Also, the source–drain regions were doped with silicon
using ion implantation and an activation anneal at 850ºC.
The GeSi was deposited using an epitaxial process with
in-situ cleaning and surface
treatment that selected
GaAs rather than the 
silicon dioxide hard mask
and the silicon oxynitride
spacer protecting the gate.
The resulting GeSi material
was crystalline. 
The researchers also cre-

ated structures on p-GaAs
substrates to measure the
contact resistance of the
NiGeSi material using the
transmission-line method
(TLM). A value of
5.7x10–4Ω/cm2 was obtained.
The researchers believe

that further reductions in this value are possible. 
They produced 33 MOSFETs with gate lengths of

0.2–1μm (200–1000nm). Gate widths were 100μm. Sub-
threshold swings were 200–350mV/decade (at a drain
voltage of 0.1V). As the gate length shrank to 0.2μm,
threshold voltage reduced from 1.6V to just over 1.3V. 
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Figure 11. TSMC gm versus S benchmarking plot:
closed symbols — MOSFETs; open symbols — pHEMTs
(Schottky gate). 

Figure 12. (a) Key process steps for first technology
demonstration of Singapore/Taiwan III-V MOSFET
self-aligned contact. (b) Epitaxy process for forming
thin continuous GeSi layer on GaAs S/D regions,
followed by (c) Ni deposition and two-step anneal
process to form NiGeSi ohmic contact on GaAs. 

Figure 13. (a) Transmission electron micrograph (TEM) of Singapore/Taiwan III-
V MOSFET with self-aligned contacts. (b) Zoomed-in view of NiGeSi formed on Si
implanted and annealed n+ GaAs S/D regions. A silane ammonia (SiH4+NH3)
passivation was used to form high-quality gate dielectric interface on GaAs.

(a) (b)



At the Conference on Lasers and Electro-Optics
and the Quantum Electronics and Laser Science
Conference (CLEO/QELC 2010) in San Jose, CA,

USA (16–21 May), Japan’s Fujitsu Ltd, Fujitsu Labora-
tories Ltd and the University of Tokyo presented what
is claimed to be the first 25Gb/s high-speed data
transmission using a quantum dot laser (which is
expected to be the next generation of semiconductor
laser capable of handling high-speed data transmis-
sions while consuming minimal power). 
QD lasers use quantum dots as the active lasing 

material. As increasing the number of quantum dots 
is known to improve the operating speed, layers of
quantum dots with a higher density than normal were
stacked, doubling the laser’s operating speed and
enabling a significant improvement over previous 
technologies. The technology is expected to be used in
optical sources for next-generation high-speed data
communications aiming to boost transmission speed
tenfold to 100Gb/s.
Fujitsu and Fujitsu Laboratories have developed QD

lasers in an industrial–academic collaboration with 
the laboratory of professor Yasuhiko Arakawa at the
University of Tokyo. Advantages over other types of
semiconductor laser include being less sensitive to 
temperature fluctuations, while offering lower power
consumption, greater transmission distances, and faster
speeds. There is hence much expectation that QD
lasers will become core technology for developing
high-performance optical sources in the future, to
accommodate the rise in optical communications 
data traffic.
In accordance with the growth of broadband Internet

bandwidths attributable to emerging services, such as
cloud computing services and high-definition video
download services, there has been rapid increase in
such network traffic, says Fujitsu. To keep pace with
data transmission volumes that continue to grow
larger each year, optical networks need to run faster
and be expanded to handle higher volumes of data. 
Currently, 10Gb/s transmissions are the mainstream

for data transmission. But, in view of transmission

speeds rising continually, 100 Gigbit Ethernet (100GbE)
— with data transmission speeds ten times as fast as
currently available — is being promoted by the Institute
of Electrical and Electronic Engineers (IEEE) as an inter-
national standard for next-generation high-speed data-
coms. Accordingly, there is a need for laser light sources
that can handle such next-generation high-speed data
transmissions, while consuming only low power.
Quantum well lasers, conventionally used as optical

sources for datacoms, have a problem of dramatic
increases in power consumption due to increased 
driving current when temperatures rise. The QD laser
developed by Fujitsu Laboratories and the University 
of Tokyo uses three-dimensional (3D) semiconductor
nanostructures to produce quantum effects, giving it
characteristics including stable operation over a range
of temperatures as well as low power consumption.
However, the QD laser had been limited to data transfer
speeds up to 10Gb/s.
To increase the speed, it was necessary to increase

the laser’s optical gain, which in turn required an
increase in the number of underlying quantum dots.
New quantum dot fabrication technology was therefore
developed and applied, resulting in a QD laser capable
of operations at 25Gb/s.
The quantum dots are fabricated using molecular

beam epitaxy to embed indium (In) and arsenide (As)
in gallium arsenide. Because the atomic distance in
indium arsenide (InAs) is greater than in GaAs, strain is
induced in the InAs crystallized on the GaAs substrate.
The strain energy can be relaxed by forming 3D crystals,
in which each 3D nanocrystal functions as a single
quantum dot.
By optimizing the growth conditions in which the 3D

crystals are formed, the in-plane area density of the
InAs quantum dots (the number of quantum dots per
unit area) formed on the surface of the GaAs substrate
has been doubled to 6 x 1010 per cm2. 
Secondly, technology was developed that allows 

eight layers of quantum dots (up from five previously)
to be stacked while preserving the same high-density
in-plane (see Figure).

Increase in density of quantum dots and number of layers enables
step towards 100 Gigabit Ethernet. 
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Fujitsu and University of Tokyo
claim first 25Gb/s data
transmission using QD laser 
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Using these fabrication techniques therefore enabled
an increase in the total number of quantum dots in the
active layer, increasing the optical gain. This hence
allowed a QD laser to be tested operating at 25Gb/s
modulation speed for the first time, Fujitsu claims.
The new technology makes it possible for temperature-

stable, low-power-consumption QD lasers to be used
for next-generation high-speed communications 
applications such as 100GbE, the firm reckons. It also
obviates the need for expensive packages with embed-
ded temperature controllers, helping to lower costs.
The new technology represents a step towards imple-

menting QD lasers as an optical source for high-speed
communications, says Fujitsu. Fujitsu Laboratories and
the University of Tokyo plan to further refine the tech-

nology to increase the transmission distance and to
confirm reliability. Tokyo-based QD Laser Inc, which
was founded in 2006 with funding from Fujitsu Ltd and
Mitsui Ventures, is also considering commercializing
the technology.
Part of the research was performed under a project

contracted to the Photonics Electronics Technology
Research Association (PETRA) by the New Energy and
Industrial Technology Development Organization
(NEDO), while another part was carried out under
Japan’s Ministry of Education, Culture, Sports, Science
and Technology’s Special Coordination Funds for 
Promoting Science and Technology. ■ 

http://jp.fujitsu.com/labs/en 
www.u-tokyo.ac.jp/index_e.html 
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Quantum dot laser featuring an active layer containing high-density arrays of quantum dots.  



Researchers based in
Nagoya, Japan have
reported deep ultraviolet

(255–280nm) LEDs with external
quantum efficiencies (EQEs) of
up to 3% [Cyril Pernot et al,
Appl. Phys. Express, vol3,
p061004, 2010]. The output
power was up to 1mW at 10mA.
The researchers predict that an
EQE of 5% for UV-C (280–100nm)
single-chip LEDs is within reach. 
The researchers — from UV

Craftory Co Ltd, Meijo University,
EL-SEED Corp and Nagoya Uni-
versity — see applications in
replacing mercury lamps with
alternatives that are more com-
pact, efficient, safer (no mer-
cury) and versatile (with a
wavelength range between
360nm and 200nm, rather than
single wavelengths, determined
by mercury emission line spec-
trum, at 184nm, 254nm, 365nm...). 
Systems using DUV LEDs are being developed for

sterilization, water purification and surface disinfection.
Other applications include curing of materials such as
adhesives, spectrometry, medical therapies and cur-
rency validation.
The leading material system for LEDs in this wave-

length range is aluminum gallium nitride (AlGaN), with
energy bandgaps up to 6.2eV (wavelength down to
~200nm) for pure AlN. However, as the target wave-
length gets shorter, it becomes more difficult to pro-
duce high efficiency devices. In particular, for the
wavelength range below 280nm, external quantum
efficiencies have been less than 2% up to now.
One major restriction on UV LED development is the

p-type contact. The Al-content (if any) of the p-AlGaN
layer has to be kept small for reasonable activation
(already less than ideal in pure GaN) of the magne-
sium doping used. However, the AlGaN energy
bandgap at these low Al-contents is narrower than the
target wavelength and hence the p-contact is highly
absorbing of the UV emitted by the active region.
Developers of DUV devices are therefore forced to
extract light mainly in the opposite direction, through
the substrate. This is achieved through flip-chip pack-
aging arrangements.

Although the n-type doping achieved by silicon doping
can be carried out acceptably with higher Al-content
AlGaN, the material is more resistive, making heat gen-
eration a greater problem compared with longer wave-
length devices. Thermal management is therefore also
important in achieving acceptable device performance.
The  devices were grown using MOCVD with

trimethyl-metal and ammonia sources (Figure 1). The
Al-content of the AlGaN quantum wells controlled the
emission wavelength (40%, ~280nm; 57%, 255nm).
A p-AlGaN electron blocking layer (EBL) was used to
prevent electron overshoot into the p-type contact
region.
The LEDs consisted of 800 _m x 800_m mesas with

nickel alloy and gold bonding pads for the p-contact
and aluminum alloy and gold bonding pads for the 
n-contact. The chips were flipped onto thermally 
conductive AlN submounts. The mounted devices were
installed in TO5 transistor outline packages.
Pulsed (10Hz, 20% duty cycle) and continuous wave

(CW) operation were used to evaluate the devices. 
A 257nm device had a turn-on voltage of 5.5V and a
forward voltage of 6.3V at 20mA. At this injection 
current, the full-width half-maximum (FWHM) value of
the spectral peak was 10nm. The output power at
20mA was more than 2.8mW and the maximum EQE

External quantum efficiency of 5% for 255–280nm single-chip LEDs within reach. 
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Figure 1. Deep UV LED epi with moth-eye structure on sapphire substrate.

Deep UV LED efficiency reaches 3%



Technology focus: LEDs

www.semiconductor-today.com semiconductorTODAY Compounds&AdvancedSilicon • Vol. 5 • Issue 5 • June/July 2010

87

3% for all the devices stud-
ied (Figure 2). The peak
wall-plug efficiency is esti-
mated at 2.2%. Some
10mW output was achieved
at 66mA and 1mW at 8mA.
Self-heating effects tend

to degrade the LED 
performance in CW oper-
ation at high currents. For
the 257nm device, the 
output power was more
than 1mW at 10mA (CW)
without a heat-sink. 
“The improved n-AlGaN

quality allowed us to
achieve these results, which
are, to the best of our
knowledge, the best
reported to date for 
single-chip UV-C devices,”
comment the researchers.
The improved n-AlGaN was
achieved through deposit-
ing it on the thick AlN layer
that was grown at high
temperature on the initial
sapphire substrate.
The researchers also

looked at the effect of the
moth-eye structuring of the
sapphire substrate on light
extraction by producing
270nm devices both with
and without the patterning
(Figure 3) and a 1.5-fold
improvement was seen. 
The moth-eye structure is
created on the sapphire
wafer back-side (i.e. away
from the active nitride
semiconductor layers).
Such structures have been
used by the same research
group with blue LEDs on 
silicon carbide substrates to
boost light extraction.
The improvement for new

devices is lower than for blue
LEDs because the DUV light cannot undergo multiple
reflections in the p-contact region, the researchers
believe. The team wants to optimize the moth-eye
structure for DUV emission in future work.
The researchers also performed reliability studies — at

10mA (CW), the output power was maintained at more
than 75% of its initial value for 300 hours. This value is

expected to be lengthened by improving the heat man-
agement of the devices through package optimization. 
http://apex.ipap.jp/link?APEX/3/061004/
http://uvcr.jp/uvc/index.htm
The author Mike Cooke is a freelance technology 
journalist who has worked in the semiconductor and
advanced technology sectors since 1997.

Figure 2. Maximum EQE and output power at 20mA for 257, 268 and 280nm LEDs.

Figure 3. Histogram of light output power ratios for 270nm LEDs with and
without moth-eye structure. Inset: scanning electron micrograph (SEM) of moth-
eye structure fabricated on back-side of sapphire substrate.



Sensor Electronic Technology
(SET) of Columbia, SC, USA
has reported details of

their achievement of continuous-
wave (CW) 6mW and 30mW light
output power from single-chip
LEDs operating at wavelengths of
247nm and 273nm, respectively
[Max Shatalov et al, Appl. Phys.
Express, vol3, p062101, 2010].
In addition to the SET
researchers, two scientists from
the US Army Research Lab also
contributed to the work.
Potential applications for such

devices include defense/security,
bio-analysis, medical, chemical
sensors, and curing of materials.
The deep-ultraviolet (DUV) wavelengths (<300nm) are
particularly being developed for non-thermal disinfec-
tant/sterilization of water and other materials, and
decontamination of surfaces. Short-wavelength light
(~260nm) disrupts DNA structures, killing micro-
organisms. 
Recent work at SET to increase light output power (L)

has focused on creating larger-area chips. The company
uses MOCVD and SET’s own migration-enhanced
MOCVD (MEMOCVD) processes to create the diode 
layers on sapphire substrates. The final chips were
0.5mm2 or 1mm2 in area. 
The metallization was performed on 100mm mesas

(Figure 1) formed through reactive ion etch (RIE) 
processing. The aim was to create uniform current
spreading. The large chip sizes help in heat dissipation
from the junction. The n-contact consisted of
chromium/titanium/gold (Cr/Ti/Au) layers that were
annealed in nitrogen above 850°C. Linear transfer
length model measurements give a contact resistance
of 5x10–5Ω-cm2 on the Al0.6Ga0.4N layers used in the n-
contacts of the 273nm devices. This increased to
10–4Ω-cm2 for the Al0.8Ga0.2N layers of the 247nm LED.
The p-contact consisted of nickel/gold (Ni/Au)
annealed in air at 500°C. 
The devices were separated using laser scribing and

packaged into TO-3 cans with a customized copper

heatsink. Use of the larger-junction chips resulted in a
significant reduction of forward voltages (6.5V at
700mA, with maximum CW light output power of
nearly 30mW with no special thermal management
measures, short pulsing of 1ms gave 65mW at 1.4A),
giving a differential resistance (Rd) of less than 1Ω.
Measurements of various chip sizes at a current of
20mA give a differential resistance that is inversely
proportional to the junction area between 0.035mm2

and 1mm2. The researchers comment that this indi-
cated that the dominant contributions to this resist-
ance come from the p–n junction and the p-contact.
The larger devices were limited in further reduction of
differential resistance to 10Ω at 20mA due to problems
with current spreading in the n-AlGaN layer. 
The emission spectrum of the 273nm device at 20mA

(Figure 2) has a full-width half-maximum (FWHM) of
10nm, with the secondary peak at ~420nm suppressed
by more than three orders of magnitude. This suggests
good confinement of injected carriers into the 
multi-quantum-well active region, rather than allowing
overshoots into regions where longer-wavelength
recombination takes place.
The external quantum efficiency (EQE) performance

at higher currents is also much improved for the
273nm device (Figure 2). The smaller devices peak at
about 1.3% EQE but fall off rapidly. For the larger

Large chip improvements
to deep-ultraviolet output
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Figure 1. Microscope image of DUV LED chips with junction area of 
(left) 0.5mm2 and (right) 1mm2.

Sensor Electronic Technology characterizes large-area 273nm and 247nm LEDs. 



Technology focus: LEDs

www.semiconductor-today.com semiconductorTODAY Compounds&AdvancedSilicon • Vol. 5 • Issue 5 • June/July 2010

89

device the EQE also peaks at about 1.3%
(wall-plug efficiency/WPE 1%) at a higher
current ~100mA, but falls off much more
slowly. The difference in performance is
blamed on joule heating in the smaller
device at high currents.
The reduced power at shorter wave-

lengths is largely attributed to the poorer
material quality of the high-Al-content
AlGaN layers needed to create higher-
energy photons. The operating voltage
also increases due to the higher resistance
of the contacts and AlGaN layers. Due to
higher concentrations of non-radiative
recombination centers, the current density
needed for the peak EQE in the 247nm
device was higher. To enable this higher
current density, the researchers used a
smaller 0.5mm2 area chip. 
Operation at a CW 200mA forward cur-

rent (10V) resulted in 5mW light output, 
corresponding to an EQE of 0.5% and 
WPE of 0.25%. The big reduction in WPE
is blamed on the joule losses associated
with the higher voltage drops across the
contact and barrier layers in these
devices. The researchers believe that new
doping approaches and contact fabrication
processes need to be investigated with a
view to reducing these losses in efficiency.
In terms of the spectral output, the

247nm devices were similar in perform-
ance to the 273nm LEDs, with an FWHM
of 10nm and a suppression factor of 500
for the secondary peak. 
The reliability of a 0.5mm2 273nm device

was also evaluated in quasi-CW operation
(400ms pulses with 10% duty cycle) at
400mA. Accelerated stressing at around
100°C was achieved by packaging the
device without a heat-sink. The initial 
output of 26mW increased to 31mW after
250 hours, and then returned to 26mW
after 1500 hours. The initial increase is
attributed to an annealing effect of the 
temperature on the p-type layers, increas-
ing hole injection into the active layers.
Using an extrapolation of the fall-off, the
researchers give a time to 50% power of almost 
5000 hours. 
The researchers have carried out research into the

degradation mechanisms for these devices [Craig G.
Moe et al, Appl. Phys. Lett., vol96, p213512, 2010],
finding that the electrical properties of the p-type 
layers change over time, reducing carrier injection and
hence output power.

Partial funding for the research came from US Army
Research Office contracts and Army Research Laboratory
Cooperative Research Agreements. ■
http://apex.ipap.jp/link?APEX/3/062101 
www.s-et.com 
The author Mike Cooke is a freelance technology 
journalist who has worked in the semiconductor and
advanced technology sectors since 1997.

Figure 2. (a) CW I–V and Rd–I characteristics of 1mm2 DUV LED
with 273nm emission. Inset: LED emission spectrum at 20mA CW.
(b) L–I and EQE–I characteristics of 0.035mm2 (open symbols)
and 1mm2 (closed symbols) DUV LEDs.
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1 Bulk crystal source
materials

Mining & Chemical Products Ltd 
1-4, Nielson Road, 
Finedon Road Industrial Estate, 
Wellingborough, 
Northants NN8 4PE, 
UK 
Tel: +44 1933 220626 
Fax: +44 1933 227814 
www.MCP-group.com

Umicore Indium Products 
50 Simms Avenue, 
Providence, RI 02902, 
USA 
Tel: +1 401 456 0800 
Fax: +1 401 421 2419 
www.thinfilmproducts.umicore.com 

United Mineral & Chemical Corp 
1100 Valley Brook Avenue, 
Lyndhurst, 
NJ 07071, 
USA 
Tel: +1 201 507 3300 
Fax: +1 201 507 1506 
www.umccorp.com 

2 Bulk crystal growth
equipment 

MR Semicon Inc 
PO Box 91687, 
Albuquerque, 
NM 87199-1687, 
USA 
Tel: +1 505 899 8183 
Fax: +1 505 899 8172 
www.mrsemicon.com

3 Substrates

AXT Inc 
4281 Technology Drive, 
Fremont, 
CA 94538, 
USA 
Tel: +1 510 438 4700
Fax: +1 510 683 5901
www.axt.com 
Supplies GaAs, InP, and Ge wafers
using VGF technology with
manufacturing facilities in Beijing
and five joint ventures in China
producing raw materials, including
Ga, As, Ge, pBN, B2O3.

Crystal IS Inc
70 Cohoes Avenue
Green Island, NY 12183, USA
Tel: +1 518 271 7375
Fax: +1 518 271 7394
www.crystal-is.com

The Fox Group Inc 
200 Voyageur Drive, 
Montreal, Quebec H9R 6A8, 
Canada 
Tel: +1 925 980 5645 
Fax: +1 514 630 0227 
www.thefoxgroupinc.com 

Epistone Comp-Semi Materials
Inc 
2371 Marion Ave., Fremont, 
CA 94539, USA
Tel: +86 755 28968489
Fax:+86 755 89724120
www.epistone.com

Freiberger Compound Materials 
Am Junger Loewe Schacht 5, 
Freiberg, 09599, 
Germany 
Tel: +49 3731 280 0 
Fax: +49 3731 280 106 
www.fcm-germany.com 

Index
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Kyma Technologies Inc 
8829 Midway West Road, 
Raleigh, NC, 
USA 
Tel: +1 919 789 8880 
Fax: +1 919 789 8881 
www.kymatech.com

Nikko Materials 
125 North Price Road, 
Chandler, AZ, 
USA 
Tel: +1 480 732 9857 
Fax: +1 480 899 0779 
www.nikkomaterials.com 

SiCrystal AG
Guenther-Scharowsky-Str. 1
D-91058 Erlangen, 
Germany
Tel: +49 (0) 9131 / 73 33 97
Fax: +49 (0) 9131 / 73 22 37
www.sicrystal.de

sp3 Diamond Technologies
2220 Martin Avenue, 
Santa Clara, CA 95050, 
USA 
Tel: +1 877 773 9940
Fax: +1 408 492 0633
www.sp3inc.com 

Sumitomo Electric
Semiconductor Materials Inc 
7230 NW Evergreen Parkway, 
Hillsboro, OR 97124, USA 
Tel: +1 503 693 3100 x207 
Fax: +1 503 693 8275 
www.sesmi.com 

TECDIA Inc 
(see section 16 for full contact details)

III/V-Reclaim
Wald 10, 
84568 Pleiskirchen, 
Germany 
Tel: +49 8728 911 093
Fax: +49 8728 911 156
www.35reclaim.de
III/V-Reclaim offers reclaim
(recycling) of GaAs and InP wafers,
removing all kinds of layers and
structures from customers’ wafers.
All formats and sizes can be
handled. The firm offers single-side
and double-side-polishing and
ready-to-use surface treatment.

Umicore Electro-Optic Materials
Watertorenstraat 33, 
B-2250 Olen, 
Belgium
Tel: +32-14 24 53 67
Fax: +32-14 24 58 00
www.substrates.umicore.com 

Wafer Technology Ltd
34 Maryland Road, Tongwell, 
Milton Keynes, Bucks, MK15 8HJ,
UK 
Tel: +44 (0)1908 210444
Fax: +44 (0)1908 210443
www.wafertech.co.uk
Wafer Technology Ltd 
is a UK-based producer 
of III-V materials and 
epitaxy-ready substrates offering
the widest product 
range in the business. 

4 Epiwafer foundry 

Spire Semiconductor LLC 
25 Sagamore Park Drive, 
Hudson, NH 03051, 
USA 
Tel: +1 603 595 8900 
Fax: +1 603 595 0975 
www.spirecorp.com 

Cambridge Chemical Company Ltd
Unit 5 Chesterton Mills, 
French’s Road, Cambridge CB4 3NP, 
UK
Tel: +44 (0)1223 352244
Fax: +44 (0)1223 352444
www.camchem.co.uk

The Fox Group Inc 
(see section 3 for full contact details)

Intelligent Epitaxy Technology Inc 
1250 E Collins Blvd, Richardson, 
TX 75081-2401, USA
Tel: +1 972 234 0068
Fax: +1 972 234 0069
www.intelliepi.com

IQE 
Cypress Drive, 
St Mellons, Cardiff
CF3 0EG, 
UK 
Tel: +44 29 2083 9400 
Fax: +44 29 2083 9401 
www.iqep.com 

IQE is a leading global supplier of
advanced epiwafers, with products
covering a diverse range of
applications within the wireless,
optoelectronic, photovoltaic and
electronic markets.

OMMIC 
2, Chemin du Moulin B.P. 11, 
Limeil-Brevannes, 94453, France 
Tel: +33 1 45 10 67 31 
Fax: +33 1 45 10 69 53 
www.ommic.fr 

Picogiga International S.A.S.
Place Marcel Rebuffat, Parc de
Villejust, 91971 Courtabouef, 
France 
Tel: +33 (0)1 69 31 61 30 
Fax: +33 (0)1 69 31 61 79
www.picogiga.com 

SemiSouth Laboratories Inc 
201 Research Boulevard, 
Starkville, MS 39759, USA 
Tel: +1 662 324 7607 
Fax: +1 662 324 7997 
www.semisouth.com 

5 Deposition
materials 

Akzo Nobel High Purity
Metalorganics 
525 West Van Buren Street, 
Chicago, IL 60607, USA 
Tel: +1 312 544 7371 
Fax: +1 312 544 7188 
www.akzonobel-hpmo.com 

Cambridge Chemical Company Ltd
Unit 5 Chesterton Mills, 
French’s Road, Cambridge CB4 3NP, 
UK
Tel: +44 (0)1223 352244
Fax: +44 (0)1223 352444
www.camchem.co.uk

Dow Electronic Materials 
60 Willow Street, 
North Andover, MA 01845, USA 
Tel: +1 978 557 1700 
Fax: +1 978 557 1701 
www.metalorganics.com 

Matheson Tri-Gas
6775 Central Avenue
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Newark, CA 94560, USA
Tel: +1 510 793 2559
Fax: +1 510 790 6241
www.mathesontrigas.com

Mining & Chemical Products Ltd 
(see section 1 for full contact details)

Power + Energy Inc 
(see section 8 for full contact details)

Praxair Electronics 
542 Route 303, 
Orangeburg, NY 10962, 
USA 
Tel: +1 845 398 8242 
Fax: +1 845 398 8304 
www.praxair.com/electronics 

SAFC Hitech
Power Road, Bromborough, Wirral,
Merseyside CH62 3QF, UK
Tel: +44 151 334 2774
Fax: +44 151 334 6422
www.safchitech.com

Williams Advanced Materials
2978 Main Street, 
Buffalo, NY 14214, USA
Tel: +1 716 837 1000
Fax: +1 716 833 2926
www.williams-adv.com

6 Deposition
equipment 

AIXTRON AG
Kaiserstrasse 98, 
52134 Herzogenrath, 
Germany 
Tel: +49 241 89 09 0 
Fax: +49 241 89 09 40 
www.aixtron.com 

AIXTRON is a leading provider of
deposition equipment to the
semiconductor industry. AIXTRON’s
technology solutions (MOCVD, ALD,
AVD®, CVD, OVPD) are used by a
diverse range of customers worldwide
to build advanced components for
electronic and optoelectronic
applications based on compound,
silicon, or organic semiconductors.
Several system configurations of
AIXTRON, Epigress, Genus or
Thomas Swan are available. 

EMF Semiconductor Systems Ltd
Mitchelstown, Co. Cork, 
Ireland
Tel: +353 (0) 2586324
Fax: +353 (0) 2586331
www.emfsemi.com

Oxford Instruments 
Plasma Technology 
North End, Yatton, 
Bristol, Avon BS49 4AP, 
UK 
Tel: +44 1934 837 000 
Fax: +44 1934 837 001 
www.oxford-instruments.co.uk 
We provide
flexible tools
and processes
for precise materials deposition,
etching and controlled nanostructure
growth. Core technologies include
plasma and ion-beam deposition
and etch and ALD. 

Riber 
31 rue Casimir Périer, BP 70083,
95873 Bezons Cedex, 
France 
Tel: +33 (0) 1 39 96 65 00
Fax: +33 (0) 1 39 47 45 62
www.riber.com 
Riber is a
leading
supplier of
MBE products and related services
for the compound semiconductor
industry. 

SVT Associates Inc
7620 Executive Drive, 
Eden Prairie, 
MN 55344, 
USA
Tel: +1 952 934 2100
Fax: +1 952 934 2737
www.svta.com

Temescal, 
a part of
Ferrotec 
4569-C Las
Positas Rd, 
Livermore, 
CA 94551,
USA 
Tel: +1 925 245 5817 
Fax: +1 925 449-4096
www.temescal.net 

Temescal, the expert in metallization
systems for the processing of
compound semiconductor-based
substrates, provides the finest
evaporation systems available.
Multi-layer coatings of materials
such as Ti, Pt, Au, Pd, Ag, NiCr, Al,
Cr, Cu, Mo, Nb, SiO2, with high
uniformity are guaranteed. Today the
world’s most sophisticated handsets,
optical, wireless and telecom
systems rely on millions of devices
that are made using Temescal
deposition systems and components. 

Veeco Instruments Inc 
100 Sunnyside Blvd., 
Woodbury, NY 11797, USA 
Tel: +1 516 677 0200 
Fax: +1 516 714 1231 
www.veeco.com 

Veeco is a world-leading supplier of
compound semiconductor equipment,
and the only company offering both
MOCVD and MBE solutions. With
complementary AFM technology and
the industry’s most advanced Process
Integration Center, Veeco tools help
grow and measure nanoscale devices
in worldwide LED/wireless, data
storage, semiconductor and scientific
research markets—offering important
choices, delivering ideal solutions.

7 Wafer processing
materials 

Air Products and Chemicals Inc 
7201 Hamilton Blvd., 
Allentown, PA 18195, USA 
Tel: +1 610 481 4911 
www.airproducts.com/compound 

MicroChem Corp
1254 Chestnut St. Newton, 
MA 02464, USA 
Tel: +1 617 965 5511
Fax: +1 617 965 5818
E-mail: sales@microchem.com
www.microchem.com 

Power + Energy Inc 
(see section 8 for full contact details)

Praxair Electronics 
(see section 5 for full contact details)
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8 Wafer processing
equipment 

EV Group
DI Erich Thallner Strasse 1, 
St. Florian/Inn, 4782, 
Austria 
Tel: +43 7712 5311 0 
Fax: +43 7712 5311 4600 
www.EVGroup.com
Technology and
market leader for
wafer processing
equipment. 
Worldwide industry standards for
aligned wafer bonding, resist
processing for the MEMS, nano and
semiconductor industry.

Logitech Ltd
Erskine Ferry Road, 
Old Kilpatrick, near Glasgow G60 5EU, 
Scotland, UK
Tel: +44 (0) 1389 875 444
Fax: +44 (0) 1389 879 042
www.logitech.uk.com

Oxford Instruments 
Plasma Technology 
(see section 6 for full contact details)

Power + Energy Inc 
(see section 8 for full contact details)

SAMCO International Inc 
532 Weddell Drive, Sunnyvale, CA, 
USA 
Tel: +1 408 734 0459 
Fax: +1 408 734 0961 
www.samcointl.com 

SPP Process Technology
Systems Ltd 
Imperial Park, Newport NP10 8UJ, 
Wales, UK 
Tel: +44 (0)1633 652400 
Fax: +44 (0)1633 652405 
www.spp-pts.com 

Synova SA
Ch. de la Dent d’Oche, 
1024 Ecublens, 
Switzerland
Tel: +41 21 694 35 00
Fax: +41 21 694 35 01
www.synova.ch
TECDIA Inc 
(see section 16 for full contact details)

Tegal Corp 
2201 S McDowell Boulevard, 
Petaluma, 
CA 94954, 
USA 
Tel: +1 707 763 5600 
www.tegal.com 

Veeco Instruments Inc 
(see section 6 for full contact details)

9 Materials & metals

Goodfellow Cambridge Ltd
Ermine Business Park, 
Huntingdon, 
Cambridgeshire 
PE29 6WR, 
UK
Tel: +44 (0) 1480 424800
Fax: +44 (0) 1480 424900
www.goodfellow.com

Goodfellow supplies small
quantities of metals and materials
for research, development,
prototyping and specialised
manufacturing operations.

TECDIA Inc 
(see section 16 for full contact details)

10 Gas and liquid
handling equipment 

Air Products and Chemicals Inc 
(see section 7 for full contact details)

Cambridge Fluid Systems
12 Trafalgar Way, Bar Hill, 
Cambridge CB3 8SQ, 
UK 
Tel: +44 (0)1954 786800 
Fax: +44 (0)1954 786818 
www.cambridge-fluid.com

CS CLEAN SYSTEMS AG
Fraunhoferstrasse 4, 
Ismaning, 85737, 
Germany 
Tel: +49 89 96 24 00 0 
Fax: +49 89 96 24 00 122 
www.cscleansystems.com

EMF Semiconductor Systems Ltd
(see section 6 for full contact details)

IEM Technologies Ltd
Fothergill House, Colley Lane, 
Bridgewater, Somerset TA6 5JJ, 
UK 
Tel: +44 (0)1278 420555 
Fax: +44 (0)1278 420666 
www.iemtec.com

Power + Energy Inc 
106 Railroad Drive, 
Ivyland,
PA 18974, 
USA
Tel: +1 215 942-4600
Fax: +1 215 942-9300
www.powerandenergy.com

SAES Pure Gas Inc 
4175 Santa Fe Road, 
San Luis Obispo, 
CA 93401, 
USA 
Tel: +1 805 541 9299 
Fax: +1 805 541 9399 
www.saesgetters.com 

11 Process monitoring
and control

EMF Semiconductor Systems Ltd
(see section 6 for full contact details)

k-Space Associates Inc 
3626 W. Liberty Rd., 
Ann Arbor, 
MI 48103, 
USA 
Tel: +1 734 668 4644 
Fax: +1 734 668 4663 
www.k-space.com 
k-Space Associates Inc specializes in
in-situ, real-time thin-film process
monitoring tools for MBE, MOCVD,
PVD, and thermal evaporation.
Applications and materials include
the research and production line
monitoring of compound
semiconductor-based electronic,
optoelectronic, and photovoltaic
devices.

LayTec GmbH 
Seesener Str.
10–13, 10709
Berlin, Germany 
Tel: +49 30 39 800 80 0 
Fax: +49 30 3180 8237 
www.laytec.de 
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LayTec develops and manufactures
optical in-situ and in-line metrology
systems for thin-film processes
with particular focus on compound
semiconductor and photovoltaic
applications. Its know-how is based
on optical techniques: reflectometry,
emissivity corrected pyrometry,
curvature measurements and
reflectance anisotropy spectroscopy.

Optical Reference Systems Ltd 
OpTIC Technium, 
St Asaph Business Park, 
St Asaph, LL17 0JD, 
UK
Tel: +44 (0)1745 535 188
Fax: +44 (0)1745 535 186
www.ors-ltd.com

WEP (Ingenieurbüro Wolff 
für Elektronik- und
Programmentwicklungen) 
Bregstrasse 90, D-78120
Furtwangen im Schwarzwald, 
Germany
Tel: +49 7723 9197 0
Fax: +49 7723 9197 22
www.wepcontrol.com

12 Inspection equipment 

Bruker AXS GmbH 
Oestliche Rheinbrueckenstrasse 49, 
Karlsruhe, 76187, 
Germany 
Tel: +49 (0)721 595 2888 
Fax: +49 (0)721 595 4587 
www.bruker-axs.de 

KLA-Tencor 
160 Rio Robles, Suite 103D, 
San Jose, CA 94538-7306, 
USA 
Tel: +1 408 875 3000 
Fax: +1 510 456 2498 
www.kla-tencor.com 

13 Characterization
equipment 

J.A. Woollam Co. Inc. 
645 M Street Suite 102, 
Lincoln, NE 68508, 
USA 
Tel: +1 402 477 7501 
Fax: +1 402 477 8214 
www.jawoollam.com 

Lake Shore Cryotronics Inc 
575 McCorkle Boulevard, 
Westerville, OH 43082, USA 
Tel: +1 614 891 2244 
Fax: +1 614 818 1600 
www.lakeshore.com 

14 Chip test equipment 

Keithley Instruments Inc
28775 Aurora Road, 
Cleveland, OH 44139, USA 
Tel: +1 440.248.0400 
Fax: +1 440.248.6168 
www.keithley.com

SUSS MicroTec Test Systems
228 Suss Drive, 
Waterbury Center, VT 05677, USA 
Tel: +1 800 685 7877 
Fax: +1 802 244 7853 
www.suss.com

15 Assembly/packaging
materials

ePAK International Inc 
4926 Spicewood Springs Road, 
Austin, TX 78759, USA 
Tel: +1 512 231 8083 
Fax: +1 512 231 8183 
www.epak.com

Gel-Pak 
31398 Huntwood Avenue, 
Hayward, CA 94544, USA 
Tel: +1 510 576 2220
Fax: +1 510 576 2282
www.gelpak.com

Williams Advanced Materials
2978 Main Street, Buffalo, NY 14214, 
USA
Tel: +1 716 837 1000
Fax: +1 716 833 2926
www.williams-adv.com

16 Assembly/packaging
equipment

Ismeca Europe Semiconductor SA
Helvetie 283, La Chaux-de-Fonds, 2301, 
Switzerland 
Tel: +41 329257111 
Fax: +41 329257115 
www.ismeca.com

J P Sercel Associates Inc 
220 Hackett Hill Road, 
Manchester, NH 03102, 
USA 
Tel: +1 603 518 3200 
Fax: +1 603 518 3298 
www.jpsalaser.com 

Kulicke & Soffa Industries
1005 Virginia Drive, 
Fort Washington, PA 19034, USA 
Tel: +1 215 784 6000
Fax: +1 215 784 6001 
www.kns.com

Palomar Technologies Inc 
2728 Loker Avenue West, 
Carlsbad, CA 92010, USA 
Tel: +1 760 931 3600 
Fax: +1 760 931 5191 
www.PalomarTechnologies.com

TECDIA Inc 
2700 Augustine Drive, Suite 110,
Santa Clara, CA 95054, USA
Tel: +1 408 748 0100
Fax: +1 408 748 0111
www.tecdia.com 
Tecdia is a
manufacturer of 
single-layer chip capacitors, 
chip resistors, DC boards, bias-Ts,
diamond scribing tools and
dispensing nozzles. 

17 Assembly/packaging
foundry 

Quik-Pak
10987 Via Frontera, 
San Diego, CA 92127, 
USA 
Tel: +1 858 674 4676 
Fax: +1 8586 74 4681 
www.quikicpak.com

18 Chip foundry 

Compound Semiconductor
Technologies Ltd 
Block 7, Kelvin Campus, 
West of Scotland, Glasgow,
Scotland G20 0TH, 
UK 
Tel: +44 141 579 3000 
Fax: +44 141 579 3040 
www.compoundsemi.co.uk



United Monolithic Semiconductors 
Route departementale 128, 
BP46, Orsay, 91401, 
France 
Tel: +33 1 69 33 04 72 
Fax: +33 169 33 02 92 
www.ums-gaas.com

19 Facility equipment 

MEI, LLC
3474 18th Avenue SE, 
Albany, OR 97322-7014, 
USA 
Tel: +1 541 917 3626
Fax: +1 541 917 3623
www.marlerenterprises.net 

20 Facility consumables
W.L. Gore & Associates
401 Airport Rd, 
Elkton, MD 21921-4236, 
USA 
Tel: +1 410 392 4440
Fax: +1 410 506 8749
www.gore.com 

21 Computer hardware
& software 

Ansoft Corp
4 Station Square, Suite 200, 
Pittsburgh, PA 15219, USA
Tel: +1 412 261 3200 
Fax: +1 412 471 9427 
www.ansoft.com

Crosslight Software Inc
121-3989 Henning Dr., 
Burnaby, BC, V5C 6P8, 
Canada 
Tel: +1 604 320 1704
Fax: +1 604 320 1734
www.crosslight.com

Semiconductor Technology
Research Inc
10404 Patterson Ave., Suite 108,
Richmond, VA 23238, 
USA
Tel: +1 804 740 8314
Fax: +1 804 740 3814
www.semitech.us

22 Used equipment 

Class One Equipment Inc 
5302 Snapfinger Woods Drive, 
Decatur, GA 30035, 
USA
Tel: +1 770 808 8708
Fax: +1 770 808 8308
www.ClassOneEquipment.com

23 Services 

Henry Butcher International
Brownlow House, 50–51 
High Holborn, 
London WC1V 6EG, 
UK 
Tel: +44 (0)20 7405 8411 
Fax: +44 (0)20 7405 9772 
www.henrybutcher.com

M+W Zander Holding AG
Lotterbergstrasse 30, 
Stuttgart, 
Germany 
Tel: +49 711 8804 1141 
Fax: +49 711 8804 1950 
www.mw-zander.com

TECDIA Inc 
(see section 16 for full contact details)

24 Consulting 

WSR Optical Device Solutions 
P.O. Box 248, 
Flemington, 
NJ 08822, 
USA 
Tel: +1 908 428 4986 
www.wsr-ods.com

25 Resources 

SEMI Global Headquarters
3081 Zanker Road, 
San Jose, CA 95134, 
USA
Tel: +1 408 943 6900
Fax: +1 408 428 9600
www.semi.org

Yole Développement 
45 rue Sainte Geneviève, 
69006 Lyon, 
France 
Tel: +33 472 83 01 86
www.yole.fr 
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15–16 July 2010
Oxford Instruments 2010 Seminar Series:
New Frontiers in Plasma Nanopatterning
Molecular Foundry, Lawrence Berkeley National Laboratory,
Berkeley, CA, USA
E-mail: plasma@oxinst.com
www.oxford-instruments.com

1–5 August 2010
SPIE Optics + Photonics
San Diego, CA, USA
E-mail: CustomerService@spie.org
http://spie.org/optics-photonics.xml

22–27 August 2010
MBE 2010: 
16th International Conference on Molecular
Beam Epitaxy 
Berlin, Germany
E-mail: info@mbe2010.de
http://mbe2010.de

29 August – 2 September 2010
ECSCRM 2010: 
8th European Conference on Silicon Carbide
and Related Materials 
Oslo, Norway
E-mail: info@ecscrm10.com
www.ecscrm10.com

6–9 September 2010 
12th China International Optoelectronic
Exposition (CIOE 2010)
Shenzhen Convention and Exhibition Center, China
E-mail: shirly@cioe.cn
www.cioe.cn/html/list_543.html

6–9 September 2010 
NUSOD (10th International Conference on
Numerical Simulation of Optoelectronic Devices) 
Georgia Institute of Technology, Atlanta, GA, USA 
www.nusod.org/2010

6–10 September 2010 
25th European Photovoltaic Solar Energy
Conference and Exhibition (EU PVSEC) and
5th World Conference on Photovoltaic
Energy Conversion 
Feria Valencia, Valencia, Spain.
E-mail: pv.conference@wip-munich.de
www.photovoltaic-conference.com

6–10 September 2010 
35th International Conference on Infrared,
Millimeter, and Terahertz Waves (IRMMW-
THz 2010) 
Pontificia Università San Tommaso d’Aquino, Rome, Italy 
E-mail: irmmwthz2010@enea.it 
www.irmmw-thz2010.org 
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13–17 September 2010 
Solid-State Device Research — 40th
European Conference (ESSDERC-2010) and 
Solid-State Circuits Research — 36th
European Conference (ESSCIRC-2010) 
Seville, Spain 
E-mail: cor.claeys@imec.be
www.esscirc.org

26–29 September 2010
27th North American Conference on
Molecular Beam Epitaxy (NAMBE 2010) 
Breckenridge, CO, USA 
E-mail: della@avs.org
www2.avs.org/conferences/nambe

27 September – 1 October 2010 
13th European Microwave Week (EuMW2010)
Paris, France 
E-mail: eumw2010@iemn.univ-lille1.fr
www.eumweek.com 

27–28 September 2010 
Oxford Instruments 2010 Seminar Series:
Workshop on Dry Processing for
Nanoelectronics and Micromechanics
University of Freiburg, Germany
E-mail: plasma@oxinst.com
www.oxford-instruments.com

27–29 September 2010
Strategies in Light Europe (SIL Europe 2010)
Frankfurt, Germany
E-mail: kellys@pennwell.com
www.sil-ledeurope.com

29 September – 1 October 2010 
LED Japan Conference & Expo: 
Strategies in Light
Pacifico Yokohama, Japan 
E-mail: tcarli@strategies-u.com
www.sil-ledjapan.com

3–6 October 2010 
2010 IEEE Compound Semiconductor IC
Symposium 
Monterey, CA, USA
E-mail: customer.service@ieee.org  
www.csics.org 

5–9 October 2010
CEATEC JAPAN 2010 (Combined Exhibition
of Advanced Technologies) 
Makuhari Messe, Tokyo, Japan 
E-mail: contact@ceatec.com
www.ceatec.com 

10–15 October 2010 
218th Electrochemical Society (ECS) Meeting 
Riviera Hotel, Las Vegas, NV, USA 
E-mail: meetings@electrochem.org 
www.electrochem.org/meetings/biannual/218/218.htm

19–21 October 2010 
SEMICON Europa 2010 
Dresden, Germany
E-mail: ktorres@semi.org 
www.semiconeuropa.org

20–22 October 2010 
3rd International Workshop on
Concentrating Photovoltaic Power Plants:
Optical Design and Grid Connection 
Bremerhaven, Germany 
E-mail: workshop@concentrating-pv.org 
www.concentrating-pv.org 

26–28 October 2010 
PV Taiwan 2010 (Taiwan International
Photovoltaic Forum and Exhibition) 
Taipei, Taiwan 
E-mail: pv@taitra.org.tw 
www.pvtaiwan.com

30 November – 2 December 2010 
Photovoltaics USA 2010 
Santa Clara Convention Center, CA, USA 
E-mail: info@IDTechEx.com  
www.idtechex.com/printedelectronicsusa10/pv.asp 

6–8 December 2010
IEEE International Electron Devices Meeting 
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Photo: Close-up of SolFocus concentrated photovoltaic (CPV) power unit. 
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