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support center in Shanghai, its fourth
location in the Greater China region.

P22 UCSB researchers have found that
a pyramid ZnO electrode can double
GaN LED light extraction efficiency.

P26 Nichia has developed a lamp-type
white LED with 150Im/W efficacy (more
than a high-pressure sodium lamp).

Cover: The Lexus
LS600h L luxury
sedan will be
launched in the US
this spring as the
first series produc-
tion vehicle with
LED headlights for
both night-time and low-beam use.
Passenger cars have been using LED
tail-lights for about five years, and LED
daytime running lights since 2004. p24
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editorial

Complementary
technologies

In the last issue (page 11) we reported how RFMD was collaborating with
MediaTek to create Bluetooth-enabled cell-phone reference designs using
its CMOS-based SiW3500 system-on-chip (SoC). This issue (page 7), we
report how RFMD is selling its San Diego-based Bluetooth assets to CDMA-
based chipset maker Qualcomm, so that it can focus on its highest-growth
wireless markets: cellular transceivers, cellular and WLAN power amplifiers,
and GPS (with its first scalable GPS solution due to start shipping in March).
However, it has retained the SiW3500 and other SoC and CDMA products,
and aims to be a development partner to Qualcomm’s entire portfolio for
complementary products (e.g. power amplifiers and front-end modules).

In his talk *Optimizing RF semiconductor choices for mobile devices’ at the
CSIC Symposium, Jerry Neal, RFMD’s co-founder and executive VP of
marketing & strategic development, said that, while 2006 revenues should
exceed $1bn, it now ships more transmit modules than PAs (page 39) and
that, by 2008, most handsets will contain a single-chip quad-band
transmit module integrating power amplifiers, a switch and a controller.
Stressing that "RFMD is not married to GaAs HBTs", the firm has been
developing pHEMT switches, says Neal. But RFMD ‘may go to MEMS' [for
switches and filters] as it offers lower insertion loss and ease of integration
(atop the firm’s Integrated Power MOS silicon process).

Similarly, for wideband applications like wireless infrastructure, RFMD is
looking beyond GaAs by launching GaN-based power amplifiers (page 13),
along with Nitronex and Cree, which are also targeting defense applications.
Strategy Analytics forecasts that the market for GaAs devices for defense
applications will grow at a compound average annual growth rate of 8%
through to 2010, then slow as trends towards wider bandwidth, higher
frequency and higher power faver emerging technologies such as GaN.
But the high-power, high-frequency capabilities of GaN should allow GaAs
device makers also working on GaN to compete in areas that have
traditionally been dominated by vacuum tube technology, the firm says:
“GaN will provide an additional revenue stream, rather than simply
offering a means for replacing lost revenues due to GaAs displacement.”

Another possible future application of nitrides is in electronic devices such
as resonant tunneling diodes (see feature, page 32) for terahertz signal
generation, switching, analog-to-digital conversion and detection, as well
as 'functional’ logic devices with simpler structures. These include one-
transistor SRAM and multi-valued memory cells, and devices that could
supersede standard CMOS technology towards the end of the next decade.

Nearer-term applications of GaN of course include white LEDs, which are
developing faster than planned (see Nichia’s 150lm/W white LED, page 26).
The US DOE cautions about their efficacy in luminaires (page 27).
Nevertheless, LEDs are making further inroads into automotive applications,
with the first LED headlamps on a production vehicle to be launched this
spring (page 28). This could drive widespread adoption, it is hoped.
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GaAs defense market to grow at
8% to 2010 before shift to GaN

The market for GaAs devices for
defense applications will see contin-
ued growth at a compound average
annual growth rate (CAAGR) of 8%
through to 2010, forecasts the report
‘Defense Spending Increases Provide
Robust Market for Compound
Semiconductors’ from Strategy
Analytics’ GaAs and Compound
Semiconductor Technologies service.
GaAs remains a staple ingredient
in military and defense systems
covering radar, communications,
electronic warfare and smart muni-
tions. The value of defense con-
tracts awarded in 2006 for these
applications will exceed $16bn, with
projects extending through 2015.
“We believe GaAs device demand
from the defense sector will
increase year-on-year by 9% in
2006 and continue to grow through
to 2010,” notes Asif Anwar, director

of Strategy Analytics” GaAs Service.
However, year-on-year growth for

GaAs devices
Growth for

will start to

slow from GaAs devices
2009 5 will start to
onwards as

future trends slow from 2009
towards onwards as
wfder band- future trends
;ﬁfeitz‘é:ésher towards wider
and higher b:-:' ndwidth,
power favor higher

emerging frequency and

technologies

EoE e higher power

which will favor emerging
starttobe  technologies

designed into such as GaN
next-genera-
tion defense systems. "We believe

that the growing power and fre-

guency requirements of defense
systems will favor GaN over GaAs
as the optimum technology, and
therefore predict that GaN will
begin to be the underlying technol-
ogy for military defense systems
from 2010 onwards."

"The upside for GaAs device
manufacturers also working on GaN
is that the high-power, high-
frequency capabilities of GaN
should allow them to compete in
areas that have traditionally been
dominated by vacuum tube tech-
nology,” says Stephen Entwistle,
VP of the Strategy Analytics’
Strategic Technologies Practice.
“GaN will therefore provide an
additional revenue stream, rather
than simply offering a means for
replacing lost revenues due to
GaAs displacement.”
www.strategyanalytics.net

WiMAX market growth in China depends on dealing
with spectrum allocation, product maturity, and 3G

WIMAX has an excellent opportunity
to expand China’s market for fixed,
portable, and mobile broadband
access, reports In-Stat in "WiMAX
Market in China: The Next PHS
[personal handy-phone system]’.

In early 2006, China Netcom
began to deploy WiMAX 802.16-
2004 systems (3.5GHz) for fixed
wireless access (voice and data) in
the Guangdong province, aimed at
small- and medium-sized busi-
nesses and the residential market.
"WiMAX does have many advan-
tages in cost, flexibility, and deploy-
ment convenience,” says In-Stat
analyst Kevin Li.

Although traction in the 802.16-
2004 (fixed) market will be impor-
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tant, the real success of WiMAX in
China will depend on the much
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China is still ACCESS
confronting  technology...
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ers: uncertain itchi
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cation, imma- domain is

ture 802.16e req uired
product, and

competition from the 3G industry,
In-Stat says. Equipment and sub-
scriber forecasts therefore depend

on how the industry deals with
these issues.

Nevertheless, In-Stat says that a
factor in favor of WiMAX is that it is
a data network access technology,
which means that no circuit switch-
ing domain is required, whereas
3G is divided into circuit switching
and packet switching domains,
which carry voice and data,
respectively.

In-Stat concludes by forecasting
that the China WIMAX subscriber
base will increase from 8000 in
2005 to 3,525,070 (in an aggres-
sive scenario) or, alternatively,
1,234,120 (in a conservative sce-
nario) by 2010.
www.in-stat.com
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WiMAX, Metro Wi-Fi

most efficient for
mobile broadband

Energy costs represent the third
most significant operating expense
item for cellular carriers today, and
fluctuating energy costs are a sig-
nificant area of concern for busi-
ness planners. The introduction of
mobile broadband means that the
energy reguired per subscriber
arising from increasing data uptake
will push per-subscriber energy
operating expense for cellular solu-
tions past acceptable barriers —
unless carriers move from a tradi-
tional cellular-only approach to one
that integrates WiMAX and Metro
Wi-Fi, says ABI Research.

“"From a pure coverage perspec-
tive WiMAX is twice as energy-cost-
effective and metro Wi-Fi is 50

times more energy-cost-effective
than WCDMA,"” says director of
wireless research Stuart Carlaw.
"When data traffic is factored into
the equation, WIMAX can accom-
modate 11 times today’s average
data consumption and still be more
energy-cost-efficient compared to
WCDMA or HSDPA.”

A recent ABI Research study
(‘Energy Efficiency Analysis for
Mobile Broadband Solutions’) found
that total energy consumption aris-
ing from mobile broadband service
delivery is forecast to grow from
42.8bn kWh in 2005 to 124.4bn kWh
in 2011. The Asia Pacific region will
account for most growth.
www.abiresearch.com

Asia GaAs epi suppliers rank highest;
Hitachi overtakes FCM for substrates

Strategy Analytics has released the
results of two surveys detailing
customer ratings for bulk and
epitaxial GaAs substrate suppliers,
revealing that uniformity and price
are the critical parameters used by
GaAs device manufacturers and
epitaxial wafer suppliers when
choosing a substrate supplier.

In its report on semi-insulating
GaAs epitaxial substrates, Asif
Anwar, director of Strategy Analytics
GaAs Service, notes that "The Asia-
Pacific (excluding Japan) epitaxial
wafer suppliers have differentiated
themselves on cost. Aside from IQE,
none of the other epitaxial wafer
suppliers could match VPEC and MBE
Technology wafer pricing”. He adds,
“"MBE Technology also had the high-
est rating overall as a result of strong
customer ratings in both the tech-
nical and commercial parameters."”

r

www.semiconductor-today.com

In its report on semi-insulating
GaAs bulk substrates, Stephen
Entwistle, VP of the Strategic Tech-
nologies Practice, says "Customers
rated the top three suppliers of SI
GaAs bulk substrates, Sumitomo
Electric Industries (SEI), Hitachi
Cable and Freiberger Compound
Materials (FCM), highly for techni-
cal parameters, with little differ-
ence between the three.”

However, Hitachi Cable overtook
FCM and was the clear leader for
commercial parameters, rated
highly in particular for its delivery,
lead times and technical support.
Most notable though was the con-
siderable improvement in AXT's
commercial ratings, though the
company still needs to catch up on
technical parameters, Entwistle
concludes.
www.strategyanalytics.net

News: Markets

Cellular backhaul
point-to-point radio
GaAs market to
peak in 2007

Point-to-point radio GaAs compo-
nent revenues for cellular back-
haul applications (where
information is carried between a
wireless base-station and a cen-
tral wired telephone switch) will
peak in 2007 then flatten from
2008 onwards as growth in unit
shipment in this market slows,
forecasts Strategy Analytics.

The greatest growth in cellular
subscribers will be in the Asia-
Pacific region through 2010,
where infrastructure equipment
demand will continue to increase.
The traditional frequency seg-
ments will continue to dominate
point-to-point radios for cellular
backhaul, despite the introduc-
tion of radios operating at 60GHz
and above.

"With revenues expected to
flatten, GaAs device manufactur-
ers will have to provide innova-
tive solutions to stay ahead of
competitive pressures,” says Asif
Anwar, Strategy Analytics” GaAs
Service Director. "We believe a
move toward packaged parts and
multifunctional chips and/or
multi-chip modules will help
GaAs companies offset competi-
tive threats from competing sili-
con technologies in the near
term and provide added value to
their customers to secure long-
term relationships.”

"The next-generation rollout of
cellular networks is focused on
data, thus point-to-point radios
will need to be able to offer high
data capacities,” adds Stephen
Entwistle, VP of the Strategy
Analytics’ Strategic Technologies
Practice. "We believe the growing
demand for higher data rates will
also lead to replacement of exist-
ing links to accommodate higher-
capacity radios.”
www.strategyanalytics.net
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| 6 News: Microelectronics

Qualcomm chooses Anadigics’
PAs for MSM chipset designs

RFIC maker Anadigics Inc of Warren,
NJ, USA says its WCDMA and
GPRS/EDGE power amplifiers have
been specified by Qualcomm for its
Mobile Station Modem MSM7200 and
MSM6280 chipset reference designs.

MSM7200 supports the high-speed
uplink packet access (HSUPA) stan-
dard for peak data rates of 7.2Mbps
on the downlink and 5.76Mbps on
the uplink. The MSM6280 solution
supports the HSDPA standard for
enhanced peak downlink rates of
up to 7.2Mbps. HSDPA and HSUPA
enables wireless broadband speeds
that rival wired connections.

Qualcomm'’s MSM7200 reference
design specifies Anadigics’ WCDMA
and EDGE PAs to support eight fre-
guency bands: four WCDMA bands
are enabled by the AWT6273,
AWT6278, AWT6279, and
AWT6282 PAs; four EDGE bands
are supported by the AWT6280
polar EDGE PA.

The MSM6280 reference design
specifies the AWT6273, AWT6278
and AWT6279 WCDMA PAs, as well
as Anadigics” AND0O041 quad-band
polar EDGE PA.

The AWT6273, AWT6278 and
AWT6279 WCDMA PAs use Anadigics’

3G High-Efficiency-at-Low-Power
(HELP3) technology. The perform-
ance enables manufacturers to
extend battery life in mobile hand-
sets, smart phones, data cards and
3G-enabled notebook computers.
"Qualcomm’s

MSM7200 and Th_ese two
MSM6280 chipsets,
chipsets raise the together

bar in mobile per- __ .
formance, deliv- with

ering advanced  Anadigics’
multimedia and advanced
communication PAs,
capabilities,” said
Dr Sanjay K. Jha, represent
president of powerful
$Uahlcolmﬂ? CDMA sgolutions for
echnologies.
“The evolution of the nEXt_
today’s 3G net- generations
works is enabling of wireless
mobile users to devices

work and play

with functionality that was previ-
ously reserved for wired broadband
connections, and these two
chipsets, together with Anadigics’
advanced power amplifiers, repre-
sent powerful solutions for the next
generations of wireless devices.”

"As mobile manufacturers develop
advanced 3G devices to take
advantage of the data speeds
enabled by HSDPA and HSUPA
networks, battery life becomes a
critical concern,” said Anadigics’
president and CEQ Dr Bami Bastani.
“Anadigics’ HELP3 WCDMA power
amplifiers have been optimized not
only to deliver excellent voice clar-
ity and data integrity, but also to
significantly improve the operating
time of 3G devices.”

HELP3 WCDMA PAs offer full
compliance with HSDPA and HSUPA
requirements, while reducing
average current consumption by
75% compared with a conventional
power amplifier, says Anadigics.
The PAs provide quiescent currents
of just 7mA without a DC-DC
converter, and eliminate the
requirements for external voltage
regulation. Such performance and
integration of HELP3 products is
achieved by using Anadigics’
patented InGaP-Plus technology,
which combines bipolar and
field-effect transistor (FET) devices
on the same InGaP-based
gallium arsenide die.
www.anadigics.com

Acquicor raises $167m to fund take-over of Jazz

In mid-December Acquicor Technol-
ogy Inc closed a private placement
of $145m worth of its 8% convert-
ible senior notes (due 2011) to
qualified institutional buyers. This
was followed a few days later by the
placement of a further $21.8m of
the notes, convertible into shares of
the firm’s common stock at an initial
conversion price of $7.33 per share.
Acquicor is using the proceeds for
general corporate purposes and to
fund its planned $260m acquisition
of CMOS and SiGe BiCMOS wafer
foundry Jazz Semiconductor Inc of

Newport Beach, CA, USA, which was
announced in late September and
should be completed in Q1/2007
(pending shareholder approval).
Jazz will then become a subsidiary
of Acquicor, though it will continue
to operate as Jazz Semiconductor.
Acquicor was formed in August
2005 by Apple Computer Inc co-
founder Steve Wozniak as chief
technology officer, Ellen M. Hancock
as chief operating officer and presi-
dent (former chief technology offi-
cer of Apple and chief operating
officer of National Semiconductor)

and Gilbert F. Amelio as chairman
and CEO (former chairman and
CEO of Apple and National Semi-
conductor Corp). The purpose was
to acquire — by merger, capital
stock exchange, stock purchase,
asset acquisition or other similar
business combination — one or
more domestic and/or foreign
operating businesses in the tech-
nology, multimedia and networking
sectors. The firm subsequently
raised $172.5m in its March 2006
initial public offering.
WWW.acquicor.com
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News: Microelectronics

RFMD sells Bluetooth assets to
Qualcomm and collaborates on
complementary RF products

GaAs RFIC and module maker

RF Micro Devices Inc of Greensboro,
NC, USA has agreed the $39m sale
to Qualcomm Inc of San Diego, CA,
USA of most of its Bluetooth assets
(specifically those that are based in
San Diego working on devices for
handsets and headsets, including
the intellectual property related to
its next-generation SiW1722 and
RF4000 series of products based on
the Enhanced Data Rate (EDR)
Bluetooth specification).

RFMD anticipates a significant
reduction in Bluetooth-related
expenses. However, the company
says it will retain and continue to
market and sell its CDMA products
SiW1712 and SiW1721 as well as
its SiW3000 and SiW3500
system-on-chip (SoC) products,
which formed most of its Bluetooth
product revenue in Q3/2006.

The deal is expected to give
Qualcomm (which provides CDMA-
based digital wireless communica-
tions technologies and data
solutions) access to next-generation
Bluetooth technology. Qualcomm
will integrate RFMD's Bluetooth
EDR technology into its Mobile Sta-
tion Modem (MSM) reference
designs to offer more complete
solutions. RFMD’s San Diego-based
team designs technology for both
the mobile handset and headset
markets.

Qualcomm is also acquiring WLAN
technology provider Airgo Networks
Inc of Palo Alto, CA, USA. "As the
attach rate for Bluetooth and WLAN
features in mobile handsets is
poised to grow past the critical tip-
ping point, these acquisitions
become very timely,” reckons
Chris Ambrosio, director of wireless
device strategies for market research
firm Strategy Analytics.

www.semiconductor-today.com

new customer support center in
Shanghai, its fourth location in the
Greater China region.

The center will expand RFMD’s
capacity to serve wireless
customers throughout the Far East
by expanding and complementing
its sales and support centers in
Shenzhen and Taiwan, and its
module assembly facility and test

The deal allows RFMD to increase
its focus on its highest-growth

wireless
opportunities, forward to
including working with

cellular ;
transceivers, Qualcomm with

cellular power products
amplifiers,  complementary
wireless local to their

area network .
portfolio, such

(WLAN)

power ampli- as cellular PAs
fiers, and and WLAN
global posi-

Kening front-end
system (GPSs) modules
components,

as well as gallium nitride
high-power amplifiers.

However, the sale will also enable
RFMD to accelerate its expansion
into new markets while streamlin-

Shanghai customer support center opened

and tape & reel facility in Beijing.
RFMD employs more than 900
people in the Greater China area.

The facility, which houses
technical sales, sales management,
application support and customer
support, will enable RFMD to better
serve regional manufacturers, who
are increasingly developing
leading-edge handset technology
for the world’s largest cell phone
providers, the company says.

“This new location will expand and
strengthen our technical and
systems support, while helping to
advance the integration of
complementary radio functions and
applications in cellular handset
designs,” says Greg Thompson, VP
of worldwide sales and applications.

ing its cost structure, says presi-
dent and CEO Bob Bruggeworth.
“"RFMD also looks forward to work-
ing with Qualcomm with products
complementary to their portfolio,
such as cellular PAs and WLAN
front-end modules,” he adds.
“"RFMD hopes to become a broader
development partner to
Qualcomm’s entire product
portfolio for complementary prod-
ucts such as power amplifiers and
front-end modules.”

"The sale of these assets marks
the first time the companies have
worked together on this scale,”
says Jerry Neal, RFMD's executive
VP of marketing and strategic
development. "Our long-term
relationship with Qualcomm contin-
ues to evolve,” he adds. "We look
forward to continuing our support
of current Bluetooth customers.”
www.rfmd.com
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| 8 News: Microelectronics

Skyworks launches Helios II-Plus EDGE radio for
quad-band handsets incorporating multimedia features

Skyworks Solutions Inc of Woburn,
MA, USA is sampling its Helios II-Plus
EDGE radio. The firm says that its
high level of integration and robust
performance is suited to next-gen-
eration quad-band handsets incor-
porating multimedia features such
as DVB-H, FM radios, MP3 players,
digital cameras, and web browsing.
RF board space is reduced by 25%
from the previous Helios design.
Helios II-Plus also interfaces with
virtually any analog baseband and
simplifies factory calibration, allow-
ing OEMs to increase production
throughput, it is claimed. Also, it
surpasses GSM and EDGE specifi-
cations under real-world conditions
such as extreme temperature, low-
battery voltage and antenna mis-
match. It also enables longer user
talk-times by exceeding transmitted
radiated power (TRP) specifications
for improved current consumjption.

Skyworks’ Helios ITI-Plus EDGE radio.

Helios II-Plus condenses EDGE RF
functionality into two devices.

The SKY74138 RF transceiver is
highly integrated for multi-band
GSM, GPRS and EDGE applications.
The receive path implements the
firm’s direct conversion architecture
(four integrated low-noise amplifiers,

a quadrature demodulator and
selectable baseband filter). Like the
Helios, the transmitter path uses its
closed Polar Loop EDGE architecture,
so it can be combined with almost
any standard GSM/EGPRS baseband
without special processing interfaces.
The SKY77523 is a transmit/receive
(Tx/Rx) front-end module with
integrated coupler for quad-band
GSM and EDGE. Also, a CMOS IC
provides the internal PAC function,
interface circuitry, and decoder cir-
cuitry to control the RF switches.
Feedback signals from the devices
form an integral part of the Polar
Loop transmit architecture, which
automatically adjusts amplitude
and phase, providing very robust
performance, and not relying on
blind corrections of the power
amplifier process variation like
other EDGE transmit architectures.
www.skyworksinc.com

IN BRIEF

Microsemi ships
PAs for 802.11n
WLAN platforms

Microsemi Corp of Irvine, USA is
shipping production volumes of its
LX5511 InGaP HBT-based 2.4GHz
WLAN power amplifiers designed
into draft 1.0 802.11n WLAN
platforms from Atheros Commu-
nications. It supports the new-
generation Atheros XSPAN
ARS008E-3NG draft 802.11n
WLAN chipset, and is used in
Atheros-based reference designs
for access point, card bus, PCI and
PCI-Express WLAN applications.
The new PA is a two-stage MMIC
device, 3mm square, with active
bias and output prematching. It
operates from a single 3.3V sup-
ply. With 26dB power gain
between 2.3 and 2.5GHz, it offers
a low 90mA quiescent current.
www.microsemi.com
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WJ launches 4W 28V InGaP HBT PA
module for WCDMA infrastructure

RFIC maker W] Communications Inc
of San Jose, USA has launched a
4W power amplifier module for
WCDMA infrastructure systems.
Building on its AP60x family of 28V
InGaP/GaAs HBT PAs, the highly
integrated 2-stage AP622 is
designed for the pre-driver and
driver stages in WCDMA base-sta-
tions and PA modules, and the out-
put stage in repeaters.

The AP622 is housed in a small,
13mm x 29mm x 4.1mm flange
mount package and operates at
2110-2170MHz. It has a P1dB of
35dBm, 28dB of power gain and
ACLR of -55dBc at 23dBm power
output for WCDMA applications and
operates from a +28V supply at
130mA operating current when
configured for class AB operation,
though it is usable over 24V to 32V.

The AP622 embodies the require-
ments for high linearity, high power

gain, low operating current, 28V
supply voltage, and design flexibility
in a single package.

The AP622 incorporates the same
features as the AP60x products,
including the active bias circuitry to
achieve improved linearity perform-
ance and adjustable quiescent bias,
while providing design flexibility for
demanding system requirements.
The fully matched 50Q input and
outputs simplify the design and PCB
layout of wireless infrastructure
equipment. It also enables design-
ers to 'plug and play’ the module
into their system designs, reducing
implementation time and resources.

The need for higher power prod-
ucts and market demands has
encouraged WJ to develop a 7W PA
module for WCDMA, as well as
future power amplifiers with power
levels greater than 7W.
WWW.Wj.com

www.semiconductor-today.com
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Ku-band low-noise |-
GaAs HEMTs

dual-band CDMA
Japan’s Mitsubishi Electric Corp has

PAs to Nokia

Anadigics is shipping production
developed the MGF494 1AL Ku-band
low-noise GaAs high-electron-

volumes of its ultra-compact
3mm x 5mm AWT6314
dual-band CDMA power ampli-

mobility transistor, for use in low- 1 fiers (PA) for Nokia's new 6215i

noise amplifiers for 10-12 GHz lightweight clamshell handset,

direct broadcast satellite (DBS) and which features two-color dis-

very small aperture terminal (VSAT) plays, camera with flash, and a

reception systems. Sample ship- built-in speakerphone.

ments will begin in mid-February. The small footprint reduces

The HEMT is used in first-stage LNAs external components and

for down-converters in receiver achieves a 25% space saving

systems that convert 12GHz signals

from broadcast and/or communica-

tions satellites into intermediate

Mitsubishi Electric's MGF4941AL
Ku-band low-noise GaAs HEMT.

users can choose either the existing
small-footprint leadless type of

compared with solutions needing

two single-band PAs, helping the
frequencies in the 1-2GHz band.
An improved surface treatment

design of ultra-thin handsets.
The AWT6314 features 39%

process improves the noise factor
by 0.05dB (compared to previous
models) to 0.35dB, contributing to
the improved productivity and func-
tionality of satellite communications
equipment, the firm says. Also,

package or an industry-standard
Micro X Type 6 package, which
makes it easier to mount to the
motherboard, improving productivity.
Mitsubishi Electric also plans to
produce plastic package HEMTs for
Ka-band (18-20GHz) DBS.
www.mitsubishichips.com

www.anadigics.com

efficiency, 50mA of quiescent cur-
rent, and a common VMODE line
to simplify the control interface
and support single-mode oper-
ation up to full antenna power.
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ST and Velox paritner on GaN
Schottkys for power supplies

STMicroelectronics (ST) of Geneva,
Switzerland and Velox Semiconduc-
tor Corp of Somerset, NJ, USA, a
vertically integrated manufacturer
of GaN transistors and diodes, have
teamed to jointly introduce GaN
Schottky diodes into the market,
with the long-term aim of
establishing both companies as
dual-source suppliers.

GaN-based diodes can be used to
manufacture switch mode power
supplies (SMPS) for smaller, more
efficient and lower-cost computers,
consumer applications, and indus-
trial products. In SMPS applications
GaN enables the implementation of
higher-frequency power-factor cor-
rection circuits that offer benefits in
efficiency, product size, low noise,
smaller heat-sink requirements,
and higher vyield.

The reduction in switching losses
in GaN devices can be applied to
optimize circuit design; by increas-
ing efficiency, reducing heat-sink
requirements, or reducing the
current rating of the transistor.

The operating frequency can be
increased to allow the use of

smaller passive components, or to
achieve acoustic requirements,
The absence of high-frequency
oscillation at turn-off reduces RFI
filter requirements.

Velox is in the final stages of
developing 600V GaN Schottky
diodes before transition to produc-
tion. In the first phase of the agree-
ment, ST will help complete the
development, test and qualify the
diodes, and use its global network
to market and distribute them
under the Velox brand name.

In the second phase, Velox and ST
aim to become full dual sources.
Velox will license its diode produc-
tion technology to ST to enable
second-source manufacturing; both
companies are working together to
synchronize manufacturing and
qguality systems. The companies
caution that the synchronization
efforts may delay the start of pro-
duction originally planned by Velox,
although the resulting delay should
ensure an “agile and consistent
supply of GaN devices”.

"Both companies believe that the
GaN devices will provide one of the

best trade-offs for the 600V power
device market in the medium
term,” said Ricardo de Sa Earp,
ST’'s general manager, Application
Specific Discretes Division. "We
believe that the deal with Velox
enables ST to introduce a new and
fast-growing product line, quickly,
and with the minimum of R&D and
capital investment.”

“Our agreement with ST will help
Velox to answer our customers’
needs for reliability of supply, and
will enable faster qualification at a
larger number of customers,” said
Velox’s CEO Thomas Hierl.
“"Combining ST's manufacturing,
reliability and quality expertise with
Velox GaN technology will create a
true dual-source supply for GaN
devices.”

ST and Velox say that they offer
complementary skills that should
accelerate development of the
critical technologies — leveraging
the capital costs required, and
increasing the quantity and quality
of products available.
www.st.com
www.veloxsemi.com

Normally-off GaN power transistor with low R,

At December’s International Electron
Devices Meeting 2006 in San Fran-
cisco, Panasonic (Matsushita Electric
Industrial Co Ltd) of Osaka, Japan
announced the development of a
GaN power transistor with normally-
off operation. The firm claims it is
the first demonstration of conduc-
tivity modulation in GaN as a novel
operating principle leading to low
on-state resistance. The new tran-
sistor enables low-loss and high-
voltage power switching devices.
Normally-off operation has been
strongly desired for GaN power
transistors, but previously reported
approaches have resulted in high

semiconductor TODAY Compounds& AdvancedSilicon = Vol. 1 = issue 6 = December 2006/ January 2007

Cross section of Panasonic’s
normally-off GaN power transistor.

on-state resistance. In the new
‘gate injection transistor’, a nor-
mally-off positive threshold voltage
of 1V is achieved by using a pn-
junction gate structure instead of a

conventional metal gate, In addi-
tion, the injection of holes from the
p-type gate layer drastically
increases the drain current, result-
ing in a low specific on-state resist-
ance (R,.s) of 2.6mQcm?.

The high breakdown voltage of
640V is obtained on cost-effective
silicon substrate. The transistor is
applicable to future high-efficiency
power switching systems replacing
silicon-based power devices, the
company claims.

Applications have been filed for
89 domestic and 52 international
patents.
http://panasonic.net

www.semiconductor-today.com
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Record-output-power X-band
GaN power FET gives 81.3W

At November’s IEEE Compound
Semiconductor IC Symposium
(CSIC) in San Antonio, TX, USA,
Toshiba Corp presented GaN power
field effect transistors (FETs) that
exceed the operating performance
of GaAs FETs used in microwave
solid-state amplifiers for radar and
satellite microwave communica-
tions in the 8-12GHz X-band fre-
guency range. The new transistor
achieves record output power of
81.3W at 9,5GHz, and six times the
power density of a GaAs FET.

Ever increasing communications
flows are driving demand for higher
output power in the amplifying
devices used in radar and satellite
microwave communications. Until
now, Toshiba has met this demand
with GaAs-based FETs offering 90W
at 6GHz and 30W at 14GHz. How-
ever, balancing heat dissipation and
performance characteristics at high
frequencies is a critical issue with
GaAs, and is reaching the point
where the material is fast approach-
ing the upper limits. GaN shows
promise for application in high out-
put power amplifiers that support
higher frequencies above the
microwave frequency band, since it
offers higher saturation electron
velocity, higher dielectric break-
down voltage and a higher operat-
ing temperature range than GaAs.

Toshiba initially concentrated on
developing a GaN power FET for
the 4-8GHz (C-band), and last year
announced a GaN power FET with
174W output in the 6GHz band. It
has now built on that with struc-
tural optimization that has achieved
a device supporting higher X-band
frequencies and that achieves the
highest power output yet obtained
by a GaN power FET operating at
9.5GHz. This progress should allow
integration of devices in solid-state
amplifiers and their downsizing,
while giving higher output power.

Toshiba’'s 21.5mm x 12.9mm GaN
Power FET (photo: Business Wire).

The breakthrough was achieved
by optimizing the epilayer and chip
structures for X-band operation.
The FET has a HEMT structure. First
the composition and thickness of
the AlGaN and GaN epilayers were
optimized. Then the FET unit struc-
ture (including gate length and the
distance between the source and
drain electrodes) was optimized.
This not only assures heat dissipa-
tion but also high performance at
X-band frequencies (9.5GHz).

Toshiba’s heat treatment technol-
ogy achieves low contact resistance
at the source and drain electrodes,
allowing maximization of the GaN
material characteristics. To produce
high performance at X-band fre-
guencies, the FET requires a gate
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electrode under 0.5 microns. Also,
as a high voltage is applied, sup-
pression of current leakage at the
gate electrode is essential. A
unigue gate electrode structure and
overcoat process helps suppress
gate leakage to 1/30th of conven-
tional technology.

The conventional approach to
boosting output power in GaN
devices has been to fabricate a
large chip with high power capacity
in a large package. Such devices
ran very hot, which could cause
components to deteriorate and also
damage the amplifiers into which
the devices were integrated. GaN is
a difficult material to work with and
achieve uniformity of chip charac-
teristics, and tends to suffer power
losses when combining the power
of multiple chips in a package.

Toshiba’s process technology
achieves chip uniformity across the
wafer, while power management
reduces power dissipation inside the
package. These approaches disperse
heat and reduce potential compo-
nent deterioration, and support the
achievement of a high power out-
put of over 80W in the X-band.

Instead of the electron-beam
exposure technology often used in
lithography for GaN power FETs at
C-band and higher frequencies,
Toshiba has adopted stepper expo-
sure that it claims is better suited
to the mass production of X-band
FETs, which require a gate length of
less than 0.5 microns.

Toshiba has established manufac-
turing technology for GalN power
FET in the 50W range and started
to release samples. It expects to
start mass production within six
months.

Toshiba is confident the break-
through opens the way to even
higher frequencies of 12-18GHz
(Ku-band).
www.toshiba.co.jp
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RFMD sampling
GaN wideband PAs

RF Micro Devices Inc of Greensboro,
NC, USA is sampling its GaN wide-
band power amplifier ICs, for Tier 1
WiIiMAX, cellular base-station and
public mobile radio (PMR) appli-
cations, for production shipments
starting in early January.

"Qur GaN process technology
positions RFMD to provide the high-
power, broadband solutions needed
to meet growing customer demand
for more cost-effective and more
efficient deployment of next-gener-
ation wireless infrastructure,” said
Jeff Shealy, VP, Infrastructure Prod-
uct Group. "RFMD’s GaN power ICs
deliver a simple, single-amplifier
solution for wideband applications
dependent on maximizing power,
bandwidth and efficiency.”

The range includes multiple PAs:
RF3820 (8W P1dB cellular;, 1.8-2.2GHz),
RF3821 (8W P1dB WiMAX, 2.3-2.7GHz),
RF3823 (8W P1dB WIiMAX, 3.3-3.8GHz),
RF3822 (14W saturated power PMR,
100-1000MHz). Both WiMAX PAs

RFMD’s GaN wideband PAs.

provide 29dBm linear output power
with 2.5% EVM and flat gain of 11dB
across multiple bands. The cellular PA
provides 27dBm linear output power
with -50dBc ACPR and flat gain of
13dB across DCS/PCS/WCDMA fre-
guency bands. The PMR PA provides
14-12W saturated output power
and flat gain of 11.5dB with PAE of
65% mid-band at 500MHz. The
designs operate on a 28V rail and
include internal-matching elements
to deliver a 5022 interface over the
band of operation. They are pack-
aged in a thermally enhanced AIN
package for efficient heat removal.
www.rfmd.com

News: Nitride electronics 13‘

GaN HEMTs for
broadband

Cree Inc of Durham, NC, USA is
producing sample quantities of two
general-purpose high-power GaN
HEMTs for broadband applications.
The 10W CGH40010 and 45W
CGH40045 operate at up to 4GHz
with 14dB of associated power gain
and 65% drain efficiency at 28V.
Their efficiency, high gain and broad
bandwidth suit linear and com-
pressed amplifier circuits, says Cree.
Target applications include general-
purpose broadband amplifiers and
critical communications systems
used by police, fire departments
and homeland security. The GaN
HEMTs can “significantly outperform
existing GaAs or Si LDMOS technol-
ogy in broadband systems that
need wide-bandwidth, low-power
or high-efficiency performance,”
said Jim
Milligan,
product
manager
for wide-
bandgap RF
products.
WWW.cree.com

Nitronex launches broadband RF power transistors

Nitronex of Raleigh, NC, USA has
made available the first two in a
series of parts from its broadband
product line of RF power transistors.
The NPTB00025 and NPTB00050 are
suited to applications requiring high
power and broad bandwidth, e.g.
public safety radio networks, medical
instrumentation and military systems.

At 3GHz and 28V, the NPTB00025
delivers saturated power of 25W,
with small-signal gain of 13.5dB
and drain efficiency of 65%; the
NPTBO0050 provides 50W, with
small-signal gain of 11.5dB and
drain efficiency of 60%. A large-
signal, nonlinear model is also
available for both in either ADS- or
Microwave Office-compatible formats.
Both operate at frequencies from
as low as 125MHz up to 3.8GHz.

www.semiconductor-today.com

Nitronex’s 25W NPTB00025 GaN
broadband RF power transistor.

"These RF transistors are designed
to exploit the larger impedances
offered by our GaN-on-Si HEMT
technology, allowing our customers
the design ease and freedom to opti-
mize for power, gain and high effi-
ciency over very wide bandwidths,”
says Kevin Linthicum, chief technol-
ogy officer and VP of Engineering.

“Nitronex is committed to the RF
power market. In the coming months
we will unveil higher-power versions
of these parts, including devices
developed in Gemini packages.”
These latest products are made
possible partly by Nitronex’s NRF1
SIGANTIC GaN-on-silicon manufac-
turing process, which Nitronex
announced as being fully qualified
for volume production at October’s
WiIMAX World event in Boston,
while making available the first
three members of its family of dis-
crete high-performance RF power
transistors for power amplifiers in
WIMAX infrastructure: the
50W/28V 3.3-3.8GHz NPT35050 and
the 15W/28V 3.3-3.8GHz NPT35015
and 2.3-2.7GHz NPT25015
www.nitronex.com
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IQE acquires MBE Technology

IQE plc of Cardiff, UK has closed the
acquisition of Singapore-based rival
epiwafer foundry MBE Technology
for $$23m (£7.5m): half in an initial
cash payment plus half in loan notes
(bearing 6.5% interest) repayable
in three instalments in January 2008,
June 2008 and January 2009.

To finance the cash payment plus
working capital, on 27 December
IQE placed 25 million new ordinary
shares at 18p per share (about 6%
of the company's enlarged ordinary
share capital) on the London Stock
Exchange’s AIM market (on which
IQE’s existing shares trade), raising
about £4.5m before expenses.

As MBE Technology is profit-making,
the acquisition will be immediately
earnings enhancing, reckons IQE.

Following August’s acquisition of
Emcore’s Electronic Materials Division
(EMD) in Somerset, NJ, USA (now
IQE RF), MBE Technology completes
IQE's strategy to become the largest
outsource supplier of epiwafers to
chip manufacturers for the wireless
industry, with the industry’s broad-
est range of products, says IQE’s
chief executive Dr Drew Nelson.

MBE Technology was incorporated
in Singapore in 1993 and is a manu-
facturer of epiwafers for high-speed
electronic components in the wire-
less and optical telecoms industries.
It is expected to generate 2006
revenues of US$15m and earnings
before interest, taxes, depreciation
and amortization (EBITDA) of over
US$3.2m. IQE says that MBE has a
strong customer base across the

In a trading update for full-year
2006, IQE said it had continued to
perform well in the second half,
with the overall business perform-
ing in line with expectations.
Demand for its wafer products
continued to be strong in all sectors.
The weak US dollar impacted rev-
enues, but the natural hedging
from a significant proportion of
group costs being in US dollars has
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Far East, including a strategic sup-
plier agreement with “a substantial
Japanese electronics manufacturer”
and excellent links into Taiwan,
China and Korea. The acquisition
provides opportunities to use the
new base in Asia to accelerate sales
into the Pacific Rim wireless industry,
the firm says. "The addition of a
manufacturing and formal sales
base in the Far East significantly
increases our profile in the region
and establishes a truly global pres-
ence for the group,” adds Nelson.
As part of a larger group, MBE has
the support necessary to exploit the
regional opportunities by meeting
the rapidly increasing demands of
the mobile communications sector.

IQE says it now has a dual-source
manufacturing capability for all its
wireless products, with facilities in
Singapore, the USA, and the UK
gualified for the production of epi-
wafers for RF components. "This
brings significant manufacturing
synergies, allowing us to more fully
leverage our global purchasing
power [of raw materials] and excess
manufacturing capacity at our facil-
ities in the US [as demand, particu-
larly from the Pacific Rim, continues
to grow, particularly for RF/wireless
products],” says Nelson.

According to Strategy Analytics,
the amount of GaAs wafers used in
mobile phones alone is expected to
at least double between 2005 and
2009, driven by increasing mobile
handset sales and consumer
demand for increased functionality,

reduced the impact on profitability.
The integration of the former
EMD facility has been successful,
with demand for its wireless prod-
ucts exceeding expectations. The
ability to ‘multi-source’ wireless
products from within the group is
proving to be a major benefit, says
IQE. It has also provided the
opportunity to qualify new and
existing customers with additional

higher-data-rate access, and more
comprehensive interactive content,
plus the addition of WiFi, WiMAX
and wireless media. "IQE is the
only wafer company capable of
supplying products for the full spec-
trum of the wireless market, from
handset to infrastructure,” claims
Nelson. "We can provide our cus-
tomers with complete assurance of
supply and a one-stop shop for all
of their wafer requirements.”

IQE now has about 320 staff and
operate six manufacturing facilities:
MBE-based epiwafer manufacturing
at IQE Singapore and IQE Inc (in
Bethlehem, PA, USA) and MOCVD-
based epiwafer manufacturing at
IQE RF (in Somerset, N1) and IQE
(Europe) Ltd and IQE Silicon Com-
pounds Ltd at its Cardiff headquar-
ters, plus substrate manufacturing
Wafer Technology Ltd (in Milton
Keynes, UK), as well as nine sales
offices worldwide.

Following the EMD acquisition,
Strategy Analytics predicts that the
addition of MBE Technology will
increase IQE’'s market share by at
least 123% in 2007. "There
remains the not insignificant chal-
lenge of integrating two smaller
companies, but if IQE can overcome
this challenge, Strategy Analytics
believes IQE can use the acquisition
of MBE Technology to improve its
customer ratings and cement a
sustainable position as the world’s
number-one supplier of GaAs epi-
taxial substrates,” the firm adds.
www.igep.com

wireless products and to acceler-
ate development of next-genera-
tion products such as BiFET
epiwafers.

These developments have
resulted in some additional costs
during second-half 2006, but are
expected to benefit the group sig-
nificantly in 2007, IQE will report
preliminary results for full-year
2006 in March.

www.semiconductor-today.com
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Tegal gets etch order
from Skyworks

Plasma etch and deposition sys-
tem maker Tegal Corp of San
Jose, CA, USA has received an
order for a 6500 Advanced Etch
cluster tool from GaAs IC maker
Skyworks Solutions Inc of
Woburn, MA, USA for shipment
to its 4" fab in Newbury Park, CA.
The high-vacuum system will be
used to etch SiN and other criti-
cal thin films for devices to be
incorporated in wireless handset,
automotive, broadband, cellular
infrastructure, industrial and
medical applications.

"The 6500 Advanced Etch sys-
tem was selected on the basis of
the unique capabilities of our
innovative HRe- (High-density
Reflected electron) source,” says
president and CEO Thomas Mika.
“A key focus area for our company
is the compound semiconductor
space, which is seeing renewed
growth due to the ubiquitous
usage of wireless electronics.”

"The HRe- chamber enables us
to etch films on GaAs substrates
at a low temperature with suit-
able etch rate, etch profile and
selectivity to mask and under-
layer,” says Dr Nercy Ebrahimi,
Skyworks’ director of Process
Technology. "These etch charac-
teristics are important for us to
manufacture our advanced wire-
less devices [AlGaAs and InGaP
HBTs, and GaAs BiFETs],” he adds.
www.tegal.com

BOC Edwards opens new European
headquarters in Grenoble

To be closer to key customers in
Grenoble’s ‘cluster of competence’,
BOC Edwards, a supplier of vacuum,
abatement, chemical management
equipment and services, has opened
a 900m* European semiconductor
headquarters in Grenoble, France
(in the Bernin Industrial Zone next
to STMicroelectronics’ Crolles fabs)
and transferred its European semi-
conductor team from Crawley,
West Sussex, UK.

The firm has initially relocated 50
staff from its sales, business man-
agement and applications engi-
neering functions. It also intends to
leverage the R&D concentration in
the area to hire for technical posi-

tions in engineering, project man-
agement, and service and support.
BOC Edwards has more than dou-
bled in size over the past decade to
well above $1bn, due to "organic
growth and a series of strategic
mergers and acquisitions, mainly
focused on on-tool vacuum, gas
and liquid extraction, and treat-
ment technologies,” says Olivier
Blachier, general manager, Europe
semiconductor business. The move
will support this growth. "We intend
to increase our presence in key
markets such as the photovoltaic
industry, compound semiconductor
devices and outsourcing services.”
www.bocedwards.com

Veeco gives APAC VP global role

Veeco Instruments Inc has
appointed Benjamin Loh Gek Lim to
the new position of executive VP of
Global Field Operations, which
includes managing the firm’s global
sales and service organization.

Loh was formerly senior VP, Asia
Pacific Operations. Asia is now about
40% of Veeco's revenues and its
fastest growing region. “"We intend
to leverage Benjamin's skills to a
more significant role,” said chair-
man and CEO Edward H. Braun.
“He will have a particular focus on
enhancing our market penetration,
accelerating new product sales, and
increasing customer satisfaction.”

Loh is the first senior Veeco corpo-
rate executive to reside in the APAC
region. Prior to joining Veeco in
2005, he was SVP of Asia at Unaxis
and president of Unaxis Shanghai.

Also, John Bulman, former head of
worldwide sales, takes on the role
of senior VP, North American and
Worldwide Sector Sales. "Bulman's
experience and industry relation-
ships will continue to benefit Veeco
as he focuses on extending Veeco's
relationships with key customers in
our data storage, HB-LED/wireless,
semiconductor and scientific
research markets," Braun added.
WWw.veeco.com

Aviza Japan president appointed to expand presence

Etch and deposition system maker
Aviza Technology Inc of Scotts Valley,
CA, USA has appointed Dr Masaaki
Yashiro as president of Aviza Tech-
nology Japan K.K., responsible for
managing day-to-day operations.
He will support Aviza’s current
client base in Japan, and further
broaden and strengthen Aviza's
market presence in the region.
Yashiro will report to Rick O'Mal-
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ley, VP Worldwide Sales and Cus-
tomer Support. "Aviza remains
committed to supporting our exist-
ing Japanese customers and
expanding our presence in this
important region,” said O'Malley.
“We believe that he will play an
important role in our efforts to fur-
ther expand the company’s busi-
ness in the Japanese market.”
Yashiro has held positions in exec-

utive management, operations,
program management and process
engineering. He joins from SEZ
Group where he was president and
chief operating officer of SEZ
Japan. Previously, he was VP, Cor-
porate Development and Technol-
ogy at Tokyo Electron Ltd. He also
worked at Texas Instruments for
about 15 years.
www.avizatechnology.com
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Veeco Instruments Inc of Woodbury,
NY, USA has received four orders
for its R&D molecular beam epitaxy
systems, extending across its R&D
product line including a GEN20,
GEN930, GEN II, and a GEN III.

The systems are planned for a
range of development efforts by
research groups in Europe, Japan,
and the USA. The GEN20, the |atest
development platform addition to
the product line, will manufacture
quantum dots. Similar to other sys-
tems operating in oxides, the
GEN930 will support a ‘leading
institute’ in the development of
next-generation logic devices. The
GEN II and GEN III systems will
support III-V and high-mobility
developments, respectively.

"The GEN20 system order further
solidifies the success of this product
as a scalable platform from devel-
opment through pilot production,”
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Veeco receives four

orders for R&D
MBE systems

says Jeffrey Hohn, vice president,
general manager Veeco MBE
Operations.

The GEN20 is the only 4” system
in the industry that can be
upgraded from a manual wafer
transfer configuration to a system
with an automated cluster tool,
enabling 24x7 operation, claims
Veeco. The flexibility of the pump-
ing configuration, wafer handling
options and high-wafer throughput
suit both government labs and pilot
production environments. The
continued development and
advancement of the GEN II and
GEN III systems, with their large
installed base, suits high-mobility
devices and general III-V research.
The GEN930 configured for oxides
is a powerful and affordable system
for emerging oxide applications,
Veeco adds.
www.veeco.com

Riber receives second order for
Compacti2 MBE reactor

MBE reactor maker Riber of
Bezons, France has received a sec-
ond order for its Compactl2
research machine (introduced in
2005), to be delivered in Europe in
the next fiscal year.

The Compactl2 is at the entry
level of Riber’s range. It is targeted
at research labs and institutes car-
rying out academic or basic
research in nanotechnology, as well
as feasibility work on new materials
or processes, in fields such as semi-
conductors, metals, oxides and
organic semiconductors. It benefits
from attractive cost of purchase
and operation, as well as ease of
use and flexibility, says Riber.

www.semiconductor-today.com

“We expect sales development of
this product in the years to come,
as we have good feedback on our
market target and high interest
from our customers for this
machine,” said Michel Picault, presi-
dent of Riber's executive board.
® Riber has received an order for a
Compact21HM MBE research sys-
tem (a variant of the Compact21)
from an unnamed research insti-
tute in China.

Riber says it currently has 14
research machines installed with 10
clients in China, which it views as
an important market due to its con-
siderable investment in R&D.
www.riber.com

IN BRIEF

Arima buys Veeco
TurboDisc E450

MOCVD system to
ramp up auto LED

production

Taiwanese high-brightness LED
maker Arima Optoelectronics
Corp has bought a TurboDisc
E450 As/P MOCVD system from
Veeco Instruments Inc (its
largest-capacity system) to pro-
duce epiwafers for automotive
LED applications, as it expands
production of red, orange and
yellow (R/0O/Y) LEDs.

Veeco’s TurboDisc As/P tools
offer integrated RealTemp 200
technology for direct wafer tem-
perature control, and fast gas
switching for control of interface
abruptness, The E450 is Veeco's
largest capacity MOCVD produc-
tion system, and can be used for
the mass production of R/Q/Y
HB-LEDs, HBTs, pHEMTs, and
multi-junction solar cells.
WWW.veeco.com

Largest-capacity
MOCVD system
ready for
production

Aixtron AG of Aachen, Germany
says that the world’s largest-
capacity MOCVD system for
nitride production, the new
Aixtron 42x2-inch AIX 2800G4
Planetary Reactor system, is now
operational at one of its
long-term customers in Asia
(the launch customer for the
AIX 2800G4 mass-production
system).

The system was signed off
within just a few weeks from
delivery, and has already been
put into production. Due to the
new Yield-Plus features, it is
performing better than previous
systems, says Aixtron.
www.aixtron.com

semiconductor TODAY Compounds& AdvancedSilicon = Vol. 1 = Issue 6 = December 2006/ January 2007



| 18 News: Materials and processing equipment

IN BRIEF

Metryx gets order
from US GaAs maker

Metryx Ltd of Bristol, UK says
that a leading US-based GaAs
volume manufacturer of surface
acoustic wave (SAW) and bulk
acoustic wave (BAW) devices for
the communications industry has
placed an order for its Mentor
0OC23 Mass Metrology system,
for measuring both deposition
and etch processes on product
wafers in volume production.
The order highlights the broad
range of applications where mass
metrology can be implemented
to monitor and characterize
processes, says the company.
Metryx's technology can be used
to monitor product wafers in vol-
ume production environments for
dielectric and conducting mater-
ials in etch, deposition and
chemical-mechanical planariza-
tion (CMP) process applications.
www.metryx.net.

SEMATECH’s VP of
Strategy becomes
Rudolph’s COO

Rudolph Technologies Inc of
Flanders, NJ, USA, which supplies
process control metrology, defect
inspection and data analysis sys-
tems, has appointed Alex
Oscilowski chief operating officer.

“"He comes to us directly from
SEMATECH [the R&D consortium
in Austin, TX] where he has been
VP-Strategy,” says chairman and
CEO Paul F. McLaughlin. “His
strong leadership and global net-
work of relationships within our
customer base make Alex an
excellent choice.”

Oscilowski spent his early career
at Texas Instruments and Digital
Equipment Corp, and has been
president of assembly equipment
maker Kulicke & Soffa Industries,
responsible for global business.
www.rudolphtech.com

semiconductor TODAY Compounds & AdvancedsSilicon = Vol. 1 s Issue 6 = December 2006/ January 2007

TEM sample prep system with
adaptive ion milling technology

At the Electronic Device Failure
Analysis Society’s 32nd Interna-
tional Symposium for Testing and
Failure Analysis (ISTFA) in Austin,
TX, USA in November, SELA Ltd of
Upper Yokneam, Israel, which has
supplied over 250 engineering and
failure analysis systems since 1992,
launched the Xact, the first trans-
mission electron microscopy sample
preparation system using new AIM
(Adaptive Ion Milling) technology.

The new system was developed to
overcome the limitations of focused
ion beam (FIB) technology regard-
ing artifacts, size of selected area,
lamella thickness and productivity.

The Xact incorporates a scanning
electron microscopy and scanning
transmission electron microscopy
unit. The twin-beam technology is
uniguely configured to enable arti-
fact-free sample clarity and auto-
mated, in-line, precise end-point
detection.

A key feature of AIM is a versatile
ion gun assembly with controllable
energy for not just aggressive
milling but also gentle milling, and
a controllable dynamic beam that

can impact a specimen at a multi-
tude of angles.

AIM reduces sample widths to
<50nm over a large area with high
precision, artifact-free (wedge-like)
guality, high throughput, and low
cost of ownership, SELA claims. The
system incorporates a five-axes
positioning and micro-positioning
manipulator for loading/unloading,
alignment, calibration and move-
ment of the sample holder. An opti-
mized air lock allows rapid sample
loading and vacuum readiness. The
Xact is also recipe driven for accu-
racy and ease of use.

“The Xact addresses engineering
and FA problems linked to the
semiconductor and nanotechnology
industry roadmap for at least the
next two to three generations,”
says CEQ Colin Smith. “"Our AIM
technology is incorporated in a
twin-beam system engineered
specifically for sample preparation.”

Sela is already working on cus-
tomer samples and is processing a
new tool order for delivery within
the next quarter,
www.sela.com

Vistec consolidates in Weilburg

Vistec Semiconductor Systems
GmbH, which makes wafer process
control systems and mask metrol-
ogy systems, has consolidated all
of its operations (including its
headquarters in Wetzlar and about
160 marketing, administrative and
R&D staff will move to Weilburg) to
a single location in Weilburg, Ger-
many (where it already had a pro-
duction site with 80 staff).

A €5m investment program has
expanded the facility to 12,000m?,
including new IT infrastructure,
cleanrooms (enlarging the total
area to 1700m?) and a 250m?
equipment demonstration
cleanroom.

General manager Gerhard Ruppik
expects "optimized processes by

e e

Vistec's cleanroom in Weilburg.

concentrating our activities in a sin-
gle site...we can now easily expand
to accommodate future growth in
demand.”

Vistec was previously Leica
Microsystems Semiconductor GmbH
until being bought from Leica by US
capital investment company Golden
Gate Capital in 2005.
www.vistec-semi.com
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K&S appoints GM for Alphasem die bonder operation

In November, wire bonding
equipment maker Kulicke & Soffa
Industries Inc of Fort Washington,
PA, USA paid Dover Technologies
International Inc $27.1m to acquire
the die bonding equipment maker
Alphasem in Berg, Switzerland.
Alphasem has 260 staff and in 2005
had sales of $60m and a 10% share
of the $520m die bonder market,
according to VLSI Research.

K&S has since appointed Richard
Boulanger as general manager of
what is now K&S Switzerland,
responsible for manufacturing, R&D,
product development and business
operations (including developing a
next-generation die bonder platform
and expanding into new markets).
"Richard will ensure a smooth
transition among K&S, Alphasem
employees and our worldwide
customer base,” added equipment
segment VP Christian Rheault.

Most recently, Boulanger was VP
of the Advanced Semiconductor
Assembly Division of Universal

Instruments Corp, which provides
solutions for the precision place-
ment of flip chips and bare die. He
also worked at IBM's assembly & test
plant in Bromont, Quebec, Canada.

"This acquisition is a step forward in
our strategy to extend our core prod-
ucts and technologies...as we expand
the K&S role in semiconductor
assembly,” said CEO Scott Kulicke.
“Alphasem is a natural extension of
K&S's core equipment business into
die bonding equipment,” added
Rheault. "Wire bonders and die
bonders share many common func-
tions, software features, sub-
assemblies, and components...joining
the engineering and manufacturing
expertise of Alphasem and K&S will
yield superior equipment platforms.”
The acquisition is “an investment in
growth at a reasonable price”.

For its fiscal Q4/2006 (to end-
September), K&S' revenues were
$161.4m, down slightly on $162m
a year ago. Equipment revenue fell
from $71.1m the prior quarter to

$54.9m, but exceeded the high end
of guidance by $4m. "Our customers
did not over-spend for capacity
during previous peak periods, so
we did not see a marked correction
for excess capacity, as some
industry analysts had predicted,”
says Kulicke. Gold wire revenue
rose (from $52.1m and $75.3m the
prior quarter to $80.4m).

So, despite the Equipment segment
maintaining a gross profit margin of
43.1%, higher gold metal cost cut
total gross profit margin by 1.5% to
24.2%. Despite the 12th sequential
quarter of profitability, net income
was down from $20.6m to $9.3m.

For fiscal 2006, revenue rose from
fiscal 2005's $475.5m to $696.3m,
and income from $33.3m to $73.4m.

For the December quarter, K&S
expects lower gold metal sales and
a further drop in wire bonder sales
to yield revenue of $140-150m
(including about $7m in two months
of Alphasem die bonder revenue).
www.kns.com
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Record-efficiency nonpolar
and semipolar GaN LEDs

Researchers at the Solid State
Lighting & Display Center (SSLDC)
of University of California, Santa
Barbara (UCSB) and the Japan Sci-
ence & Technology Agency’s
Exploratory Research for Advanced
Technology program (JST ERATO)
have set new records for external
guantum efficiency in LEDs based
on nonpolar and semipolar orienta-
tions of gallium nitride.

For standard sizes (300um x
300um) and operating current
(20mA), the new nonpolar LEDs
have an external quantum efficiency
of 41% and radiant powers as
high as 25mW,; the semipolar LEDs
exhibit external quantum efficiency
of 30% and radiant powers as
high as 18mW.

Blue light emission from GaN. Photo
© 2006 Randall Lamb (UCSB).

The polarized light emission should
enable a new class of light sources
and will be useful in applications
such as the backlights of liquid crys-

tal displays, since the polarized light

emission from nonpolar and semi-
polar LEDs does not necessitate a

polarizing filter (unlike conventional
LEDs). The commercial applications
of non-polar LEDs also include pro-
jection televisions, medical imaging
and general illumination.

The groups, led by professors Shuji
Nakamura (formerly of Nichia),
Steve DenBaars and James Speck,
have also achieved conventional c-
plane LEDs with external quantum
efficiencies of 66% and power out-
put of 35mW. These have been
used to make white LED lamps with
a luminous efficacy of 116Ilm/W
(more than both incandescent
bulbs and fluorescent lamps).

Funding for the research was
jointly provided by JST ERATO and
the SSLDC’s member companies.
www.ssldc.ucsb.edu

BluGlass boosts team to prepare for commercialization

BluGlass Ltd of Sydney, Australia,
which was spun off from Macquarie
University in June 2005 and raised
$7.7m in an initial public offering
this September, has appointed
three industry specialists to assist
in developing and commercializing
low-cost gallium nitride-on-glass
manufacturing technology (which it
demonstrated on 4-inch substrates
in November),

Alistair Mitchell has been appointed
Operations and Project Engineer,
Dr Nancy Lumpkin becomes Opera-
tions Engineer, and Stuart Craig
joins the firm as Business Develop-
ment Manager.

Craig brings experience in driving
commercialization in high-technol-
ogy industries, including as CEO of
Sydney-based epiTactix Pty Ltd,
which was spun off from Australia's
Commonwealth Scientific and
Industrial Research Organisation
(CSIRO) in 2004 and develops
compound semiconductor devices,
low-cost wafer fabrication

processes and custom ICs for radio
systems. Craig has been responsi-
ble for the structuring of a number
of start-ups, says BluGlass.

Lumpkin has more than 25 years
experience in the start-up of semi-
conductor device production plants
and was a key member in the
establishment of another Australian
semiconductor fabrication facility
(including developing and fabricat-
ing HEMTs and HEMT-based ampli-
fiers at the CSIRO GaAs IC Facility).
She specializes in process design
and training.

Mitchell has more than 20 years
experience in the semiconductor
industry, specializing in the devel-
opment of process efficiencies,
specifically in minimizing environ-
mental impact while maximising
cost efficiencies. Mitchell has estab-
lished several pilot- and commer-
cial-scale technology development
and manufacturing plants, and has
authored two patents for semicon-
ductor device processes.

"These appointments bring to Blu-
Glass a unique skill set that will be
instrumental in the set up and run-
ning of the BluGlass pilot manufac-
turing plant,” says CEO David
Jordan. "Part of the process of
achieving the full potential of our
technology is to build a powerful and
robust professional team,” he adds.
® Macquarie University has given
BluGlass its Commercial Innovation
Award. The research team, led by
Dr Scott Butcher, was recognized
for inventing its GaN process.

"The award represents not only
the commercial potential of the
invention, but also its potential to
reduce greenhouse gas emissions
through the use of GaN-based
energy-efficient lighting”, says Jor-
dan. It also congratulates the team
responsible for driving the com-
mercial strategy, he adds.

The award was judged on inven-
tiveness, exploitation, and align-
ment with community values.
www.bluglass.com.au
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Reduced-bowing GaN on
sapphire-on-AlN substrates

Sandia National Laboratories has
demonstrated the growth of GaN
structures on the A-Sapph
sapphire-on-AIN substrates of
Aonex Technologies Inc, a majority-
owned subsidiary of Arrowhead
Research Corp of Pasadena, CA, USA.

Aonex was founded in 2004 by
chief scientific officer Harry Atwater
(the Howard Hughes professor of
Applied Physics and Materials Sci-
ence at Pasadena-based California
Institute of Technology). Aonex has
an exclusive license to a suite of
intellectual property developed at
Caltech.

Aonex claims its substrates provide
a way to cut the manufacturing cost
of III-nitride LEDs via production on
larger-diameter substrates,
simplifying the fabrication of more
efficient vertical LEDs, and increas-
ing process uniformity and yield.

A-Sapph substrates consist of a
thin layer of single-crystal sapphire
(less than 500nm thick) bonded to
a polycrystalline AIN support sub-
strate. This offers an industry-
standard sapphire growth surface
(in either c- or r-plane sapphire
orientations) suitable for growth of
epilayers by MOCVD or HVPE.

The AIN substrate is subsequently
removed due to its undesirable
optical properties.

Sandia grew GaN on both A-Sapph
and bulk sapphire reference sub-
strates using MOCVD. It then char-
acterized the GaN using an x-ray
diffraction (XRD) defect estimation
technique developed at Sandia.
This indicates that GaN grown on
A-Sapph substrates has a defect
density within 60% of that grown
on the bulk reference. Ongoing
efforts at Aonex to optimize the
growth surface of the A-Sapph sub-
strate are focused on achieving
GaN quality that meets or exceeds
GaN grown on conventional sap-
phire substrates.

www.semiconductor-today.com

XRD also showed that the GaN
grown on A-Sapph substrates had

reduced resid-
ual strain rela- GaN grown on

tive to GaN A-Sapph has a

gro:\fn OT con-  defect density

;ﬁ;‘r:’"a S8P” within 60% of

substrates.  that grown on

Unlike conven- the bulk

tional sapphire reference...

substrates, the

A-Sapph sap- and reduced
residual strain

phire-on-AIN
substrate has relative to GaN

a coefficient of

thermal grown on
expansion conventional
(CTE) thatis sapphire
nearly identi- substrates

cal to the GaN

epilayers of the device structure,
reducing substrate bowing during
device growth. This verifies that the
substrates can address the pro-
cessing challenges encountered
with GaN growth on conventional
sapphire, claims Aonex. This could
result in higher-yield post-growth
device processing, especially for
HEMTs or other device structures
where submicron features are

desired. 2= x
Also, A-Sapp III-mt_rlde
substrates materials on

offer substan- A-Sapph
tially higher substrates

thermal con- =
ductivity than have sufficient

bulk sapphire, optoelectronic
which may sig- performance

nificantly :
improve to fabricate

growth unifor- LED devices
mity through

improved substrate temperature
uniformity, says Aenox.

Reducing wafer bow via these
improved thermal characteristics
could enable the scaling of high-
yield GaN device production to

much larger-diameter wafer diame-
ters, correspondingly reducing pro-
duction cost for GaN-based
optoelectronic devices. Aonex cur-
rently uses 2" substrates, but its
long-term goal is 4" in diameter.

Sandia also grew 430nm InGaN
multi-quantum well (MQW) struc-
tures on both substrates. Compara-
ble photoluminescence intensities
indicate that III-nitride materials
on A-Sapph substrates have suffi-
cient optoelectronic performance to
fabricate LED devices, says Aenox.
Efforts are currently underway to
fabricate functional LEDs for addi-
tional characterization. Aonex says
it has also designed A-Sapph sub-
strates to enable vertical LED fabri-
cation without laser lift-off.

In addition to A-Sapph, Aonex
also offers A-Gal substrates, which
consist of thin layers of single-crys-
tal GaN bonded to a polycrystalline
AIN support wafer. A-GaN sub-
strates offer a lower-cost alterna-
tive to bulk GaN wafers for devices
such as blue-violet laser diodes and
high-brightness blue and white
LEDs, claims Aenox. The market for
A-GaN substrates is more near-
term than that for A-Sapph sub-
trates, says Aonex’s president Sean
Olsen.

Aonex is currently sampling its
substrates to select device and
wafer manufacturers.
® Aonex also has a research pro-
gram developing substrates for the
solar industry. “For photovoltaic
devices, we transfer layers of Ge
and InP onto silicon support sub-
strates,” says Olsen. "We also look
to layer transfer to integrate non-
lattice-matched materials for high-
efficiency, multi-junction cells.

However, the solar effort is sec-
ondary compared to that for nitride
products, for which there is "more
near-term demand”, says QOlsen.
www.arrowheadresearch.com

semiconductorTobAY compounds & AdvancedSilicon = Vol. 1 s Issue 6 = December 2006/ January 2007



22 News: Research (Zn0O)

Pyramid ZnO electrode doubles
GaN LED light extraction

Researchers led by Shuji Nakamura
and Steven P. DenBaars at the Uni-
versity of California, Santa Barbara,
supported by the Solid State Light-
ing and Display Center (SSLDC),
have reported ‘Hexagonal pyramid-
shaped light-emitting diodes based
on ZnO and GaN direct wafer bond-
ing” (Murai et al, Appl. Phys. Lett.
89, 171116) to improve LED effi-
ciency by fabricating a highly trans-
parent and shaped p-type electrode.

A highly transparent, 500um-thick
n-type ZnO substrate (with an elec-
trical resistivity of 0.2Q2cm) grown
by a hydrothermal method was
wafer bonded directly to a III-nitride
LED wafer grown by MOCVD on a
sapphire substrate. Then selective
chemical etching with diluted HCI of
the O face of the ZnO wafer formed
an electrode with a truncated
hexagonal pyramid shape about
800um across its base, with faces
formed by the {10-117} plane,
inclined at an angle of about 60° to
the Ga-face c-plane GaN. Ti/Au
contacts were deposited on the
n-type GaN and n-type ZnO to form
the n-pads and p-pad, respectively.

The optical output power of the
wafer-bonded LED chip was
evaluated as a function of forward
current under direct current dc
injection using an integrating
sphere and spectrometer system.
Compared to a conventional LED
chip with a thin Ni(5nm)/Au(10nm)
semi-transparent p-type electrode
(fabricated from the same GaN
wafer), the optical output power
was found to be 3.3 times higher at
a forward current of 5mA and 2.2
times higher at a forward current of
20mA. For both LEDs, the junction
area was a hexagon of 0.46mm?.

The peak wavelength of emitted
light was 460nm, emitted mainly
from the truncated hexagonal ZnO
pyramid to air and partially from
the sapphire substrate. So, itis

SEMs of LED chips with: (a) pyramid-shaped ZnO;
(b) thin Ni(5nm)/Au(10nm) p-type electrode.

considered that this transparent and
shaped ZnO electrode is effective
for light extraction improvement.

It is known that, for AlGalnP/GaP
LEDs, the truncated-inverted-pyra-
mid geometry decreases the mean
photon path length within the crys-

p- pad
(a)

[10-11} plane

n-Zn0O
n-pad n- pad
_— o | -

IlI-nitride LED
Sapphire ¢- plane substrate

- 200 pm I
(a) Cross-sectional schematic and (b)
SEM of wafer-bonded GaN LED with
truncated hexagonal ZnO pyramid.

tal, reducing the
effects of internal
loss mechanisms.
The ZnO wafer-
bonded LED is
therefore consid-
ered to have a light
extraction efficiency
advantage over
conventional LEDs
due to a reduction
of internal light
reflections and
absorption at the
p-type electrode.
The external quantum efficiency
(EQE) as a function of forward cur-
rent was much higher at relatively
low current (4.3 times higher at
1mA) than that of the conventional
LED. However, it decreased at
higher current compared to the
conventional LED, which saturated.
Imperfect wafer bonding in some
places may be causing inhomo-
geneity in the current density at
the ZnO/GaN interface and there-
fore in the accompanying additional
heat generation. Heat generation
near the active layer can decrease
the internal quantum efficiency,
which can cause a decrease in EQE.
However, the EQE values at low
current injection indicate room for
improvement at high current, the
researchers say. Improvement of
the wafer bonding process should
solve this problem, it is reckoned.
The current-voltage characteristic
exhibited good rectification, with a
threshold voltage of around 3V,
despite the additional GaN-ZnQ pn
junction. In the forward bias volt-
age region, the series resistance
was about 90Q2 (compared with
130 for the conventional LED), due
mostly to the wafer-bonded inter-
face. This will be decreased by
improving the device fabrication
process, say the researchers.
www.ece.ucsb.edu
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First p-type ZnO nanowires
could lead to cheaper LEDs

Funded by the US Office of Naval
Research (ONR-nanoelectronics),
the National Science Foundation,
and Sharp Labs of America,
scientists at University of California,
San Diego, in collaboration with
Peking University's Electron
Microscopy Laboratory, have
reported the synthesis of the first
high-quality p-type zinc oxide
nanowires (‘Rational Synthesis of
P-type Zinc Oxide Nanowire Arrays
Using Simple Chemical Vapor
Deposition’, Xiang et al, Nano
Letters; doi: 10.1021/nl062410c).
Their use of a simple, low-cost ZnO
CVD growth technique could pave
the way for a new type of LED that
could be less expensive than current
blue, green and white LEDs fabri-
cated using more costly GaN-based
materials and the MOCVD growth
technique, it is claimed.

For years, researchers have been
able to make electron-rich, nega-
tively charged n-type semiconduct-
ing ZnO nanowire crystals, but
have not been able to make the
hole-rich, positively charged p-type
semiconducting ZnO nanowires
that are also needed to form pn
junctions in many electronic and
optoelectronic devices, including
LEDs. "ZnO is a wide-bandgap
semiconductor, and generating
p-type doping impurities that
provide free holes is very difficult
— particularly in nanowires,” says
Deli Wang, who is the senior author
of the paper and an electrical and
computer engineering professor in
UCSD’s Jacobs School of Engi-
neering.

Previously, p-type conduction in
ZnO0 thin films has been demon-
strated and ZnO thin-film LEDs
have been fabricated. But using
Zn0 nanowires rather than thin
films could be less expensive and
lead to more efficient LEDs, reck-
ons Wang. "ZnQO nanostructures are

1 S ELTIF

SEM image of p-type ZnO nanowires. N.B The blue
color has been added. (Photo: Deli Wang/UCSD)

incredibly well studied because
they are so easy to make,” he adds.

To make the p-type ZnO nanowires,
the scientists

p-type doping

doped ZnO ! 4
crystals with 1IN NANOWIres
phosphorus.  could make
Adding phos- ooy plementary
phorus atoms .
tothe zno £ZN0O hanowire

crystal struc- transistors

ture leads to possible

p-type semi-

conducting materials through the
formation of a defect complex that

High-resolution TEM image of ZnO:P
nanowires: high-quality single crystal
with clean and smooth surface, with
no amorphous layer coating.

increases the number
of holes relative to the
number of free elec-
trons. The starting

¥ materials and CVD

8l manufacturing costs
for ZnO LEDs are far
less expensive than
those for MOCVD-
grown GaN-based
LEDs. In future, Wang
expects to cut costs

il even further by mak-
ing p-type and n-type
Zn0 nanowires from
solution.

Wang has filed a
provisional patent for
p-type ZnO nanowires. His lab is
currently working on a variety of
nanoscale applications. "Now that
we have p-type ZnO nanowires, the
opportunities for LEDs and beyond
are endless,” he says. "Zn0O is a
very good light emitter. Electrically
driven ZnO single-nanowire lasers
could serve as high-efficiency
nanoscale light sources for optical
data storage, imaging, and biologi-
cal and chemical sensing,” adds
Wang.

Having both n- and p-type ZnO
nanowires — complementary
nanowires — could also be useful in
a variety of applications including
transistors, spintronics, UV detec-
tors, nanogenerators, and
microscopy. Transistors that rely on
the semiconducting properties of
ZnO are now on the horizon:
“p-type doping in nanowires could
make complementary ZnO
nanowire transistors possible,” says
Wang. In spintronics applications,
p-type ZnO nanowires could be
used to make dilute magnetic semi-
conductors by doping ZnO with
magnetic atoms, such as man-
ganese and cobalt, he adds.
http:/ /pubs3.acs.org/acs/journals/d
oilookup?in_doi=10.1021/nl062410c
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Cree extends patent
litigation against
BridgeLux

LED chip maker Cree Inc has
expanded its patent litigation
against BridgelLux of Sunnyvale,
CA, USA (which was founded in
2003 as elite Optoelectronics Inc)
with claims of infringement of
US patents 6,614,056 and
6,885,036 (both of which are
titled *Scalable LED With
Improved Current Spreading
Structures’).

The |atest litigation is a counter-
claim in response to BridgelLux's
complaint filed in October in the
US District Court for the Eastern
District of Texas alleging infringe-
ment of BridgelLux’s US patent
6,869,812 (see October/Novem-
ber issue, page 29). This fol-
lowed Cree’s initial claim filed in
September alleging infringement
by BridgelLux of Cree's US
patents 6,657,236 and
5,686,738 (‘Enhanced Light
Extraction in LEDs through the
Use of Internal and External
Optical Elements’ and *Highly
Insulating Monocrystalline Gal-
lium Nitride Thin Films’) — see
September issue, page 19.

In addition to seeking an
injunction to stop on-going
infringement, Cree has now also
requested a declaration that
BridgeLux's 6,869,812 patent is
invalid over Cree’s earlier patents
6,614,056 and 6,885,036.

BridgelLux's 6,869,812 patent
relates to a structure for elon-
gated geometry, which is the
basis of its BSV Series side-view
LED chip product line for thinner
mobile displays, launched in
October (see November/Decem-
ber issue, page 22).

Cree is also seeking a declara-
tion that BridgeLux’s patent is
not infringed and that it is unen-
forceable due to fraud and/or
inequitable conduct committed
before the US Patent Office.
WWW.cree.com
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Cree cuts forecast on
lower LED chip sales

Due to lower-than-expected orders
for LED chips for mobile phones,
Cree Inc of Durham, NC, USA has
cut its revenue forecast for fiscal
Q2/2007 (to 24 December) from
October’s forecast of $105-109m to
$90-92m (down from $103.9m last
guarter and $105.6m a year ago).
Cree also forecasts gross margin
of 34-35% (down from 41% last
guarter and 49% a year ago). This
is mainly due to lower factory uti-
lization associated with the fall in
LED chip orders, increased pricing
pressure for LED chips, and higher
start-up costs related to new prod-
uct lines. Cree continues to expect
operating expenses of about $28m.
"The LED chip market remains
challenging, particularly for our
mid-brightness products in mobile

applications,” said chairman and
CEO Chuck Swoboda. "Despite the
slowdown in the LED chip business,
we are pleased with the growth in
new product sales from our recently
introduced lighting-class XLamp
power LEDs [designed for use in
outdoor lighting, industrial lighting,
and emergency vehicles] and our
ability to attract a global distributor
such as Arrow Electronics,” he
adds. "These are important steps in
our long-term strategy of growing
the company through increased
sales of higher-value components.”

Based on its preliminary outlook
for its Q3, Cree says its LED chip
business will be in a similar range
to Q2, with incremental growth
coming from new product lines.
Www.cree.com

Cree XLamp LEDs used in flashlights

Cree’s XLamp 7090 XR-E Series of
power LEDs (launched in October)
has been chosen as the light source
for new models of handheld
flashlights by two US manufacturers:
SureFire LLC of Fountain Valley, CA
and ASP Inc of Appleton, WI (for its
high-precision Triad flashlights for
law enforcement and military use).

The new white XR-E Series LEDs
produce typical luminous flux of
80Im at 350mA (an efficacy of
70lm/W). High brightness and effi-
ciency are critical for battery-pow-
ered, portable lighting applications,
says Cree. XR-E Series LEDs also
produce the high-quality, uniform
white light required, it adds.

"XLamp LEDs measure 40%
brighter and 50% more efficient
than other LED solutions,” says
SureFire’s founder and president
John Matthews. "They are easy to
design into our new flashlight mod-
els and provide a pure, brilliant
beam of light...we are able to

SureFire
flashlights
(photo: Cree).

design LED flashlights with far
longer battery life,” he adds.

"Our customers literally stake
their lives on the performance of
our lighting products,” says ASP’s
CEO Kevin Parsons. "Our new Triad
product line is now a unique new
class of high-performance, high-
reliability safety flashlight.”
® In November Cree signed a
global distribution agreement for its
high-power packaged LED products
to be sold and supported by Arrow
Electronics Inc, a "milestone in our
strategy to grow global sales, mar-
keting and distribution capabilities,”
said Bob Pollock, senior VP of sales.
www.surefire.com
www.asp-net.com
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Noctron aligns with Chinese
solid-state lighting manufacturer

After presenting prototypes of its
patent-pending Noctrix and Noctrel
high-power LED solid-state lighting
technology during the Luxembourg
Trade Mission to the People’s
Republic of China in September, at
the end of November Luxembourg-
based Noctron SARL (which was
founded in 2005 and develops digi-
tal night vision, LED and optical fil-
tering technology) signed a
Memorandum of Understanding
with a major Chinese solid-state
lighting (SSL) manufacturer.
Noctron was offering Chinese man-
ufacturers a joint venture (including
internationally recognized intellec-
tual property rights for worldwide
production and distribution) as a
corner-stone of its strategy for com-
petitively entering the international
marketplace. But Noctron is cur-
rently evaluating whether a partner-
ship or a take-over is best. “Noctron
is open for both scenarios, but we
are in favour of being taken over by
the right company, since this
speeds up the process of bringing
our newest invention in large quan-
tities to market”, said Paul Moody,
director of business development.
Noctron holds the intellectual
property rights for Noctrel, which it

Noctron’s Noctrel SSL element.

claims is the first encapsulated
high-power solid-state light element
providing double-sided light output
like an incandescent light bulb. This
first true transparent solid-state
lighting element can be used in
almost any light fixture designed for
360 degrees light emission.

Together with Chinese manufac-
turing resources, Noctrel could be
produced and supplied in large
quantities this year at a competitive
price, initially to China and later to
the rest of the world.

“We will offer our element at a
price that allows the final Noctrel
light bulb to compete with most of

the fluorescent light bulbs in the
stores,” reckons managing director
Frederic Tonhofer. “"For 2007 we
plan a test run of around 10m light
bulbs with the Noctrel element, after
that we will get serious.” Moody
adds, "In mass production by 2008,
we are confident of manufacturing
our basic Noctrel element for only
€0.10 a piece”. This, he reckons,
will “shake-up the industry”,

For China, this could be a fast and
revolutionary way to partly solve
their primary resource problem —
energy consumption. “If only half of
China’s residents replace one incan-
descent light bulb with a Noctrel
bulb, we are looking at an immedi-
ate demand of 650m units,” says
Richard Witter, head of marketing,
adding "...there are not many
households with only one light bulb.”

Noctrix is a multi-chip white high-
power LED element. Using a com-
mon phosphor mix, light output was
200Im at a drive current of 350mA
and forward voltage of 10V (3.5W),
i.e. a luminous efficacy of 60Ilm/W.
However, using Noctron’s patent-
pending phosphor-crystal mix
increases output by at least by 10%,
says Tonhofer.
www.noctron.com

SDK ramps red/orange/yellow AlGaInP HB-LED capacity

To meet growing demand for use in
LCD backlighting and automotive
parts, Tokyo-based chemicals man-
ufacturer Showa Denko K.K. (SDK)
is investing about ¥1.5bn (about
$13m) to increase production
capacity of its AlGalnP red, orange
and yellow ultra-bright LED chips
from 30m to 100m units per month
between February and Q3/2007,
focusing on expanding MOCVD
reactor epiwafer capacity, chip-
making facilities, and cleanrooms.
While AlGalnP ultra-bright LED

www.semiconductor-today.com

chips are mainly used in displays,
automotive parts and traffic lights,
development is underway for appli-
cations such as LCD backlighting
and light sources for sensors (e.g.
in auto-focusing digital camera),
says SDK. The AlGalnP ultra-bright
LEDs market is expected to grow at
an annual rate of about 40% over
the next five years, it adds.

SDK says it is seeing a sharp
increase in the amount of orders it
is receiving from overseas cus-
tomers, and expects more to start

using its product from this year
onwards. The firm aims to expand
its ultra-bright LED business as a
new ‘growth driver’ by developing
brighter chips for LCD backlighting
and automotive applications such
as car headlights, and accelerating
development for general lighting.
Currently, SDK aims to sell LEDs
worth ¥2bn (about $17.3m) in
2007, and double that in 2008
following completion of the
expansion.

www.sdk.co.jp

semiconductor TODAY Compounds& AdvancedsSilicon = Vol. 1 s Issue 6 » December 2006/ January 2007



Record 240Ilm from

single-die white LED

Seoul Semiconductor Co Ltd (SSC)
has launched the P4 LED, which
emits a luminosity of 240lm at 1A
(its maximum drive current), and
offers what it claims is the industry’s
highest luminous efficacy (100lm/W
at 350mA) with just a single die.
This makes the P4 brighter and
more cost-effective than both con-
ventional incandescent lighting
(15Im/W) and fluorescent lighting
(70Im/W), the firm claims.
“Conventional LEDs have been
known to emit more than 100Im
with several dies. Seoul Semicon-
ductor's P4 is the only LED product
in the world with 240Im via a single
die,” claims CEO Jung Hoon Lee.
SSC says the P4's the luminosity,
as well as the reliability characteris-
tics needed to meet thermal man-
agement requirements, are
achieved through patented phos-
phor and packaging technologies.
The P4 is available in two types
with different typical efficacies at

P4 gives 240Im from a single die.

350mA (80lm and 100Im) and is
designed for operation in a wide
variety of lighting applications and
industries, including automotive,
torches, LCD TV monitor back-lights,
projectors, home appliances, traffic
signals, mobile phone flashes, street
lights, decorative and architectural
lightings, and general illumination.
SSC says it plans to improve the
P4’s luminous efficacy to 135Im/W
in 2007 and 145Im/W by the first
guarter of 2008 (more than double
the efficiency of standard compact
fluorescent lighting).
www.seoulsemicon.com

Nichia’s record 150lm/W white LED

Japan’s Nichia Corp has developed
a lamp-type white LED (part no.
NSPWR70) with an efficacy of
150Im/W (a luminous flux of 9.4lm)
and a color temperature of 4600K at
a drive current of 20mA in the lab.
The prototype is packaged in the
same lamp-type package used for
Nichia’s high-flux lamp-type LED.

The efficacy is 11.5 times that of
an incandescent lamp (13Im/W),
1.7 times that of a three-wave-
length fluorescent lamp (90Im/W),
and even better than a high-pres-
sure sodium lamp (132Im/W),
regarded as the highest-efficacy
conventional light source.

In March Nichia developed 100Im/W
white LEDs (and shipped samples in
August). In June rival Cree reported
a white LED chip delivering 131Im/W
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Nichia’s 150lm/W lamp-type LED.

at 20mA, then in November Nichia
raised the record to 138Im/W.
Nichia's 150lm/W LED has been
developed sooner than the 2007
timescale targeted on its develop-
ment roadmap. The product has
not yet been scheduled for com-
mercial release.
www.nichia.co.jp

|26 News: LEDs

Nichia loses
Korean design
patent rights for
side-view LED

The Korean Intellectual Property
Office (KIPO) has ruled that Korea's
Baron Tech Co Ltd has won its
‘Design Patent Invalidation’ trial
against LED maker Nichia of Japan,
and has invalidated Nichia's Korean
Design Patents for a side-view
white LED used in LCD backlighting
for mobile phones, PDAs, digital
cameras, and navigation devices.
Nichia had been supplying about
$0.2bn worth annually to Korea.

However, before the ruling, Nichia
concluded that maintaining its
design patent would be difficult
under Korea's unique design patent
system, and on 1 December aban-
doned the patent.

The patent has the same design
as the patent for which Nichia filed
a lawsuit in January 2006 in the US
district court for Northern California
against Seoul Semiconductor Co Ltd
(SSC), Korea's biggest LED maker
and one of the top 10 globally, and
its US subsidiary Seoul Semicon-
ductor Inc, as well as against Cre-
ative Technology Ltd and its US
subsidiaries Creative Holdings Inc
and Creative Labs Inc, which had
sold products incorporating S5C's
LEDs. However, in late November
Nichia settled the design patent
litigation with Creative, while con-
tinuing the litigation against SSC.

SSC says that the ruling re-estab
lishes fair market competition in
the LED industry and strengthens
SSC's presence in the backlighting
LED industry. SSC also claims that
the ruling could have an impact on
their lawsuit and on litigation else-
where. But Nichia has rebutted
this. Because the ruling is based on
Korea's unique design patent sys-
tem and procedural requirements,
it will not impact the validity of
foreign counterparts in the US,
Taiwan, Japan or China, where such
circumstances do not exist, says
Nichia.
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DOE study sheds light on
commercial LED lamp efficacies

A pilot test of four LED lamps by the
US Department of Energy’s solid-
state lighting (SSL) Commercial
Product Testing Program (launched
last October) has found that they all
fall short of claimed light outputs.

During the program development
phase, the pilot tests examined two
‘downlights” (a spotlight typically
recessed into a ceiling) as well as a
task light and an under-cabinet light.
The four different products were
chosen to represent a range of
applications, designs, and manu-
facturers. The LED makers claimed
lighting efficacies of 36-55Im/W,
but the pilot test found efficacies of
11.6-19.3Im/W, placing them
below compact fluorescent lamps
(CFLs) in lighting efficacy.

The study suggests that manufac-
turers are relying on measurements
of how much light an isolated LED
produces rather than how much an
LED lamp actually delivers. However,
the results show that traditional
lighting performance metrics
(mainly based on lamp efficacy, not
overall luminaire efficacy) do not
provide an adequate indication of
an SSL luminaire’s performance; it
is inappropriate to suggest that a
high LED luminous efficacy (lamp
efficacy) indicates that a luminaire
using those LEDs has high efficacy.
It could therefore be misleading if
lamp efficacy is used to compare
the light output or energy efficiency
of an SSL product to a product
using another light source, says the
DOE. Lamp efficacies should not be
used in luminaire product literature
to indicate luminaire performance
at this time, it stresses.

Nevertheless, measures of LED
efficacy can be useful for manufac-
turers to evaluate the performance
of available lamp components, the
DOE adds. Developers of individual
LEDs are achieving significant gains
in efficacy. In October Cree Inc said

www.semiconductor-today.com

The DOE SSL Commercial Product
Testing Program aims to:

® guide DOE planning for SSL R&D
and commercialization support
activities, including ENERGY STAR
program planning;

@ support DOE technology pro-
curement activities and associated
technology demonstrations;

@ provide objective product per-
formance information to the public
in the early years, helping buyers
and specifiers have confidence
that new SSL products will per-
form as claimed;

® guide the development, refine-
ment, and adoption of credible,

that, with funding from the DOE, it
had developed a white-light LED
that produces up to 85Im/W and can
output up to 160Im. White LEDs
have since been demonstrated with
luminous efficacies of over 100Im/W
by Seoul Semiconductor (the P4,
launched in early December) and
150Ilm/W by Japan’s Nichia in mid-
December. By 2025, DOE's goal is
to achieve 160Ilm/W in cost-effec-
tive, market-ready, solid-state
lighting products.

Since SSL technologies are under-
going rapid change and improve-
ments, products arriving on the
market exhibit a wide range of per-
formance, the DOE says. Industry
groups, standards setting organiza-
tions, and the DOE are therefore
moving to develop the standards
and test procedures needed for SSL
products. In the meantime, manu-
facturers could knowingly or
unknowingly take advantage of the
novelty of SSL, of the public’s lack
of familiarity with it, and of the lag
in appropriate standards and rules
to promote products as energy effi-
cient, whereas in fact they perform
more poorly than incandescent or
fluorescent lamps, the DOE warns.

standardized test procedures and
measurements for SSL products.
DOE supports testing of a wide,
representative array of SSL prod-
ucts available for general illumina-
tion, using test procedures under
development by standards organi-
zations. Guidelines for selecting
products for testing ensure that the
overall set of tests provides: insight
on a range of lighting applications
and product categories; a range of
performance characteristics; a
mix of manufacturers; a variety of
LED devices; and variations in
geometric configurations that may
affect testing and performance.

Until standards and testing proce-
dures are established and rulings are
adapted to account for particularities
of SSL technologies, industry pro-
fessionals should use their vigilance
to help ensure that product per-
formance data is not used mislead-
ingly, the DOE advises, adding that
manufacturers, testing laboratories,
energy experts, and regulators have
a key role in protecting the potential
of SSL. Until SSL technologies and
supporting knowledge mature, any
claims regarding SSL luminaire per-
formance should be based on over-
all luminaire efficacy (i.e. from
testing of the entire luminaire,
including LEDs, drivers, heat sinks,
optical lenses and housing), to avoid
misleading buyers and causing long-
term damage to the SSL market.

Further testing is planned to better
understand the discrepancies seen:
i.e. to gain a clearer understanding
of how to assess the performance
of SSL products compared to those
using traditional light sources; to
identify how different testing proce-
dures affect results; and to clarify
how traditional photometric prac-
tices apply or not to SSL products.
www.netl.doe.gov/ssl
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LED headlamps
enter the spotlight

IN BRIEF

Philips now sole
owner of Lumileds

After buying Agilent’s stake in
their former joint venture in 2005,
Amsterdam-based Philips has
taken full ownership of LED maker
Philips Lumileds Lighting of San
Jose, CA, USA by acquiring the
remaining 3.5% of share capital
from its staff and management.
The 3.5% stake was related to
an employee stock option pro-
gram at Lumileds, which has now
been replaced with an incentive
program. A one-time charge of
about €8m will appear in Philips’
Q4/2006 financial results.

“In the last year we have made
tremendous progress in aligning
Philips” and Lumileds’ business
and strategy to further
strengthen our position in the fast-
growing, emerging solid state
lighting market,” says Theo van
Deursen, CEO of Philips Lighting.
“Philips now owns the entire new
value chain, from technology
expertise to in-depth customer
knowledge, which provides us
with a real competitive edge.”
www.philips.com

Osram sues Citizen in
US over white LEDs

In late November, Munich-based
Osram GmbH (parent company
of Osram Opto Semiconductors
of Regensburg, Germany) filed a
lawsuit in the US District Court in
Wilmington, DW accusing Tokyo-
based Citizen Watch Co of infring-
ing six US patents for white LEDs
used in mobile-phone screen
backlights, cameras and car parts.
Osram asked for a jury trial, an
order to stop use of the inven-
tions, and unspecified damages.
Citizen has continued to show
no respect for Osram’s US patent
rights by importing and selling
diodes based on patents awarded
since 2001, the complaint states.
WWW.0Sram-os.com

Production passenger cars have
have been using LED tail-lights for
about five years, and LED daytime
running lights since 2004: first by
Audi in its high-end A8 model (five
Lumileds Luxeon LEDs) then in 2006
in its S6 and S8, and this year in
the R8 sports car for the USA.

Up to now the higher brightness
demands of LED headlamps have
limited their use to concept cars
(for example, the R8 concept car at
September’s Paris Motor Show). At
the 2007 North American Interna-
tional Auto Show in Detroit, Ford’s
Airstream Concept had an array of
12 LEDs forming each headlamp.
In Mercedes-Benz's Concept Ocean
Drive four-door convertible (based
on the S 600), 35 LEDs (in five
banks), each in its own sheath
(which acts as a 'directional nozzle’
for the light) provide both dipped
and main-beam headlights. Also,
Honda unveiled its Acura ‘Advanced
Sports Car Concept’ (a preview of
the design direction for the Acura
NSX's successor) in which slim LED
headlights mimic the pop-up head-
lights on the first-generation NSX.

Despite LEDs now surpassing the
luminance of halogen bulbs, regula-
tory barriers to use in headlamps in
Japan and and may not be over-
come until 2008. But regulatory
clearance has been gained in the US.

LED headlamps of the Lexus LS 600h L
to be launched in Spring.

Ford’'s
Airstream
Concept
(top);
Mercedes-
Benz's
Concept
Ocean Drive
(middle);
Honda's
Advanced
Sports Car
Concept
(bottom).

So, in the US this spring the Lexus
LS600h L luxury sedan will be
launched as the first series produc-
tion vehicle with LED headlights for
both night-time and low-beam use.
Audi aims to launch LED headlamps
in production after 2007. As costs
approach those of high-intensity
discharge lights, many more cars
are expected to adopt LED head-
lamps in the next few years.

Audi’s Q7V12 TDI gains LEDs

At September’s Paris Motor Show,
Audi unveiled the Q7 V12 TDI
(which has the same V12 diesel
engine that powers Audi’s R10 Le
Mans race car, producing 500hp).
But for its North America debut at
January’s 2007 Detroit Auto Show
the headlights have gained a row
of LEDs, the reverse lights have
been relocated from the stop
lamps into a strip along the

| — 4
bumper, and the center stop lamp
beneath the rear spoiler is now a
string of red LEDs.

semiconductor TODAY Compounds & AdvancedsSilicon = Vol. 1 s Issue 6 = December 2006/ January 2007

www.semiconductor-today.com



News: LEDs 29

Osram LEDs used in Audi RS &
Ferrari daytime running lights

In Audi’s new R8 sports car, 12
Advanced Power TOPLEDs from
Osram Opto Semiconductors are
used in each headlight to provide
high-visibility daytime running
lights that consume far less power
than normal low-beam headlights.
Osram Opto, based in Regensburg,
Germany, claims that the R8 is the
first serial production car with LED
daytime running lights.

The firm says that the introduction
of mandatory daytime running light
in many countries throughout
Europe is giving vehicle manufac-
turers a further opportunity to dif-
ferentiate their products from those
of competitors via unique headlight
designs. Its Advanced Power
TOPLED provides concentrated light
from very small dimensions and
has an edge length of just 500um,
giving stylists the scope to create
imaginative designs. Also, their
high-temperature behavior meets
the stringent requirements of the
automobile industry for this appli-
cation, the firm adds.

Advanced Power TOPLEDs produce
white light via a combination of

.......

Osram Opto’s ThinGaN technology
and chip-level conversion (a yellow
converter sited directly on the blue-
emitting chip — which is not the
case with the usual volume encap-
sulation method). The result is bet-
ter optical efficiency and higher
luminance (18Im at an operating
current of 140mA, ranking between
Osram Opto’s Power TOPLEDs and
Golden Dragon LEDs in brightness).

The LEDs are housed in an SMT
package and can be processed fur-
ther by customers using standard
processes. The Advanced Power
TopLED will be available on the
market with these specifications
from mid-2007.

Daytime running lights: Audi R8 (left & inset); Pininfarina’s Ferrari P4/5 (right).

® After its ENJOY show car and the
Maserati Birdcage 75th concept car,
designer Pininfarina has also used
Power TOPLEDs in the daytime run-
ning lights of its 612 P4/5, a Ferrari
Enzo re-modeled in the style of a
1967 Ferrari 330 P3/4 race car for a
New York-based collector.

Osram Opto says that each head-
light includes daytime running lights
formed by 15 separate, clearly dis-
tinguishable lighting clusters (each
fitted with eight Power TOPLEDs)
that follow the bodywork’s contours
(giving the look of shark’s teeth).
Each LED incorporates a ThinGaN
chip, giving 40lm/W efficiency.
WWW.osrraim-o0s.com

Osram helps VW Chameleon put Microbus in new light

At the AltWheels event in Boston,
in September Volkswagen debuted
the Chameleon concept vehicle, a

refit of a 1964 VW Deluxe Microbus,
produced at its Electronics Research

Laboratory in Palo Alto, CA.

As well as an electric engine and
solar panels (on roof-mounted
surfboards), in collaboration with
Osram both interior and exterior
lighting systems were retrofitted.
This is the first vehicle using LEDs
for all major exterior lighting, and
ohe of the first with LED headlamps.

Each headlamp integrates 24 LEDs:
a horizontal, rectangular bar com-
prises two Osram Joule modules

www.semiconductor-today.com

(each containing five OSTAR LEDs)
for the low beam, plus four Golden
Dragon LEDs for daytime running
lamps; two circular projectors
each contain a Joule module (a top
projector to boost the low beam; a
bottom projector for the high beam).

Unlike conventional headlamps, the
forward beams have no reflectors
(the advent of clear lenses requires
near-perfect reflector quality).

Both front and rear turn signals
are lit by Advanced Power TOPLEDs:
amber reflector-optic Joule mod-
ules (front) and a red direct-view
light-guide optic system (rear).

Cabin lighting comes from a single
White OSTAR Lighting unit (four
co-packaged LEDs) via a flexible
fiber-optic bundle. The LCD instru-
ment panel is lit by TOPLEDs via a
light guide assembly.

Osram is developing LED head-
lights similar to the Chameleon’s.
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|30 News: Optoelectronics
Red RPTV laser arrays hit 1.5W

Novalux Inc of Sunnyvale, CA, USA
says it has delivered red 1.5W
Novalux extended-cavity surface-
emitting laser (NECSEL) prototypes
to key consumer electronics partners.
The 1.5W output is twice the power
of the first red NECSEL arrays
(demonstrated at the end of August)
putting Novalux on track to produce
RGB (red/green/blue) NECSEL lasers
for integration into high-definition
(HD) projection TVs, Novalux says.
“Reaching 1.5W with our red
NECSEL arrays is a significant step
toward our goal of shipping RGB
lasers that produce 3W per color for
our initial product,” said VP of mar-
keting Greg Niven. Novalux doubled
the power output of its prototype
465-532nm blue and green arrays
to the targeted 3W in late August.
“We've been able to apply what we
learned with that product develop-
ment to our red technology,” Niven
said. "Customers want all-NECSEL
RGB devices for incorporation into
laser-based home theater systems.
Now that we've met the target with
green and blue, red isn't far behind
and will soon be at the same level...
We are on track to deliver all-NECSEL
RGB sources to our consumer elec-
tronics partners for integration into
HD laser TVs for Christmas 2007."

NECSEL laser structure (PPLN =
periodically poled lithium niobate;
VBG = volume Bragg grating).

NECSEL-based laser TV offers
advantages over competing display
technologies, such as plasma and
UHP lamp-based projection TV,
Novalux claims. "Plasma especially
has momentum in the over-50"
big-screen marketplace, but
NECSEL laser TVs offer twice the
color gamut with one quarter the
power consumption,” claims Niven.
“Plasma TVs consume about 1kW
of power, so a US consumer could
save around $300 per year in
electricity cost alone by buying a
laser TV.”

Early prototype NECSEL-based
RPTVs were first introduced at the
2006 Consumer Electronics Show
and showed expanded color gamut
and striking image contrast over
competing display technologies.
The latest prototypes, shown at the
Society for Information Display 2006
event, demonstrated higher-bright-
ness, color-balanced, speckle-free,
high-definition images on 52"
screens. Ultimately, Novalux aims
to enable home theater systems
with over 200% of NTSC color cov-
erage, high-brightness, high-reso-
lution images, a thin, wide viewing
angle architecture, and unsur-
passed light source lifetime.

All-NECSEL RGB sources provide
desirable wavelengths, increase
display performance, and allow
lower system cost, Novalux claims.
Specifically, red NECSEL arrays can
produce 615-625nm light, match-
ing existing TV-screen phosphors;
competing red edge-emitter lasers
can only reach 635nm and have
poor lifetime. Also, the same type of
laser emits each of the three colors
with the same device parameters.
This uniformity results in simpler,
cost-efficient laser integration from
drive electronics to imaging optics.
www.novalux.com

Green lasers power miniature projection displays at CES

After collaborating since last July,
at the 2007 International Consumer
Electronics Show in Las VVegas,
Microvision Inc of Redmond, WA,
USA demonstrated a prototype
miniature full-color projection dis-
play using Integrated Photonics
Modules that incorporates
Novalux's latest green NECSELs,
Microvision develops high-resolu-
tion displays and imaging systems
based on proprietary silicon micro-
mirror technology, with appli-
cations in consumer, medical,
industrial, professional and mili-
tary products. Its ultra-thin Pico
Projector (PicoP) is small enough

to be embedded in portable hand-
held devices, including mobile
phones.

“We mobilized our internal devel-
opment efforts to accelerate the
maturation of the NECSEL green
laser technology optimized for
such applications,” said Novalux's
CEO Jean-Michel Pelaprat. “"Ultra-
thin miniature projectors represent
one of the most exciting market
opportunities for low-power, low-
cost green lasers, and we are
ramping up our internal invest-
ment in anticipation of growing
market demand.”
www.microvision.com

® Novalux has also licensed its
RGB laser reference design for
NECSEL-based illumination devices
to Young Optics Inc, an affiliate of
Coretronic Corp of Hsinchu Sci-
ence-Based Industrial Park, Tai-
wan, for use in projection display
products. It will also supply Young
Optics with NECSEL chips.

Young Optics will mass-produce
and sell NECSEL laser modules, and
integrate them into its OEM projec-
tion display light engines. Its aim
is to enhance its foothold in mar-
kets such as microdisplay-based
projection TV and video walls.
www.youngoptics.com
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Resonant tunneling
barriers in nitrides

The widening of the application base
for nitride semiconductors from
light-emitting diodes, through laser
diodes to high-power-density
high-electron-mobility transistors has
encouraged researchers to look at
more advanced structures.

Dr Mike Cooke reports on recent work
on GaN/AIN quantum-well-based
resonant tunneling diode structures.

neling diodes (RTDs) are of interest to the semi-

conductor community. First, they can be used to
test and modify models of semiconductor behavior that
take into account quantum effects, such as the enve-
lope approximation based on using effective masses of
carriers. Further, the simple vertical transport structure
that is used is the basis for more complicated, multi-
layer devices using quantum interference effects to
create new intersubband structures and devices (e.g.
guantum cascade lasers and guantum well infrared
photodetectors). Finally, RTDs have a number of inter-
esting device applications of their own.

For example, they are among the limited number of
electronic devices that can reach towards terahertz fre-
guencies, offering possibilities for signal generation,
switching, analog-to-digital conversion and detection.
RTDs maintain their position as the fastest large signal
semiconductor switching device with slew rates as fast
as 300mV/ps [1].

In addition, RTDs can also be used as ‘functional’ logic
devices, combining in one object a number of functions
and creating simpler structures. Possibilities include:
(i) one-transistor static random access memory (pres-
ent-day SRAM generally uses either six transistors or
four transistors and two resistors; the RTD version typ-
ically needs in addition just a field-effect transistor and
a resistor) and (ii) multi-valued memory cells.

The same properties can also be used in combination
with other semiconductor structures for improved per-
formance, such as in the unipolar resonant tunneling
transistor, which has a resonant tunneling double bar-
rier between the emitter and base layers of the device.

There are a number of reasons why resonant tun-
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Figure 1: Schematic of a mesa-type AlAs/GaAs/AlAs
double-barrier resonant tunnelling diode.

One unipolar resonant tunneling transistor can replace
eight MESFETs in providing exclusive-NOR logic func-
tions. Resonant tunneling bipolar and FETs can also be
created. Resonant tunneling is also being considered
for devices that are being developed to supersede
standard CMOS technology, which is due to run out of
steam towards the end of the next decade [2].

Formation of resonant tunneling diodes

Resonant tunneling diodes are commonly formed from
heterostructures consisting of layers of GaAs and AlAs
(Figure 1). For example, the sequence from a GaAs
substrate of GaAs/AlAs/GaAs/AlAs/GaAs presents a
structure where free electrons in the GaAs layers can
exist at energies below the bottom of the AlAs conduc-
tion band. Hence, the AlAs layers act as barriers to
electron transport.

For thin layers, electrons trapped between the barri-
ers can be considered to be approximately confined to
discrete energy levels, as described by a simplistic
guantum-mechanical model of a square-well potential.
Since the barriers are of finite width, these electrons
would tend to leak out via quantum tunneling.
Electrons from outside the well that hit the barrier
structures will largely be reflected, except those within
a very narrow range around the discrete energy levels
of the well, which acts as an electron energy filter.

The thicker the barriers on each side of the well, the
narrower the range of electron energies that the
structure transmits.

www.semiconductor-today.com
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Figure 2: Variations in conduction band energy levels
under (a) zero bias; (b) towards the peak current
where the energy level of the well lines up with
electron states in the emitter; (c) towards the valley
current where the energy level falls below the edge
of the conduction band into the gap; and (d) where
thermionic emission over the barrier begins.

In real electronic applications, electrons have a ther-
mally distributed range of energies. Applying an electric
potential difference shifts the well's energy levels.

As this energy level passes through the peak of the
thermal electron distribution, the current peaks, giving
a distinctive peak and valley appearance to the
current-voltage (I-V) curve (Figures 2 and 3). In the
region where the current I decreases with increasing
voltage V, one has a negative differential resistance
(NDR). Advantages of RTDs include low junction
capacitance due to the relatively low doping levels
compared with other NDR devices such as ordinary
(Esaki) tunnel and transferred-electron devices
(TEDs). This enables cut-off frequencies for RTDs to
encroach on the terahertz range (10**Hz). Standard
applications of the NDR effect include use in ultra-fast
pulse forming, radiation detection and signal genera-
tion systems.

The classic RTDs are built using GaAs/AlAs, InAs/AlSb
or InAs/GaSbh on GaAs or InP substrates, depending on
criteria such as lattice matching. At room temperature,
GaAs/AlAs RTDs typically have peak-to-valley ratios
(PVRs) of around 3, while for InAs/AISb the PVR can
reach 8. However, alternative material systems are
possible, including silicon/germanium and nitride
semiconductors. The attraction of silicon is possible
cost reductions and device integration, while the
GaN/AIN combination offers a large conduction band
offset of 1.8eV, creating the potential for even larger
PVRs and quantum behavior at much higher tempera-
tures than in other III-V systems. Such devices, if
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Figure 3: Sketch showing features sought in I-V
behavior of RTDs.

practical, could offer higher power at a given frequency
or higher frequency at given power, compared with
devices built in alternative systems. Lateral transport
high-electron-mobility transistor devices are already
using the nitride system to produce high-power-
density amplifiers for use in mobile phone base-station
transmitters.

However, the GaN route for vertical transport devices
such as RTDs is beset with some of the usual barriers
in the nitride material system, in particular dislocations
and strong internal spontaneous and strain-related
(piezo) electric fields. The result is that RTDs with
AIN/GaN double barriers have yet to demonstrate the
predicted benefits in terms of peak-to-valley ratios and
current densities. Other vertical devices, such as
quantum well infrared photodetectors (QWIPs) built
using the same techniques, suffer from similar prob-
lems, although paradoxically these more complex
architectures often produce more promising results
than the basic RTD structure. This suggests that much
work needs to be done in comprehending and model-
ing quantum phenomena in the nitride semiconductor
system. For this, understanding the behavior of
simpler structures is vital.

Data from fabricated AIN/GaN RTDs tend to be non-
reproducible. Some propose that the effects that are
seen could also be due to charge trapping rather than
resonant tunneling. Current instabilities are also evident.
Early GaN RTDs were reported by Kikuchi et al [3],
suggesting a massive maximum PVR of 32 in the latter
article. A 3ML (monolayer) GaN quantum well was
sandwiched between 4ML AIN barriers. The contact
layers consisted of n-type silicon-doped GaN. The lay-
ers were grown using plasma-assisted molecular beam
epitaxy (PAMBE) on sapphire (Al,O5). NDR was
reported at 2.4V with a current of 2.9mA (a density of
180A/cm?).
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Bulk GaN
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Figure 4: Schematic (left) and scanning electron micrographs (centre and, magnified, right) of GaN RTD

device investigated by Golka et al [Appl. Phys. Lett., vol. 88, p. 172106, 2006]. The diagram is not to scale.
The MOVPE GaN is 1um thick and doped n-type to achieve a carrier concentration of 5x10**cm™. The silicon-
doped GaN layers also have carrier concentrations of 5x10'%cm™3, The layer thicknesses of the wells and
barriers (not intentionally doped) are 2nm, while the GaN:Si layer above the MOVPE GaN is 150nm thick and
that next to the top contact is 100nm. The SiN, insulator is 300nm thick. The GaN substrate is doped n+ with

a carrier concentration of 5x10cm™3.

This article provoked a comment from Belyaev et al
[4], reporting the finding that peaks found in similar
devices are highly sensitive to the way in which the I-V
measurements are made. In particular, the I-V curve
varied in a series of up-down voltage sweeps. This
behavior prompted Belyaev et al to question the inter-
pretation of Kukushi et al’s I-V curves and a simple
resonant tunneling explanation. Belyaev et al’'s experi-
ments showed a peak from sweeping in the down
direction at around -6V, but no peak in the subsequent
up direction. Moving beyond 0V, a very weak peak is
seen at +5V. The peaks that are seen degraded on
further sweeps through the voltage range. The behav-
jor was attributed to the strong hysteresis and the
degradation to bias-dependent electron trapping,
possibly assisted by strong polarization fields in the
AlGaN system. This multinational group (UK, Ukraine,
Russia, Germany) reported further results in [5].

For their part, Kikuchi et al [6] believed that they had
been misunderstood and stressed that they did not
claim that a simple RTD model could explain their
results due to the presence of a large piezoelectric field
in the system. The next year, Hermann et al [7]
reported a maximum PVR of 8.3.

Further work by Belyaev et al [8] suggests that the
structural quality of GaN heterojunctions and impurity
scattering from doping destroys the momentum con-
servation needed for the successful application of
resonant tunneling. Another factor to be considered is
the higher effective electron mass — some three times
that in GaAs — requiring barriers and wells of about
half the thickness, i.e. ~1-4nm for GaN wells and
~1-3nm for AlGaN barriers. Using these values,
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Belyaev et al produced RTDs on Si-doped GaN/sapphire
substrates, again using PAMBE. The resulting device
has a peak in the I-V curve in the reverse bias direc-
tion. However, sweeping through the I-V curve again
causes the peak to degrade, and is only seen in
sweeping down and not up. The team’s numerical sim-
ulations suggest that the double well becomes asym-
metrical due to the internal electric fields. The resulting
charge structure inhibits resonant tunneling into the
ground quasi-bound state of the well. Tunneling is only
able to occur successfully (in the model) into excited
guasi-bound states. The researchers conclude that the
hysteresis and degradation of the peak is due to bias-
dependent trapping of electrons, possibly in the quan-
tum well after having made one tunneling transition
from the emitter. The resulting charging and discharg-
ing creates nonlinear and unstable current behavior.

Leconte et al [9] studied GaN/AIN/GaN single-barrier
structures (grown using PAMBE) with a view to inter-
subband and RTD devices. Vertical transport through
varying AIN thicknesses (2-20ML, 0.5-5nm) were
compared with simulation results from a self-consis-
tent Schrédinger—Poisson equation solver. Capacitive
measurements suggest that a depletion layer is
formed in the top GaN layer, while a two-dimensional
electron gas forms at the bottom GaN/AIN interface,
even for the 2ML barrier. Photoluminescence experi-
ments support this interpretation, since a signal from
recombination of electrons from the two-dimensional
electron gas (2DEG) into the valence band of the top
GaN layer is identified. Conductive atomic force
microscopy is used to investigate leakage currents.
The density of leakage current dislocations is

www.semiconductor-today.com
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Figure 5: Conduction band diagram resulting from a
self-consistent Schrodinger-Poisson equation solver
without external bias. The ground-state energy is

E, = 0.613eV and the excited state, E,, is at 1.206eV.
(From the 2006 Wide Bandgap Semiconductor
Quantum Structures summer school, Switzerland
presentation by Gottfried Strasser.)

~107cm™2, about an order of magnitude smaller than
the level of dislocations (5x10%cm™). Thicker barriers
result in degradation in behavior that is assigned to
trap-induced phenomena and relaxation of the AIN
barrier layer. Leconte et al see these results as promis-
ing for micron-scale RTD device applications.

RTDs are not the only devices to be affected by dislo-
cations resulting from the 18% lattice mismatch
between GaN and sapphire, Laser dicdes (LDs) built in
the GaN material system on sapphire tend to have
very short reliability lifetimes, on the order of 20 min-
utes. And yet, GaN blue LDs are now entering the mar-
ket in optical disk storage video playback and data
devices. Indeed, Sony released its Playstation3 (con-
taining a Blu-ray laser disk reader) on 11 November in
Japan and 17 November in the USA, and early this
year in the rest of the world. LD commercialization has
depended on abandoning the less expensive GaN on
sapphire or even silicon carbide and using pure GaN
crystal substrates to drastically reduce dislocation den-
sities and thus create realistic LD lifetimes.

Golka et al [10] have performed experiments on
GaN-based RTDs grown on bulk (0001) single-crystal
GaN substrates in order to remove as many disloca-
tion-related effects as possible, such as traps, leakage
and carrier scattering. The latter effect destroys the
quantum coherence needed for the resonant tunneling
mechanism.

In addition to changing the substrate, Golka et al
reduced the diode lateral dimensions from the typical
40-100pm to around 6um. Another change is to move
from AIN barriers to AlGaN with a 70% Al content (Fig-
ure 4). This is designed to reduce lattice mismatches

30

20
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0 1 2 3 4 5
Voltage (V)
Figure 6: Sequence of traces of two GaN RTDs
showing decay of the peak/discontinuity currents.
(From the 2006 Wide Bandgap Semiconductor
Quantum Structures summer school presentation by
Gottfried Strasser.)

between the GaN and barrier layers. The GaN substrates
used were about 60um thick and about 5mm in diam-
eter. They were grown using a high-pressure process
developed at the Polish Academy of Science UNIPRESS
high-pressure research centre. The RTDs were
deposited on the Ga polarity side of the substrate using
PAMBE. The deposition was performed under Ga-rich
conditions using adlayer enhanced lateral mobility
(AELD) at 710°C to achieve high-quality 2D growth at
lower temperatures than normal. The contacts were
Schottky rather than Ohmic, although efforts were
made to reduce the resulting rectifying behavior. The
I-V curve shows a resonance peak at about 2.2V in the
direction of the rectifying contacts and none under
reverse bias. A simulation of the structure using a
Schrodinger/Poisson solver (Figure 5) suggested a
lower bound for the resonance of about 1.2V, which is
in reasonable agreement with the measured value, tak-
ing into account potential drops away from the double-
barrier structure such as at the non-ideal contacts.
Further, screening of the barrier occurs due to charge
layers that build up in front of the barriers as a result of
the strong polarization fields in nitride semiconductors.

The measured peak-to-valley ratio (PVR) is around 2,
which is much smaller than the value of 32 reported
for the device of Kikuchi et al [3]. In the devices that
demonstrated negative differential resistance (about
20% of the total), the width of the NDR region was
about 0.3V. Another 20% of the devices showed a
sharp discontinuity in the I-V curve, while the remain-
der showed no more than an exponential background
in their I-V characteristic. The diodes are destroyed if
they are taken beyond 6V bias in either direction.

www.semiconductor-today.com
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In the diodes with NDR, Golka et al see the same
degradation of the peak after the first sweep, as
reported by other groups. By stopping the sweep close
to the peak, one sees a gradual decay that follows an
envelope representing a full sweep on a virgin device
(Figure 6); i.e. the peak decreases and shifts to higher
energy.

Golka et al discuss and dismiss non-resonant tunneling
explanations of the NDR such as physical degradation
and trap filling. However, traps are seen as having a role
in increasing the barrier screening and hence shifting
the peak to higher voltages. To test this idea, a 350°C
thermal process under a nitrogen atmosphere was
applied to the devices, with a view to releasing carriers
from traps. The NDR behavior was restored, but with
an order-of-magnitude reduction in the current density.

Gottfried Strasser of TU Wien, and part of the
research team that includes UNIPRESS, comments:
"These are, to the best of our knowledge, the only RTD
structures on bulk GaN material. Although this is not
an RTD, it is the first measurement that shows repro-
ducible results. This is, as reported in the paper, most
probably due to the reduced defect density (bulk sub-
strates and smaller mesa sizes). While this is not yet a
workable device, we can now start looking deeper into
material properties and separate intrinsic from extrin-
sic behavior. It is too early to make final statements
but, given the remarkable progress in the control of

GaN-based materials within the last few years, and
assuming continuous progress in improving substrates
as well as growth and processing, there is a good
chance of succeeding in developing usable RTDs.”

The work of Golka, Strasser et al is part of a European
project called NITWAVE, carried out between TU Wien
and the company TopGaN (Poland). Further work is
being carried out to produce RTDs on GaN crystals with
a non-polar orientation as developed by
UNIPRESS/TOPGaN. Also, lower Al concentration layers
are being investigated further to understand vertical
transport mechanisms.

References

[1] Ozbay et al, IEEE Electron Device Letters 14, 400, 1993

[2] International Technology Roadmap for Semiconductors,
2005, Emerging Research Devices section.

[3] Kikuchi et al, physica status solidi (a) 188, 187, 2001; Appl.
Phys. Lett. 81, 1729, 2002

[4] Belyaev et al, Appl. Phys. Lett. 83, 3626, 2003

[3] Foxon et al, phys. stat. sol.(c) 0, 2389, 2003

[6] Kikuchi et al, Appl. Phys. Lett. 83, 3628, 2003

[7] Hermann et al , phys. stat. sol.(c) 1, 2210, 2004

[8] Belyaev et al, Physica E 21, 752, 2004; Semiconductor
Physics, Quantum Electronics & Optoelectronics 7, 175, 2004

[9] Leconte et al, Superlattices and Microstructures 40 (4-6,
October—December 2006), 507 (E-MRS 2006, Symposium S:
Material Science and Technology of Wide Bandgap Semicon-
ductors, 2006 Spring Meeting of the European Materials
Research Society)

[10] Golka et al, Appl. Phys. Lett., vol. 88, p172106, 2006

REGISTER

for Semiconductor Today
free at
www.semiconductor-today.com

semiconductor TODAY Compounds& AdvancedSilicon = Vol. 1 » Issue 6 « December 2006/ January 2007

www.semiconductor-today.com



2007 INTERNATIONAL CONFERENCE ON
COMPOUND SEMICONDUCTOR
cS MANTECH MANUFACTURING TECHNOLOGY

May 14-17, 2007
The Hilton Austin, Austin Texas, USA

www.csmantech.org

Join us at the 22" Edition of the Premier Conference
for Compound Semiconductor Manufacturing

» Technical Sessions covering topics such
as Substrates and Epitaxy, Processing,
Manufacturing Practices, CS Devices,

Wide Bandgap, and Opto technologies. ﬁ

{3
oo £ e =
- - 1

» Intensive multi-topic Workshop the day Y : o
before the conference opens. ] "—;i | .’T'i i l'l‘l 1 ' u j K
> Invited Papers that cover a range of ' ‘ '

topics from current and emerging
technologies to “killer” applications.

We will meet in the beautiful city of Austin TX, well
known for its international flair and vitality

» Exhibits, presenting everything from www.austintexas.org
substrates to systems, provides a forum .

sessions event where vendors inform
about their latest and greatest products.

» The Interactive Forum, unique to CS
MANTECH, where conference attendees
can engage in discussions with Technical
Session authors and with each other.

» Our Social Events, such as the Exhibits
Reception and the  International
Reception, provide opportunities to
develop business contacts and network
with colleagues in the industry in an
informal setting

Hilton Austin Hotel

For Additional Information please visit us at

www.csmantech.org or email at info@csmantech.org




|38 Conference report: Compound Semiconductor IC symposium

Optimizing technologies

This year’s CSIC Symposium showed the continued maturing of
wide-bandgap SiC and GaN power devices, as well as the mixing of
III-V and silicon technologies for optimum system performance.

at the San Antonio Convention Center in Texas

attracted the traditional high quality of compound
semiconductor executives and senior technologists.
However, contrary to the current boom in the GaAs
market, the number of delegates was down compared
to last year’s event, About 250 attended the main
event, the IEEE’s annual Compound Semiconductor IC
Symposium (CSIC, formerly the GaAs IC Symposium).
This included 20 or so cross-registered with the co-
located Key Conference running in parallel on 13-14
November (which drew about 90 delegates in total).

At the CS Week exhibition, one or two suppliers of

both GaAs substrates and epiwafers commented on a
current slowdown in orders, despite the continuing
growth in the GaAs RFIC market. This is put down to
GaAs chip makers having built stockpiles of wafers,
leading to inventory corrections. However, one sub-
strate supplier said they expected sales growth to pick
up again in second-quarter 2007.

The CS Week 2006 event from 12-15 November

Cree focusing on SiC and GaN transistors

Meanwhile, in the CS IC Symposium, technology
trends were illustrated by the composition of the pro-
gram. Of the 61 presentations, as many as 14 focused
on GaN (mainly GaN HEMTs).

In his invited talk, John Palmour, Cree’s co-founder
and executive VP of Advanced Devices, presented work
on wide-bandgap electronic devices, specifically GaN
HEMTs for RF switch-mode power amplifiers demon-
strating a high combination of output power (63W) and
power added efficiency (75%) operating at a frequency
of 2.0GHz. This is enabled by the use of Class E circuit
topologies (which is not possible at such high fre-
guency and power levels using silicon or GaAs).

A particular focus for Cree is GaN HEMTs for WiMAX
base-station and access point applications operating in
the 2.3-2.9GHz and 3.3-3.9GHz bands with average
power levels of 2-12W, gains of 12-16dB, and drain
efficiencies of more than 25% at 2.5% EVM (in either
QFN-style surface-mount, leadless plastic packages or
ceramic flanged packages).

As well as Cree’s 28V GaN HEMT ‘release process’,
the company is also working on a 50V process. Again,
a very wide instantaneous bandwidth of more than
500MHz (compared to 200MHz and 18% efficiency for
silicon LDMOS) enables a single GaN HEMT amplifier
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design to cover many different frequency applications.
LDMOS and RF CMOS are ‘against the wall” in terms of
power efficiency, says Palmour, Although WiMAX is
just a nascent market at the moment, it is

LDMOS and RF CMOS

‘definitely taking off,
stresses Palmour, with

are ‘against the wall’ Sprint/Nextel committing

in terms of power
efficiency, says
Palmour... WIiMAX is

‘definitely taking off’,

with Sprint/Nextel
committing to the
WiMAX specification
and Intel deciding to
enable its next
Centrino processor
for WiMAX.

to the WIMAX specification
and Intel deciding to
enable its next Centrino
processor for WiMAX.
Palmour also highlighted
SiC power devices. In
power factor correction
circuits for switch-mode
power supplies (SMPS) in
computer servers etc,
silicon PiN diodes (which
are bipolar devices, with
minority carrier recombi-
nation current flow) are

now being replaced by SiC Schottky diodes (which are
unipolar devices, with no reverse recovery current dur-
ing switching). The 2-5% improvement in efficiency
yields up to a 25% reduction in losses (since the
average efficiency of a PFC circuit is currently 88-93%.
Pairing with a SiC MOSFET as the switch allows the use

If variable-speed
drives were widely
adopted across all
motor control
applications, the
potential savings,
combined with the
use of SiC in SMPS
and GaN in RF, are
estimated to be over
$30bn per year

of higher doping levels
(compared to a silicon
MOSFET) for the same
blocking voltage (due to
SiC’s higher breakdown
electric field), allowing
lower on-resistance. A
resultant 1.6% improve-
ment in efficiency yields
another 22%

reduction in losses, giving
a total reduction of 47%.
For motor control, SiC
Schottkys allow a 35%
reduction in losses.

Palmour concludes that, if variable-speed drives were
widely adopted across all motor control applications,

the potential savings, combined with the use of SiC in
SMPS and GaN in RF application, are estimated to be

over $30bn per year.
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RFMD integrating optimum technologies

In his invited talk ‘Optimizing RF semiconductor choices
for mobile devices’, Jerry Neal, RF Micro Devices’ co-
founder and executive VP of marketing and strategic
development, estimated shipment of over 2bn mm? of
GaAs into mobile handsets in 2006 (equivalent to

0.5 acres in real estate) as the penetration of GaAs
into handsets rises with the increasing adoption of
multi-band handsets. RFMD
expected the total handset
market to grow by 150m
units in 2006, and for its
revenues to break $1bn
annually. Neal reckons that,
by 2008, most handsets
sold will contain analeg
functions consolidated into a single-chip quad-band
transmit module that integrates power amplifiers, a
switch and a controller (indeed, RFMD is now shipping
more transmit modules than PAs). Some handset
manufacturers are even talking of incorporating up to
11 radios in a handset, he adds.

However, while fine-line silicon CMOS is not good for
PAs, switches and filters, it is becoming the technology
of choice for the bulk of the other cellular handset
functions (integrating a SAW filter and LDO regulator in
a CMOS transceiver module). Meanwhile, MEMS is
becoming attractive for use in switches and filters as it
offers lower insertion loss (compared to a pHEMT switch)

and ease of integration.
MEMS could cause

‘MEMS could cause a para-
digm shift in the RF section a paradigm shift in

of the transmit module’, says the RF section of
Neal. glthough RFMD is the tFansmit
spending much develop- .
ment effort on GaAs pHEMT module... RFMD is
switches, it may go to not married to
MEMS, he adds. "RFMD is GaAs HBTs

not married to GaAs HBTs",

Neal stresses: it is currently working with silicon
foundries, and can ‘invest in technology for fabs if
needed’. He reminded the audience that RFMD
originally invested in a 10% stake in Si/SiGe foundry
Jazz Semiconductor (now Acquicor) so that it could work
with silicon technologies, and is now developing all its
silicon technology in-house. Indeed, RFMD’s proprietary
Integrated Power MOS (IPMOS) process can integrate
MEMS on top of it. A quad-band silicon PA, switch and
controller will have integrated fully shielded modules.

Handset
manufacturers are
even talking of
incorporating 11
radios in a handset

The start of CSIC saw the award
for the best paper at CSIC 2005
event. This award was presented
by CSIC 2006 symposium chair

Mitchell Shifrin of Hittite
Microwave to Shahmiar
Shahramian, Anthony Chan
Camisone and Sorin Voinigescu of

Record DHBT f; of 660GHz

In CSIC's 'Late News' session, Zach Griffith et al of the
University of California Santa Barbara reported a
record current-gain cut-off frequency (f;) of 660GHz
for a double-heterojunction bipolar transistor (DHBT),
using epi growth on 3" InP substrates at IQE Inc of
Bethlehem, PA, USA. The f,,, is 218GHz and the
breakdown voltage BV is 2.5V. The InP/InGaAs/InP
device was scaled vertically to a 14nm highly doped
InGaAs base and a 60nm InP collector to reduce the
base and collector electron transit times. The previous
record InP DHBT had a 20nm base and a 75nm collec-
tor, giving an f; of 544GHz and an f,,,of 347GHz, with
a BV, of 3.2V. In comparison, InGaAs-collector InP
single heterojunction bipolar transistors (SHBTs) with a
20nm base and 62.5nm collector have demonstrated a
604GHz f; and 246GHz f,.,, and 12.5nm base and
55nm collector InP SHBTs have demonstrated a
710GHz f; and a 340GHz f,..,, but both had a signifi-
cantly lower breakdown voltage BV, of 1.7V and
lower operating power density before failure.

First AlGaN/GaN HEMTs on CVD diamond

Gregg Jessen of the US Air Force Research Laboratories
gave the first report on the operation of AlGaN/GaN
HEMTs atomically attached to a CVD diamond substrate.
Nitride device layers were MOCVD grown on silicon by
Emcore’s EMD division (now IQE RF) of Somerset, NJ,
and transferred to a 25um-thick polycrystalline CVD dia-
mond substrate via a process developed by Group4 Labs
of Menlo Park, CA. Sheet resistance measurements show
that the two-dimensional electron gas interface remains
intact. At a drain bias (Vpg) of 5V, f; is 8GHz and f.., is
11.4GHz at a peak transconductance (g,,) of 70mS/mm;
the source-drain current (I5s) is 283mA/mm. In
future, mounting the diamond layer directly on ther-
mally conductive packaging (rather than a silicon car-
rier wafer) should improve performance.

CMOS W-band LNAs at 77 & 94GHz

S T Nicholson and S P Voinigescu of the University of
Toronto reported the first experimental demonstration
of CMOS W-band low-noise amplifiers at 77 and 94GHz:
one-stage and two-stage cascode devices, respectively,
fabricated in STMicroelectronics’ 90nm general purpose
CMOS technology. Voinigescu added that a CMOS W-band
LNA operating at about 100GHz will be reported soon.
® The 2007 Compound Semiconducter IC Symposium
will take place on 14-17 October in Portland, OR, USA.

the University of Toronto, Canada
for their paper 'A 40 Gsamples/Sec
Track & Hold Amplifier in 0.18um
micron SiGe BiCMOS Technology”.
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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.UIMCCOrp.com
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2 Bulk crystal growth

equipment

MR Semicon Inc

PO Box 91687,
Albugquerque,

NM 87199-1687,

USA

Tel: +1 505 899 8183
Fax: +1 505 899 8172
wWww.mrsemicon.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

Kyma Technologies Inc
8829 Midway West Road,
Raleigh, NC,

USA

Tel: +1 919 789 8880

3 Substrates

AXT Inc

4281 Technology Drive
Fremont, CA 94538,
USA

Tel: +1 510438 4700
Fax: +1 510 683 5901
www.axt.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

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

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
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4 Epiwafer foundry

Bandwidth Semiconductor LLC
25 Sagamore Park Drive,

Hudson, NH 03051,

USA

Tel: +1 603 595 8900

Fax: +1 603 595 0975
www.bandwidthsemi.com

EMF Ltd

Unit 5 Chesterton Mills, French's Rd,
Cambridge CB4 3NP

UK

Tel: +44 (0)1223 352244

Fax: +44 (0)1223 352444
www.emf.co.uk

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

IQE

Cypress Drive, St Mellons,
Cardiff CF3 OEG

UK

Tel: +44 29 2083 9400
Fax: +44 29 2083 9401
WWww.igqep.com

OMMIC

22 Avenue Descartes, B.P. 11,
Limeil-Brevannes, 94453,
France

Tel: +33 1451067 31

Fax: +33 145106953

www.ommic.com

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 3161 79
www.picogiga.com

SemiSouth Laboratories Inc
201 Research Boulevard,
Starkyville, MS 39759,

USA

Tel: +1 662 324 7607

Fax: +1 662 324 7997
www.semisouth.com

www.semiconductor-today.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

EMF Ltd

Unit 5 Chesterton Mills,

French’s Road, Cambridge CB4 3NP,
UK

Tel: +44 (0)1223 352244

Fax: +44 (0)1223 352444
www.emf.co.uk

Epichem Group

Power Road, Bromborough, Wirral,
Merseyside CH62 3QF,

UK

Tel: +44 151 334 2774

Fax: +44 151 334 6422
www.epichem.com

Mining & Chemical Products Ltd
(see section 1 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

V4N ELECTRONIC MATERIALS
fHARS
Rohm and Haas

Electronic Materials

60 Willow Street,

North Andover, MA 01845,

USA

Tel: +1 978 557 1700

Fax: +1 978 557 1701
www.metalorganics.com

Leading manufacturer of high-purity
MOCVD precursors, including for
Ga, In, Al, As, and several dopants.
Ge precursors for SiGe films have
now been added. Sales professionals
have direct experience of epi-growth
and device fabrication, giving
superior technical service value.

6 Deposition
equipment

AIXTRON AG
Kackertstrasse 15-17,
Aachen, 52072,
Germany

Tel: +49 24189090
Fax +49 241 89 09 40
www.aixtron.com

EMF Ltd

Unit 5 Chesterton Mills,
French's Road,

Cambridge CB4 3NP

UK

Tel: +44 (0)1223 352244
Fax: +44 (0)1223 352444
www.emf.co.uk

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

Riber

31 rue Casimir Périer,

BP 70083,

95873 Bezons Cedex,
France

Tel: +33 (0) 1 3996 65 00
Fax: +33(0) 139474562
www.riber.com

Veeco Instruments Inc
100 Sunnyside Blvd.,
Woodbury, NY 11797,
usa

Tel: +1 516 677 0200
Fax: +1 516 714 1231
WWW.veeco.com

7 Wafer processing
materials

Air Products and Chemicals Inc
7201 Hamilton Blvd.,

Allentown, PA 18195,

USA

Tel: +1 610481 4911
www.airproducts.com/compound
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Praxair Electronics

542 Route 303,

Orangeburg, NY 10962,

USA

Tel: +1 845 398 8242

Fax: +1 845 398 8304
www.praxair.com/electronics

8 Wafer processing
equipment

EV Group

DI Erich Thallner Strasse 1,
St. Florian/Inn, 4782,
Austria

Tel: +43 7712 53110

Fax: +43 7712 5311 4600
www.EVGroup.com

Oxford Instruments
Plasma Technology

North End, Yatton,

Bristol,

Avon B549 4AP

UK

Tel: +44 1934 837 000

Fax: +44 1934 837 001
www.oxford-instruments.co.uk

SAMCO International Inc
532 Weddell Drive,
Sunnyvale,

CA,

USA

Tel: +1 408 734 0459

Fax: +1 408 734 0961
www.samcointl.com

Surface Technology Systems plc

Imperial Park,
. STS)D

Newport,
Wales NP10 8UJ,

UK SURFACE TECHNOLOCGY SYSTEMS
Tel: +44 (0)1633 652400

Fax: +44 (0)1633 652405
www.stsystems.com

Leading manufacturer of plasma
etch and deposition equipment,
including DRIE, ICP, RIE & PECVD
technologies used in the fabrication
and packaging of semiconductor
devices.

Tegal Corp

2201 S McDowell Boulevard,
Petaluma,

CA 94954,

UsA

Tel: +1 707 763 5600
www.tegal.com

Unaxis Wafer Processing
10050 16th Street North, Suite 100,
St. Petersburg,

FL 33716,

USA

Tel: +1 727 577 4999

Fax: +1 727 577 7035
www.waferprocessing.unaxis.com

Veeco Instruments Inc
100 Sunnyside Blvd.,
Woodbury,

NY 11797,

USA

Tel: +1 516 677 0200
Fax: +1 516 714 1231
WwWw.veeco.com

9 Gas and liquid
handling equipment

Air Products and Chemicals Inc
7201 Hamilton Blvd.,

Allentown,

PA 18195,

UsA

Tel: +1 610481 4911
www.airproducts.com/compound

CS CLEAN SYSTEMS AG
Fraunhoferstrasse 4,
Ismaning, 85737,
Germany

Tel: +49 8996 24 00 0
Fax: +49 89 96 24 00 122
www.cscleansystems.com

IEM Technologies Ltd
Fothergill House,

Colley Lane,

Bridgwater,

Somerset TAG 5]1],

UK

Tel: +44 (0)1278 420555
Fax: +44 (0)1278 420666
www.iemtec.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

10 Process monitoring
and control

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

LayTec GmbH
Helmholtzstr. 13-14,
Berlin, 10587

Germany

Tel: +49 3039800800
Fax: +49 30 3180 8237
www.laytec.de

11 Inspection equipment

Bruker AXS GmbH

Qestliche 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

12 Characterization
equipment

Accent Optical Technologies
1320 SE Armour Drive Suite B-2,
Bend, OR 97702,

USA

Tel: +1 541 322 2500

Fax: +1 541 318 1966
www.accentopto.com

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
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Lake Shore Cryotronics Inc
575 McCorkle Boulevard,
Westerville, OH 43082,

USA

Tel: +1 614 891 2244

Fax: +1 614 818 1600
www.lakeshore.com

Shiva Technologies Inc
6707 Brooklawn Parkway,
Syracuse, NY 13211,

USA

Tel: +1 315431 9900
Fax: +1 315431 9800
www.shivatec.com

13 Chip test equipment

Keithley Instruments Inc
28775 Aurora Road,
Cleveland, OH 44139,

USA

Tel: +1 440.248.0400

Fax 001 440.248.6168
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.CoOm

14 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

15 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
17 D Clinton Drive,

Hollis, NH 03049,

USA

Tel: +1 603 595 7048

Fax: +1 603 598-3835
www.jpsalaser.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

16 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

17 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 169330472
Fax: +33 169 33 0292
WWW.UMs-gaas.com

18 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

19 Facility consumables

W.L. Gore & Associates
401 Airport Rd,

Elkton, MD 21921-4236,
USA

Tel: +1 410 392 4440
Fax: +1 410 506 8749
wWww.gore.com

20 Computer hardware
& software

Ansoft Corp

4 Station Square, Suite 200,
Pittsburgh, PA 15219,

UsaA

Tel: +1 412 261 3200

Fax: +1 412471 9427
www.ansoft.com

21 Services

Henry Butcher International
Brownlow House,

50-51 High Holborn,

London WC1V 6EG, UK

Tel: +44 (0)20 7405 8411

Fax: +44 (0)20 74059772
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

22 Resources

SEMI Global Headquarters
3081 Zanker Road,

San Jose, CA 95134, USA
Tel: +1 408 943 6900

Fax: +1 408 428 9600
WWWwW.semi.org
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7 February 2007
Nano-electronics — Materials and Technology
Institute of Physics, London, UK

E-mail: n.g.wright@ncl.ac.uk
www.iop.org/Conferences

12-14 February
Strategies in Light
San Jose, CA, USA

E-mail: rsteele@strategies-u.com
http:/ /sil07.events.pennnet.com /fl/index.cfm

13 February 2007

LED2007 Conference & Showcase
Eindhoven, The Netherlands

E-mail: hellen.dankers@weare.n|
www.ledcongres.nl

5-7 March 2007

14th European Molecular Beam Epitaxy
Workshop

Sierra Nevada, Spain

E-mail: mbe07@acacia.die.upm.es
www.isom.upm.es/mbe/scope.htm

19-21 March 2007

LED China 2007

Guangzhou, People’s Republic of China
E-mail: LED@TrustExhibition.com
www.LEDChina-gz.com

21-23 March 2007

SEMICON China 2007
Shanghai, People’s Republic of China
E-mail: mhua@semi.org
WWww.semi.org

25-29 March 2007

OFC/NFOEC 2007

(Optical Fiber Communication Conference
and Exposition & National Fiber Optic
Engineers Conference)

Anaheim, CA, USA

E-mail: registration@ofcconference.org
www.ofcnfoec.org

26-28 March 2007
LED Packaging 2007
Shanghai, People’s Republic of China

E-mail: pkinzer@intertechusa.com
www.intertechusa.com/conferences

2-5 April 2007

Microscopy of Semiconducting Materials:
15th International Conference

Cambridge, UK

E-mail: clare@rms.org.uk
www.rms.org.uk/event_semi-conducting.shtml

9-13 April 2007

Materials Research Society (MRS)
Spring Meeting

San Francisco, CA, USA

E-mail: info@mrs.org

WWw.mrs.org

12-17 April 2007

Physics of Light-Matter Coupling in Nano-
Structures: 7th International Conference
(PLMCN7)

Havana, Cuba

E-mail: plmcn7@sheffield.ac.uk
www.shef.ac.uk/physics/plmcn7
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15-20 April 2007

LDSD 2007 (Sixth international Conference
on Low Dimensional Structures and Devices)
Archipelago of San Andrés, Colombia

E-mail: Jasmine.Technology@ntlworld.com
www.fis.cinvestav.mx/ldsd2007

17-19 April 2007

Blue 2007 /Solid State Lighting Suppliers Forum
Ambassador Hotel, Hsinchu, Taiwan

E-mail: Blue2007@SolidStatelighting.net
www.Blue-2007.com

14-16 May 2007

8th International Conference on Mid-Infrared
Optoelectronics: Materials and Devices
(MIOMD-VIII)

Bad Ischl, Austria

E-mail: miomd8@jku.at

www.hiphys.jku.at/miomd8

14-17 May 2007

CS MANTECH (2007 International Conference
on Compound Semiconductor Manufacturing
Technology)

Hilton Austin, TX, USA

E-mail: csmantech@csmantech.org
www.gaasmantech.org

Event Calendar 45

14-18 May 2007

19th International Conference on Indium
Phosphide and Related Materials (IPRM '07)
Matsue, Japan

E-mail: iprm07@ech.co.jp

WwWW.iprm.jp

20-23 May 2007

WOCSDICE 2007 (Workshop on Compound
Semiconductor Devices and Integrated
Circuits), including WOGATE (Workshop on
the GaN Advancement Technology in Europe)
Venice, Italy

E-mail: wocsdice2007@woscdice2007.0rg
www.wocsdice2007.0rg

20-24 May 2007

Fifth International Conference on Solid State
Crystals & Eighth Polish Conference on
Crystal Growth (ICSSC-5 & PCCG-8)

Zakopane, Poland
http://science24.com/event/icssc2007

29 May - 1 June 2007

LED & Solid State Lighting Expo 2007
KINTEX, Seoul, South Korea

E-mail: info@ledexpo.com
www.ledexpo.com
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