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Having supplied specialist plasma processing equipment
to manufacturers in compound semiconductor markets
for almost 20 years, we know how to develop cutting-
edge etch and deposition processes to meet a

customer's specific requirements. We also know how to
achieve a smooth transfer of these characterized
processes from R&D to production platforms when
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knowledge overnight, and in partnering with us, they
recognize that there is no substitute for experience.
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your development cycles and reduce your time to market.
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* Experience with a wide range of material systems

- Robust, reliable, production-proven equipment platforms

* Accurate process control for gate etching

- High throughput processes for through-wafer etching

- Smooth sidewalls for complex epitaxial structures
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China seeks rapid progress in
electronics and photonics
In the first of a series of articles on the emerging
compound semiconductor industry in the world’s most
populous country, Sally Croft takes a look at the emerging
business climate in China.

China exploits technology
With government support and private investment,
commercial compound semiconductor ventures are
becoming more common in China, writes Tim Whitaker.

Will automotive radar be the next big
application for GaAs MMICs? p31
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industry to prosper
The GaAs industry can look forward to modest growth,
further migration from MMICs to modules and
subsystems and challenges from silicon IC manufacturers,
writes Tim Whitaker.

MMICs provide the key for lower-cost
automotive radar
Automotive radar has been heralded as the next big
application for GaAs. Mare Camiade looks at this
demanding area and the developments in MMIC
technology that make GaAs the material of choice.

GaAs-based devices: how to choose
a suitable substrate
There are a number of companies that sell GaAs substrates
grown by LEC or VGF, but what is the difference? Russ
Kremer and Steffen Teichert provide some answers.
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Our substrate offerings are:

e 2,3,4 inch substrates in

production quantities

e As cut and EPI-ready

e Precision Offsets and

other orientations

e Laser marking

e Material Science

Engineering Services

Call us for your requirement of high yield,
high quality sapphire substrates! Our
expert and knowledgeable material sci-

\

ence engineers will be glad to assist you. R U B | CO N
Pema TECHNOLOGY

Making Your World
.”

With EPI-Ready Sapphire Substrates
Maximize brilliance and yield in your LED
and LD devices with Rubicon’s KYR-Plus
EP|-ready sapphire substrates.

faitows proprietary and unique combina-
tion of KYR-Plus growth technology and
state-of-the-art manufacturing, fabricating,
polishing and clea ing processes give you
the optimal basis for efficient LED and LD
fabrication—Greater brightness and Higher
yield! >

Rubicon’s KYR-Plus sap- \

phire substrates’ advan- ‘
tages include: \

e Low edge pit density \

(EPD)

e High transmission in

the UV range

e Ultra flat surfaces

e Precision tolerances |
e Ultra clean

By
Rubicon Technology, Inc.
9931 Franklin Avenue
Franklin Pa IL 60131

Phone’847-295-7000
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Soitec buys Picogiga growth assets
Silicon-on-insulator (SOT) wafer manufacturer

Soitec, based in Grenoble, France, has bought
most of epiwafer vendor Picogiga’s assets for

€2.3 million ($2.5 million). The acquisition
should mark the end of a turbulent year for
Picogiga, which saw a potential takeover bid
by Belgian company Umicore fall through
(Compound Semiconductor December 2002

p7). At the end of November 2002, Picogiga
declared itself bankrupt and then applied for
the French equivalent of Chapter 11 protec-

tion in order to reorganize its financial affairs.
However, the Court of Commerce rejected
two separate proposals for ways in which
Picogiga could continue as a company, and
accepted the proposal from Soitec to acquire

selected assets from Picogiga.
The acquired assets include most of

Picogiga’s MBE growth systems arid 30 of its

55 staff. Soitec has assumed none of Picogiga’s
debt. The company has been rebranded as
Picogiga International and will operate as a

wholly owned subsidiary of Soitec. Linh

Nuyen, Picogiga’s president, has left the com-
pany and Soitec’s managing director Jean-
Michel Lamure has taken responsibility for

running Picogiga.
“This purchase of some of Picogiga’s assets

represents an excellent opportunity for us to
strengthen our position as a leading manu-

facturer of advanced materials and to meet the
requirements for high-frequency devices and

optoelectronics,” said Lamure.
Soitec manufactures SOI wafers using its

Smart Cut process, which transfers ultra-thin

silicon layers from a handle wafer to another
surface. During SOI wafer manufacturing
using the process, a silicon wafer is oxidized,
implanted with hydrogen ions and bonded

to a second Si wafer. The wafers are then sep-
arated along the cleavage plane formed by the
implanted ion, leaving an SOI substrate and

areusable Si wafer. Smart Cut technology can
also be extended to other materials including

silicon carbide, SiGe and sapphire, as well as
IlI-V materials, and the development of such

processes is now well under way (Compound

Semiconductor January/February 2003 p32).
“We need epitaxy as a complementary

technology for layer transfer and as a way to

diversify our products,” Lamure told Com-
pound Semiconductor. “We can now perform
transfer of thin layers of epitaxially grown

compounds or grow onto layers transferred
using Smart Cut.”

While MBE is a technique that Soitec will

use in its material developments, the company
is keen to stress to customers that Picogiga

International is a merchant MBE epiwafer
supplier. The company says that the acquisi-
tion process will not affect its ability to meet

Picogiga’s customers’ epiwafer demands and
that a seamless transition can be expected.
e Inrelated news, Sumitomo Chemical has
bought ATMI’s GaAs epiwafer business — see
p6 for the full story.

Osram opens new opto chip factory in Germany
Osram has opened what it describes as “the
world’s most advanced optoelectronics chip
factory” in Regensburg, Germany. The facil-
ity, which will manufacture LED chips, laser
diodes and sensors, will enable Osram’s sub-
sidiary, Osram Opto Semiconductors, to dou-
ble its production capacity of optoelectronic
semiconductors by 2005.

Work began on the facility in July 2001.
The fab, which has a cleanroom floor area of

3300 m? (35,500 sq. ft), is built on a 9 acre site
with space for further expansion.

At the opening ceremony on April 7, Wolf-
Dieter Bopst, president of Osram, said: “This
will give us the platform to become number
one [in optoelectronic semiconductors] in the
medium term in this dynamic growth market.”
Market researchers expect optoelectronic
semiconductors to register annual growth
rates in double figures.

Osram has invested around € 120 million
($129 million) in the new factory and will cre-
ate about 500 new jobs in the medium term.
The company already has a highly trained
workforce in Regensburg engaged in the pro-
duction of optoelectronic chips, and says that
the region also has a good supply of well-
trained workers.

Osram has an existing chip production
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White LEDs manufactured by Osram Opto Semiconductors were used to build the low-
profile headlights of this futuristic sports car designed by Pininfarina of Italy.

facility in Regensburg-West, which was
unable to cope with the company’s plans for
capacity expansion. The two factories will
now work in parallel until the entire operation
transfers to the new site in two years’ time.

Osram is the second largest lamp manu-
facturer in the world, and sees LEDs as a
strategically important technology for the
future of the lighting industry. Osram Opto
Semiconductors has sites in San Jose, CA, and
Penang, Malaysia, as well as Regensburg.

Osram Opto Semiconductors GmbH was

founded in 1999 as a joint venture between
Osram GmbH and the Siemens Semicon-
ductor Division (now Infineon Technologies
AG). In the summer of 2001, Osram GmbH
took over all the shares of Osram Opto Semi-
conductors. Osram and Infineon continued to
operate a joint venture to sell optoelectronic
semiconductors.

On April 1, 2003, Osram Opto Semicon-
ductors GmbH took over the worldwide sales
activities for its optoelectronic semiconduc-
tor products from Infineon.



HEADLINE NEws compoundsemiconductor.net

Sumitomo Chemical buys ATMI’s GaAs business
Sumitomo Chemical Co, Ltd has purchased
ATMI’s GaAs epiwafer business and formed
two new companies in Japan and the US to
strengthen its position in this market.

ATMI announced in September 2002 that
it planned to exit the GaAs epiwafer business,
although it has retained its activities related
to GaN and silicon epiwafers. In its annual
report, the company stated that: “Effective
January 31, 2003, certain assets of this busi-

ness have been sold under an asset purchase
agreement. The lease of the related facility in
Phoenix, AZ, has been assumed by the buyer.”
The facility includes a number of MOVPE
machines used to grow GaAs-based epi-

wafers, particularly HBTs.
It is now clear that the purchaser is

Sumitomo Chemical, a Japanese company
that already has a GaAs epiwafer manufac-
turing capability as well as being a supplier of
metalorganic chemicals and high-purity gal-
lium to the compound semiconductor indus-
try. In order to concentrate on its epiwafer
business (which it terms MOEPI, or metalor-
ganic epitaxial), Sumitomo Chemical has
formed two new companies to produce epi-
wafers for the cellular phone market and other

mobile communication applications.

In Japan, Sumika Epi-Solution Co, Ltd will
manufacture epiwafers at Sumitomo Chem-

ical’s Chiba works using epitaxial equipment
designed in house. The recently upgraded
facilities are designed to meet future growth
in demand. In the US, Sumika Electronic
Materials, Inc will produce epiwafers at the
former ATMI facility and also market other
relevant Sumitomo products.

Sumitomo says that the establishment of
these wholly owned subsidiaries shows its
commitment to providing flexible and well-
timed responses to the changing needs of its
customers in the Japanese and US markets,
a commitment the company will underpin by
synergistically linking technologies devel-
oped in Japan and the US.

Mitsubishi forms compound
semiconductor division
Mitsubishi Electric & Electronic USA has
established a new semiconductor division to
provide compound semiconductors in discrete

and module form for optoelectronic and

microwave/RF customers based in North
America. The new division will be headquar-

tered in the Silicon Valley area and will pro-

vide marketing, sales and application
engineering support for products manufac-
tured in Japan.

Mitsubishi Electric manufactures a variety

of GaAs-based devices for applications such
as basestations, including satellite and terres-
trial transmitters and receivers, mobile radios,
cellular phones and subscriber units. CIBC
World Markets placed Mitsubishi fifth in the

list of leading analog GaAs suppliers in 2002

(see p24). The company also manufactures
silicon RF power transistors and modules
using MOS and LDMOS technologies for the
industrial and consumer markets.

Mitsubishi Electric also offers a diverse

range of optoelectronic products including |
electroabsorption modulators, Fabry—Perot
and DFB lasers, pump laser diodes and elec-
troabsorption modulated lasers. Other discrete
products include avalanche and pin photo- |
detectors, laser drivers and receiver pre-ampli-
fiers. The company also manufactures |
integrated transceivers and transponders.

“We are establishing the new division to

demonstrate our continued commitment to
our optoelectronic and microwave/RF cus-
tomers,” said Kiyoshi Kawakami, president
and CEO of Mitsubishi Electric & Electronic
USA. “Although the overall high-technology |
market continues to go through challenging |

times, we believe that compound semicon- |
ductors will remain a strong and viable mar- |
ket over the long term. Our new division will |
enable us to continue offering world-class |
products to these customers.”

VPEC to supply HBT epiwafers to Skyworks
Visual Photonics Epitaxy Co, Ltd (VPEC), a
Taiwanese epiwafer supplier, has been
selected by Skyworks Solutions as a second
source for GaAs HBT wafers, which are used
to manufacture a wide variety of wireless
communications devices. Kopin is already
established as a major supplier of such prod-
ucts to Skyworks.

“VPEC has proven to be a reliable, cost-
effective resource for supplying Skyworks

with the GaAs HBT wafers we need to build
our industry-leading PA modules and RFICs,”
said Kevin Barber, senior VP of operations for
Skyworks. “VPEC’s record and experience |
in efficiently developing quality wafers makes
them an ideal second source.”

“VPEC’s advantages in technology, qual-
ity, cost and speed will help sharpen
Skyworks’ competitive edge, ’ added Michael
Yang, VPEC’s CEO.

TriQuint expands
| opto facility and
product range

TriQuint has announced a wide range of new
fiber-optic component products, as well as a

| capacity expansion in its manufacturing facil-
ity in Matamoros, Mexico. Matamoros is the
primary location for low-cost assembly and

test of TriQuint’s existing line of optical trans-
mitters, receivers, transceivers and transpon-

ders. The product lines and the Matamoros
facility were acquired from Agere along with

| facilities in Pennsylvania.
“The expansion in Matamoros confirms

our commitment to the industry and our ded-
ication to providing customers with the most
cost-effective manufacturing capability avail-
able,” said Glen Riley, VP and general man-
ager of the TriQuint Optoelectronics division.

Newly released optical components include
two modulators, a 10 Gbit/s avalanche pho-
todiode receiver, a transmitter and four laser
sources. The extension of TriQuint’s Netlight

small-form-factor/small-form-factor-plug-
gable (SFF/SFP) product line will now pro-

| vide a full range of transceivers for Gigabit
Ethernet, SONET/SDH and Fiber Channel
applications that are MSA-compliant and
incorporate digital diagnostics. TriQuint also
announced the development of a full line of
low-cost, high-performance 10 Gbit/s uncooled

| and cooled transmit optical sub-assembly
(TOSA) and receive optical sub-assembly
(ROSA) optical engines to support all reach

distance versions of the MSA standard XFP
transceiver and X2 transponder modules.
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high brightness LEDs
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Featuring exclusive TurboDisc® technology, EMCORE's
GaNzilla“” MOCVD system offers the highest throughput in
the industry for the growth of advanced GaN materials, including
green, blue, and UV LEDs, GaN FETs, and blue spectrum lasers.

® Fully configured high volume production platform
Low power consumption and efficient use of reactants

~@ Exceptional wavelength uniformity
® Low maintenance requirements lead to maximum

production time —

oe For more information, please
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Anadigics buys RF Solutions’ WLAN product lines
Anadigics has acquired the complete wireless
local-area network (WLAN) power amplifier
(PA) and module product lines from RF
Solutions, a privately held fabless supplier of
WLAN semiconductor products based in
Atlanta, GA. The transaction is expected to
broaden Anadigics’ customer base and accel-
erate its penetration into the emerging WLAN
market. The product line addresses the IEEE
802.11la, b and g WLAN standards.

The acquisition included RF Solutions’

WLAN PA development operation and 16
employees comprising engineering, sales and
marketing and operations personnel, as well
as intellectual property concerning PA and
module product design.

The deal will cost Anadigics $2.8 million
in cash and up to 3 million common shares,
currently valued at around $6.5 million, based
on achievement of certain revenue targets over
the next year. Anadigics is not the only GaAs
IC manufacturer to have expanded into the

market for WLAN chipsets. In 2002, RF
Micro Devices acquired Resonext Communi-
cations, a fabless designer and supplier of
CMOS chips for WLANs (Compound Semi-
conductor December 2002 p10).

“Our new WLAN PA team brings enor-
mous value in terms of products, applications
support, design talent, customer relationships
and entrepreneurial spirit to help drive our
growth in the WLAN market,” said Bami
Bastani, president and CEO of Anadigics.

RF Micro Devices
opens design center
in Boulder

RF Micro Devices has opened a new design
center in Boulder, CO, after acquiring the
assets and intellectual property of Channel

Technology, a privately held RF and mixed-
signal semiconductor company. Specific
terms of the transaction were not disclosed.

The Boulder office will focus on designing |
highly integrated products that support the

convergence of multiple standards, such as
cellular, wireless LAN, Bluetooth and GPS.

“The Boulder design center team should

help us accelerate the trend toward these next-
generation devices, through their expertise in

DSP direct mixed-signal calibration and large
mixed-signal system-on-a-chip integration CELER

ITEK

optimized for multi-standard radios,” said Bill |
Pratt, RF Micro Devices’ CTO.

Anadigics develops
lead-free packaging
technology

Anadigics has developed an RF module pack-
aging capability in support of customer efforts

to produce lead-free products that meet
European and Japanese environmental legis-

lation. Lead reduction has meant that board
assembly reflow processes require increased

peak temperatures of 250 °C. Anadigics’ new
laminate-based packaging technology
exceeds JEDEC (also known as the Solid

State Technology Association) specifications
that account for the added thermal and
mechanical stresses involved in higher-

temperature processing.
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Celeritek unveils passive-free PA modules

an
Removing passive components is allowing Celeritek to further shrink its modules.

| The rapid changes in PA module technology
| took on another dimension recently when

| Celeritek announced a PA module that it
| describes as the world’s first to use passive-

| free technology (PFT). This means that the
module does not contain passive components
within the matched module, and consists only
of a molded lead frame and InGaP HBT die.
According to Celeritek, its competitors use
between four and seven passive components

| within their equivalent module packages. In
compliance with the international directives

for a reduction in hazardous materials in elec-
tronic manufacturing, all PFT-based modules
are lead-free.

Celeritek’s first PFT product isa W-CDMA
module, the CHP2219-ML, which targets 3G

applications. The module is offered in a com-
pact, 4x 4mm/° 10-pin lead-frame package
with a thickness of only 0.85 mm. The dimen-

sions of the package provide handset cus-
tomers with more space to add new features

and functionality while at the same time sig-
nificantly reducing the total bill of materials.

To enable longer handset talk and standby
times, Celeritek has improved the efficiency
of its modules. The CHP2219-ML has a PAE
of 41% for W-CDMA operation at 1920-1980

MHz. Other characteristics include an output
power of 27.0 dBm and gain of 27.0 dB.

Celeritek has begun to apply PFT to a broad
range of frequencies and products in order

to further reduce board space and cost when
compared with alternative solutions. The

company has also announced the availability
of four new 3 x 3 x | mm PA modules using
PFT for use in CDMA wireless handsets and
other hand-held systems. The modules are

now sampling to wireless handset OEMs and
are priced at $1.75 in quantities of 100,000.
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Cree receives $100 m LED order
Nitride LED manufacturer Cree has revealed
that Sumitomo Corporation has agreed to pur-
chase approximately $100 million of Cree’s
LED products during Cree’s fiscal year end-
ing June 30, 2004. Sumitomo sells Cree’s
LED chips to packaging customers in Japan.

This purchase commitment, which is the
largest in Cree’s history, is subject to end-
customer demand and other terms and condi-
tions. The amount of the agreement is four
times larger than Sumitomo’s commitment
last year.

Cree and Sumitomo anticipate that the pur-
chases will cover Cree’s full line of LED prod-
ucts, including standard-brightness devices,
MegaBright and other mid-brightness
devices, and XBright LEDs.

“This agreement is indicative of the growth
we have experienced in Japan,” said Chuck
Swoboda, Cree’s president and CEO. “We
believe this is a direct result of our sales and
engineering team at Cree Japan, Inc work-

compoundsemiconductor.net

Ledtronics LED lamp
lights aircraft signs

ing closely with Sumitomo to support the
major LED packagers in Japan.”

“In the past year we have seen explosive
growth in the market for Cree’s LEDs in
Japan,” said Koichiro Kusano, general man-
ager of Sumitomo’s Electronic Materials &

Equipment department. “We are excited that
the business is spread across multiple appli-
cations among Japan’s leading optoelectronic

companies.
“Sumitomo sees continued growth in this

segment, especially with the introduction of
Cree’s market-leading high-brightness prod-
ucts. This agreement represents our commit-
ment to Cree’s business in Japan as well as
supporting the increasing customer demand
for Cree’s products.”

The agreement reflects expected demand
for the second year of the existing three-year
distributorship agreement with Sumitomo,
and ensures a continued local supply of Cree’s
LED chips for the Japanese market.

Ledtronics, which manufactures a range of
LED-based products, has received approval
for one of its LED lamps to be used in DC-9
commercial aircraft. The aviation market
offers significant opportunities for LEDs, in
interior and exterior lighting on aircraft, and
for airport lighting. The Federal Aviation

Authority has approved Ledtronics’ lamp for
use in no smoking/fasten seatbelt signage
(see photo), as well as indicators such as those
marking the locations of lavatories and emer-
gency exits.

COMPOUND SEMICONDUCTOR May 2003

ighton Electronics, Inc.

NON-DESTRUCTIVE MOBILITY
for Product Wafers

The LEI Model 1600 Measures

¢ Carrier Mobility (600 - 20,000 cm?/V-s)

Contact us:

p: 610.377.5990

10KGauss GMW Magnet not shown

f: 610.377.6820

¢Sheet Charge Density (1E10 - 1E14 carriers/cm?)

° Sheet Resistance (>100 0/Q)

Orders in production for: Nippon Institute of Technology (Japan)
HRL Laboratories, LLC (CA, USA)

Stop wasting $$$ on Hall wafers
and lost reactor time!

e: lei@lehighton.com

www.lehighton.com
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Oki develops improved AlGaN HEMT
Oki Electric Industry Co, Ltd has developed
a high-performance AlGaN/GaN HEMT
grown ona SiC substrate. The device achieved
a figure of 500 mS/mm for transconductance,

compared with 327 mS/mm for previous
Oki devices. To improve the amplification
characteristics, Oki successfully fabricated

T-shaped recessed gates, reduced the gate
length, and optimized the device structure.
The transistor had f, and f,,,, values of 67 and
126 GHz, respectively.

“This development marks a critical step
towards broadening the applicability of GaN

HEMTs, which we expect to be an essential
device in the next generation of wireless com-
munications systems,” said Harushige Sugi-
moto, general manager of the Corporate R&D
Center at Oki Electric. “I believe this record
high transconductance results from our R&D

dedication to innovative technologies.”
To achieve high power output using a con-
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T-shaped gate electrode

SOUrCce

recessed gate

SiC substrate drain

Oki’s AlGaN-on-SiC HEMT structure

features a T-shaped recessed gate.

ventional J-shaped gate, the gate must be made
wider and longer, increasing its resistance and
decreasing the operating frequency. A T-shaped

gate electrode provides a larger cross-section
and consequently a lower electrode resistance.

The use of a recessed gate dramatically

reduces the parasitic resistance of the transis-
tor, while improving amplification and high
frequency characteristics. Recessed gates
require very difficult, high-precision fabrica-

tion techniques rarely applied to GaN HEMTs.
The rapid increase of channels made nec-

essary by growing communications volumes

has increased the need to reduce power con-
sumption and space per channel of mobile
phone basestations and other wireless com-

munications systems. With its improved
amplification characteristics, Oki’s new

power transistor makes it possible to reduce

the number of amplifier stages in transceiver
equipment, providing a precise response to
this market demand.

Oki intends to increase the power output
and reduce the cost of the GaN-on-SiC
HEMTs. It plans to begin sample shipments

in late 2003 to customers building mobile
phone basestations and wireless LANs.

Sumitomo Electric produces GaN wafers in volume
Sumitomo Electric Industries Ltd of Japan has
commenced volume production of gallium
nitride substrates for the fabrication of GaN-
based violet lasers. The use of GaN as a sub-

strate instead of sapphire or SiC is expected
to significantly reduce defect formation dur-
ing epitaxial growth. In turn, this will improve

the performance and manufacturability of
violet lasers, which will be used in next-

generation optical disc drives.
Sumitomo Electric expects to produce the

substrates, each of which can be used to make
10,000 lasers, at an initial rate of 200 units per
month. It plans to boost output to 500 units per

month in October and market the substrates
to laser manufacturers.

Other Japanese wafer manufacturers
including Hitachi Cable have plans to produce
GaN substrates (Compound Semiconductor
April 2003 p14). Furukawa also intends to
start producing both GaN and sapphire sub-

strates for the nitride market.
Sumitomo Electric first announced the

development of GaN substrates in 2000. The

company developed a process called DEEP,
or Dislocation Elimination by Epitaxial
growth with inverse-pyramidal Pits. GaN is

grown by vapor-phase deposition on a carrier

substrate, which is subsequently removed.
The key to the technique is the formation of
inverse-pyramidal pits on the surface of the

GaN layer—as the layer grows and the pits get

larger, dislocations are concentrated at the bot-
tom of the pits. This reduces the dislocation

density on the surface surrounding the pits to
around 10°/cm?, which is about 10* times less
than the dislocation density of conventional
GaN epitaxial layers on sapphire substrates.

Sumitomo Electric is also involved in a dif-

ferent approach to wide-bandgap optoelec-

tronic components. The company recently
formed a joint venture, Supra Opto, with
Procomp Informatics to manufacture ZnSe

white LEDs (Compound Semiconductor

January/February 2003 p5). According to Der-
Cherng Liu of Supra Opto, prototype versions
of the new white LEDs will be available in the

second quarter of 2003.

Lumilog introduces
GaN-on-sapphire
substrates

French company Lumilog has commenced

production of a novel Fe-doped semi-
insulating GaN substrate for the growth of

AlGaN/GaN HEMTs and other nitride-based
electronic devices. The product consists of a

4 um thick GaN layer grown by MOVPE on
a2 inch sapphire substrate. The GaN exhibits

COMPOUND SEMICONDUCTOR May 2003

a sheet resistance higher than 10’ Q at 300K,
as well as a low threading dislocation density. |
High-quality GaN substrates are required to

fabricate long-lived, efficient and reliable
devices such as lasers, LEDs and transistors.

Located in the Technological Park of
Sophia Antipolis near Nice, Lumilog is a spin-
off from the Centre National de la Recherche

Scientifique (CNRS). The company also pro-

duces epitaxial lateral overgrown GaN on
2 inch sapphire with a very low dislocation

density between stripes, and is developing
free-standing bulk GaN substrates.

DVD Forum to ratify
Blu-ray competitor

The DVD Forum, an international association
of electronic manufacturers, is to release a

new DVD standard later this year. Based on
the Advanced Optical Disc format developed

by Toshiba and NEC, the standard uses violet
lasers to provide a recording capacity of 20 Gb

for single-side, single-layer discs. It will com-
pete with the Blu-ray standard developed by

Sony and several other companies.
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Cambridge University wins funding
The Materials Department of the University
of Cambridge, UK, has received funding from
the UK’s Engineering and Physical Sciences
Research Council (EPSRC) to continue its
work on nitrides. The group, led by Professor
Colin Humphreys, will conduct a three-year
program starting in May and funded to the
tune of £1.2 million ($1.9 million) to grow and
characterize GaN-based materials and struc-
tures. The grant will also fund optical studies
of GaN-based materials at UMIST, a univer-
sity in Manchester, UK.

“T am delighted with the news of this major
grant from EPSRC, which will enable us to
make exciting advances in optimizing a wide
range of GaN-based materials and structures,”
said Humphreys. Specific objectives include
the demonstration of blue and green MQWs
with an efficiency of 50%, and UV MQWs

with an efficiency of 15%. The group will
investigate a variety of other areas including
epitaxial lateral overgrowth, GaN growth on
silicon, dopant distributions, and energy lev-
els of individual defect states. The department
has expertise in a wide range of advanced
electron microscopy techniques, as well as
X-ray diffraction and AFM, to characterize

materials and device structures.
Since beginning its nitrides work three

years ago, the Cambridge group has achieved

TSS
E

The Cambridge University group grows

GaN-based material on a close-coupled
showerhead MOCVD reactor donated by
Thomas Swan Scientific Equipment.

some impressive results. “We have grown
InGaN QWs witha PL internal quantum effi-
ciency of 43% at room temperature, and
InGaN/GaN MQW LEDs with a power out-
put of 4.8 mW at 500 nm,” said Humphreys.

Results stem from collaboration
The group has also used electron holography
to show that In clustering reduces the piezo-
electric field across a single InGaN QW, and
grown InGaN quantum dots with a lifetime of
1.8 ns at peak intensity (in collaboration with
Oxford University). Other activities include
the growth of semi-insulating GaN with a
resistivity up to 10'! Q.cm, as well as corre-
lating growth conditions with dislocation type

and electrical resistivity.

Humphreys’ group grows GaN-based mate-
rial using a 6 x 2 inch MOCVD system donated
in 1999 by Thomas Swan Scientific Equip-
ment (TSSE), which is located only 10 miles
from Cambridge. TSSE maintains and up-
grades the reactor and also provides 25% of
the time of one of its growth experts, Ted
Thrush, while the university obtained funding
from EPSRC for installation and running costs.
Outside the university’s scientific programs,
TSSE funds engineering investigations such
as runs to prove uniformity and reproducibil-
ity, or testing of hardware modifications.

“The combination of excellent results and
the ability to bring potential customers to the
university to see our equipment in action has
had a major impact on the performance of the
company, said Thrush. For example, TSSE
believes that its leading position in the nitride
MOCVD equipment market in mainland
China can be traced back to visits made by
Chinese scientists to the Cambridge labora-
tory over the last two years.

Both TSSE and Cambridge University are
keen to stress the benefits of their collabora-
tion, and others agree. One of the referees of
the recent grant application saw the relation-

ship as “‘an excellent example of how indus-
trial and academic groups can work together
in a totally symbiotic way’.

Proceedings volumes are now available from two pivotal events in the compound semiconductor industry

The Key.
Conference

KEY CONFERENCE 2003
The Future Prospects for the Compound
Semiconductor Industry
The proceedings are now available at a 20% early-bird discount.

The 2003 Key Conference provided a forum for managers to gather and
discuss the future prospects for compound semiconductor devices.
All of the speakers were hand-picked by the organizers for their
knowledge of the forces that will shape the future of the industry.

Order before June 20, 2003 to take advantage of the introductory price
of $295 (full price $370). For further details and to order, go to
keyconference.com.
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Dedicated to the high-volume manufacturing of compound

copy.

semiconductor devices, CS-MAX 2002 combined a technical
conference with the industry's largest show.
The technical proceedings are now available. These contain
94 papers on the high-volume manufacturing of compound
semiconductor and silicon heterostructure devices. $100 per

View the contents list and order your copy at
compoundsemiconductor.net/csmax.
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Bookham streamlines its operations
By Susan Curtis
In November 2002, when Bookham
Technology completed its purchase of Nortel
Networks’ Optical Components division,
CEO Georgio Anania was certain that com-
bining the Nortel operation with Bookham’s
previous acquisition of Marconi’s optical
components business would yield significant
cost efficiencies. Now, just four months on,
his strategy for streamlining Bookham’s man-

ufacturing facilities is becoming clear.
For a start, Nortel’s former InP chip man-

ufacturing plant in Ottawa, Canada, is being

closed and the fab will be relocated over the
next 12 months to the ex-Marconi facility in
Caswell, UK. Also, Bookham’s assembly and

test operations are being consolidated at the
former Nortel site in Paignton, UK.

The Paignton facility transforms individ-

ual components — such as the optical chips
made by Bookham’s manufacturing plants at
Caswell and Zurich, Switzerland — into
packaged products that are ready to be
installed into optical networking equipment.

A quick tour of the site reveals the sheer range
of products produced there, including a full
range of transmitters, receivers, lasers,
980 nm pump modules and optical ampli-
fiers. Anew addition to the facility is a semi-
automated line for laser assembly and test
recently moved in from Caswell.

Shifting priorities
However, it is clear that the volume of

products handled by the Paignton site has
dropped dramatically over the last couple of
years, in line with the precipitous decline in
the optical components market. “In its hey-
day the plant was running 24 hours a day and

seven days a week to keep pace with demand,”
says Tim Durrant, an operations manager at

the site. At that time, some 7000 people were
employed at Paignton, but now the headcount
has dropped to 800, and many of the work-

stations stand idle.
But the decline in volume hasn’t stopped

innovation at the site. On the contrary, the tele-
com downturn is encouraging engineers to
work more closely with their customers to
deliver bespoke components that meet spe-

cific demands.
Furthermore, with systems houses cutting

down on their own engineering resource, it is
up to component makers like Bookham to

COMPOUND SEMICONDUCTOR May 2003

Tough market conditions are slowing down

Bookham’s drive towards automation.

design and manufacture value-added prod-

ucts, such as complete line-cards rather than
discrete components. An on-site R&D lab
allows engineers to modify designs and opti-

mize device performance, while also ensur-
ing that any new designs can be implemented

on the production line.
However, the difficult economic situation

is putting the brakes on the drive towards
automation. Although some assembly

processes at Paignton have already been auto-
mated, Durrant explains that the volumes are
now too low to justify investment in further

labor-saving equipment.
Take the assembly of optical receivers as

an example. A series of automatic machines
has been installed to position and attach indi-
vidual elements within the module package,
but operators are still needed to physically
move the product from one machine to
another. “We have the building blocks here to
fully automate the production line,” says
Durrant, “but we need greater volumes to war-

rant the expense.”

Weighing up the cost
Durrant explains that automation is relatively
straightforward for process steps that only

involve chips, components and packaging.
“However, automation remains a very expen-

sive option for any process that involves fiber,
and that’s what makes the production of opti-
cal components so different from chip manu-

facturing,” he says.

For example, the receivers and transmitters
that zoom off the automated production line
must be passed to skilled operators for fiber
alignment, which remains a painstaking and
time-consuming process. To prevent a bot-
tleneck at this stage, the automatic line is
switched between the assembly of several dif-
ferent products, allowing a number of align-
ment operators to work on those different
products at the same time.

Automatic alignment systems are avail-
able, but Durrant says that they remain too
expensive to be economically viable, partic-
ularly in the current climate. The continuing
need for highly manual procedures makes

process control an integral element of each
assembly stage. After alignment, for exam-

ple, the same operator measures the optical
output of the device to ensure that it meets
expectations. “The operator has control over
the entire process, which provides an extra
incentive to do the job well,” says Durrant. “It
also identifies any problems quickly to
improve product yields.”

The same approach is taken in all the
assembly operations. And at final test, every
effort is taken to replicate conditions in real
networks. “This site was originally used to
manufacture components for submerged

cables, and we have the same mentality today
when it comes to ensuring performance and
reliability,’ says Durrant.

Meanwhile, Bookham is working fast to
integrate operations at the Paignton site with

its activities at Caswell and Milton, near
Oxford, UK. “‘Nortel, Marconi and Bookham

all had slightly different approaches to com-
ponent manufacture,” says Durrant. ‘“‘We are
having many exchanges of ideas that will help
us to establish best practices across all our
manufacturing facilities.”

While it could be argued that the slack in
the market offers the ideal opportunity to

streamline and optimize operations, Durrant
maintains that engineers at the site are just

as busy as ever. “We are constantly working
to improve the products and adapt the designs
to meet specific customer requirements,” he
says. “In this market we have to work hard
to win every contract.”

Susan Curtis is contributing editor of FibreSystems
Europe magazine. This article originally appeared

in FibreSystems Europe March 2003.
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Infineon begins production of 1310nm VCSELs
While several companies have demonstrated
the capability to make long-wavelength
VCSELs, Infineon looks set to become the
first to commence high-volume manufactur-
ing. In March, it announced the availability of
1310nm VCSELs, which are now sampling
to customers. High-volume production will
begin in the second half of 2003.

Infineon has also demonstrated a 1310 nm
VCSEL variant of its intelligent small-form
factor pluggable (iSFP) transceiver module,
which it will make commercially available in
the second half of 2003.

Unlike the incumbent long-wavelength

DFB and Fabry-Perot lasers, which emit light
from the edge of the structure, VCSELs emit
light from the surface, which simplifies pack-

aging, allows on-wafer testing and results in
a significant cost advantage. While 850 nm

VCSELs dominate short-reach (up to 300 m)
datacom applications, 1310nm VCSELs
allow transmission distances of up to 10 km.

Infineon has been producing 850nm

INFIN
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Infineon intends to start high-volume

manufacturing of 1310nm VCSEL products.

VCSELs in high volumes for several years,
but like other manufacturers has been grap-
pling with the problems of integrating the dis-
similar materials that are required to
implement the active and mirror regions of
longer-wavelength VCSELs. So far, long-
wavelength VCSELs have not had sufficient
output power or reliability to replace edge-
emitters for longer-reach applications.

Infineon’s approach is to use a monolithic

structure comprising GaAs-based epitaxial

multilayer mirrors combined with a dilute
nitride GaInAsN active region. This removes
the need for complicated wafer-bonding pro-
cedures to integrate an InP-based active layer
with GaAs-based mirrors.

The VCSEL’s output power of 0.5 mW can
be maintained up to 85 °C. The spectral line
width and side-mode suppression perfor-
mance of the 1310 nm single-mode VCSEL
are equivalent to or better than a DFB laser.
Low threshold and operating currents allow
use in low-power consumption applications,
and the heat dissipation is much less than that
of a conventional edge-emitting laser. At pre-
sent Infineon’s 1310 nm VCSEL can be used
for data rates of up to 2.5 Gbit/s, and a
10 Gbit/s version is in development.

In related news, Picolight has demonstrated
SFP transceivers based on 1310 nm VCSELs
with an operating speed of 2.5 Gbit/s. Fora
given data rate, 1310nm VCSEL transceivers
use 16—25% of the power of edge-emitter-
based solutions, says the company.

Finisar acquires Genoa, relocates Demeter
Fiber-optic components manufacturer Finisar
has continued with the acquisitions, dispos-
als and business consolidation activities that
began as it geared up for the telecom boom
and are continuing as it reshapes for today’s
leaner environment. It has acquired optical
amplifier manufacturer Genoa of Fremont,
CA, in a stock-based deal valued at about

$6.5 million. Genoa’s CEO Fariba Danesh
will become Finisar’s new COO.

Genoa’s linear optical amplifier (LOA)
uses a single-chip design that incorporates a

long-wavelength VCSEL. Finisar’s interest
is probably less driven by its desire to have an
optical amplifier in its portfolio than by its
interest in acquiring Genoa’s 1310 and
1550nm VCSEL technology. These VCSELs
could be incorporated into Finisar’s trans-
ceiver products, which are aimed at enterprise
and metropolitan networks.

Like many similar-sized start-up compa-
nies in the fiber-optic components industry,
Genoa has struggled with low demand, espe-
cially from DWDM applications where its

LOA is targeted.
Finisar is also closing down its Demeter

Technologies facility in El Monte, CA.
Demeter produces long-wavelength Fabry—
Perot and DFB lasers and was acquired by
Finisar in 2000. Finisar is moving Demeter’s
activities to Genoa’s site in Fremont. In
October 2002, Finisar sold Sensors Unlimited,
which it acquired for $700 million in 2000,
back to the company’s management team for

$6.1 million (Compound Semiconductor
November 2002 p30).

Quantum Electronics & Sensor Technologies
... driving advanced compound semiconductor technology into the future
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Kamelian wins more
funds, new investor

Semiconductor optical amplifier (SOA) man-
ufacturer Kamelian has secured $6.3 million
in the latest round of funding for its UK-based
operations. The funding round included a new
investor, Japanese company Hoya, which
joined Kamelian’s previous backers, includ-

ing 31 Group, Goldman Sachs and Lightspeed
Venture Partners. Hoya is well established
in the optics industry, but in recent years has

Picolight, IBM demonstrate 120 Gbit/s link
Picolight and IBM have demonstrated a

120 Gbit/s optical link using a single thumb-
sized 12-channel module. Each channel oper-

ates at 10 Gbit/s and transmits over a standard

12-fiber ribbon. This enables seamless up-
grades to existing systems, and more than
triples the performance of current 12-channel

transmit/receive modules. The demo combined

Picolight’s 12 x 10 Gbit/s parallel VCSEL

been diversifying into new areas, including
SiC substrates (Compound Semiconductor
August 2003 p13). Kamelian’s total funding
so far is now around $30 million.

To date, Kamelian’s products have been rel-
atively simple InP-based optical preamplifiers
and optical power boosters. However, at OFC
in March the company revealed an all-optical
wavelength converter, the product towards
which it has been working for some time.

The wavelength converter uses an SOA on
each of the two silica waveguide arms of an
interferometer. The arrangement is similar to

optics with IBM’s SiGe 12-channel VCSEL
driver IC. The module occupies about one
square inch of board space, the same as
Picolight’s 12-channel, 40 Gbit/s modules.

“This format is a more reliable alternative
to low-speed, high-channel-count solutions
using up to 48 channels [and 2D VCSEL
arrays] to achieve the same throughput,” said |
Jack Jewell, founder and CTO of Picolight.

dur Semiconductor materials needs from
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that of aMach—Zehnder modulator, except
that there are two inputs, a tunable CW light
source and the data signal. The wavelength of
the output is set by changing the wavelength
of the tunable CW input. If the tunable laser
is set to the same wavelength as the data input,
the device acts as a data signal regenerator,
which reamplifies and reshapes the input. The
product demonstrates Kamelian’s technology
for integrating its InP-based SOAs with silica
passive components on a silicon platform, an
integration system that it intends to extend to
other devices for fiber-optic networks.

_Scotland gains opto
packaging facility

A £4.2 million ($6.75 million) facility is to be
established in Livingston, Scotland, in con-
junction with the Scottish Optoelectronics

Association, to commercialize packaging tech-

nology for complex optoelectronic chips. It will
bridge the gap between design and manufac-

turing qualification of optoelectronic devices.

USA: +7 670 861 6930

Europe: +44 2920 839 400

Japan (E&M): +87 797 34 6655

Korea (K1): +82 2 597 3961
Taiwan (Conary): +886 22 509 1399

epiwafers: www.igep.com

substrates: www.wafertech.co.uk
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IN ASSOCIATION WITH OPTOTECH MAGAZINE

Toyoda UV LEDs power
photocatalyst purifier
Koha and LED maker Toyoda Gosei have
formed a joint venture, TG Opseed, to supply
a photocatalyst system for deodorizing and
sterilizing in hospitals, airplanes, refrigera-
tors and freezers. The system uses 380 nm UV

LEDs supplied by Toyoda Gosei to replace
mercury-containing black lights. The photo-
catalyst material, developed by Koha, is made

from titanium dioxide attached to silica gel
rather than activated charcoal. The silica gel

transmits light well, has a large surface area
and readily absorbs organic materials.

Systems using black lights need much higher
power and cannot be used in low-temperature
settings. Toyoda Gosei also supplies UV
LEDs to Toyota Motor Company for use in
photocatalyst-based air purifiers in cars.

TOYO
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oxidized
titanium-based
photocatalyst

UV LEDs

An photocatalyst purifier using Toyoda

Gosei LEDs has been used in air

conditioning systems in Toyota cars.

Taiwan R&D alliance officially established
In mid-March, the Ministry of Economic

Affairs (MoEA) in Taiwan launched the III-
V Semiconductor R&D Alliance. According

to Huang Chong-Chiu, director of industrial
technology at MoEA, the alliance will com-
bine the R&D energy of industry, universities

and research institutes with related govern-
ment resources. The purpose is to improve the
technological ability of the Taiwanese III-V

semiconductor industry, and to make Taiwan
a significant supplier of epitaxial and device
wafers and equipment.

Furukawa develops
1300 nm VCSEL

Furukawa Electric has developed a 1300 nm

VCSEL operating at up to 10 Gbit/s. The
device is designed for short- to mid-range

fiber-optic networks with a reach of 10 km or
less. Edge-emitting lasers providing data

rates of 10 Gbit/s cost around ¥10,000 ($85),
while 2.5 Gbit/s devices cost around ¥4000.

Furukawa estimates that the low-cost manu-
facturing techniques associated with VCSELs
will allow the company to offer high-speed

devices with a price tag of around ¥4000.

Latest LED news
from Taiwan

Reports from Taiwan suggest that the price of
blue LEDs has dropped considerably in recent
months from about NTD3 (8.5 cents) to

NTD 2.5 (7 cents). As production capacity
in the country continues to rise, further price
reductions could occur.

Meanwhile, LED packaging company
Lite-on Technology looks set to receive autho-

rization from Toyoda Gosei to manufacture
white LEDs under a patent license from the
Japanese LED manufacturer.

Opto Tech plans to set up factory in China
Opto Tech plans to invest $5 million to set up
an LED manufacturing plant in Suzhou,

China, to compete for business opportunities
arising from the 2008 Olympic Games in
Beijing. Opto Tech (Suzhou) Co Ltd will man-

ufacture products such as large-scale sign-
boards and traffic lights. Construction of the

COMPOUND SEMICONDUCTOR May 2003

plant began in mid-March, and trial produc-

tion will start in the fourth quarter of 2003.
Opto Tech will also invest $10 million in Jia
Xing, a company set up in mainland China to
manufacture low-brightness LED chips.

e Our feature article on compound semicon-
ductors in China begins on p41.

Formosa Epitaxy
goes public

Nitride LED manufacturer Formosa Epitaxy,
located in the Lungtan Science Park, Taiwan,
went public on April 11. Chien Feng-Jen,
chairman of Formosa Epitaxy, points out that

| counterfeit money was widespread last year,
| and that UV LED-based systems for examin-

ing paper currency became very popular. As
a result, the company received significant
orders for UV LEDs, and recorded a sales vol-
ume of NTD 490 million ($14 million), anda
net profit after tax of NTD 240 million.
Formosa Epitaxy also produces LED back-
lights for mobile phones.

White LED source
from Matsushita
generates 120Iim

Using 64 blue LED chips combined with yel-
low fluorescent powder, Matsushita has pro-
duced a white LED source that generates
120 1m. Using a substrate with excellent heat-
dissipation properties, the company was able

to pack the chips into an area of just 2 cm’.
Matsushita says that the temperature of the
package rises by only 1.2 °C for every | W

of input power, allowing the LEDs to be dri-
ven by up to 8 W. Commercial versions of the

| device are likely to appear next year.

Sanyo Electric develops
100 mW nitride laser

Sanyo Electric has developed a 100 mW
violet laser and plans to start shipping
samples by July. The device could double
the capacity of Blu-ray optical drives by
allowing the use of dual-layer discs.

Sumitomo expands GaP
wafer production

Sumitomo Metal Mining plans to expand
its output of GaP wafers by a factor of
four, based on demand from transparent-
substrate (TS) AlGaInP LED makers.
Such LED structures are grown on GaAs
wafers before being transferred to
transparent GaP substrates.
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Growth predicted for gallium market
By Tim Whitaker
After a huge spike in 2000, the demand for
gallium appears to have stabilized and looks
set to grow steadily for the next several years.
According to a new report from Roskill
Information Services, worldwide gallium
demand peaked in 2000, but fell by one-third
in 2001 to 141 tons (in this article “ton” refers
to metric ton, or tonne, which is equal to
1000 kg). The market recovered to 162 tons in
2002, and Roskill predicts that demand will
grow by 8—10% per year, reaching 280 tons by
2008 (figure 1). The market research firm says
that growth will be driven by the recovering
wireless market, particularly the advent of 3G
services, and also by the LED market and
notably a growing demand for white LEDs.
Unlike other metals, such as indium, there are
very few uses for gallium outside the com-
pound semiconductor industry. Gallium is used
to manufacture GaAs and GaP substrates, as
an atomic source in MBE growth, and to make
metalorganic precursors for MOVPE growth.

The fall-offin demand for gallium is attrib-
uted largely to the slump in the mobile phone
handset market and the effect of this on the
GaAs industry. In 2000 the prospect of con-
tinued rapid growth in demand, coupled with
areal or perceived shortfall in supplies of start-
ing materials, caused the GaAs IC makers to
stockpile substrates. This affected the entire
supply chain and caused gallium suppliers to
expand their production capacity. At that
stage, a demand level of 350 tons of gallium
was forecast for 2008.

The apparent supply shortfall in early 2001
caused prices to skyrocket; by the end of
March, spot prices reached $2250/kg, com-
pared with around $550/kg two years earlier.
(The spot price is the current price paid on the
open market; large consumers will negotiate
long-term contracts with significantly lower
prices.) However, the slump in the GaAs IC
industry in 2001 caused gallium consumption
to fall dramatically, and prices did the same.

According to the United States Geological
Survey (USGS), prices for high-purity gallium
(6N, or 99.9999% pure) were in the range of
$400—500 per kg at the end of 2002 (figure 2).

Gallium production
In nature, gallium occurs in very small con-
centrations in rocks and ores of other met-

ais. Most gallium is produced as a by-product
of extracting aluminum from bauxite, while
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gallium peaked in March 2001 and are now

steady at around $450/kg.

the remainder is extracted (principally by
Dowa Mining in Japan) from by-products of
zinc processing. Other leading primary pro-
ducers include GEO Gallium, Pavlodar
Alumina of Kazakhstan, and several compa-
nies in both Russia and China. Back in 2001,
Canadian company Gold Canyon Resources
said it was evaluating mineral deposits in
Nevada to assess the feasibility of extracting
gallium as a principal product (Compound
Semiconductor June 2001 p4). CEO Robert
Carrington recently said that Gold Canyon’s
Cordero gallium project was moving slowly
at the moment, but production could start by
the end of 2004 if the market picks up again.

While a small number of companies oper-
ate gallium extraction plants, others includ-
ing Dowa Mining and Sumitomo Chemical
in Japan and GEO Gallium purify the
extracted gallium to make it suitable for semi-
conductor applications. According to USGS,
primary production of crude gallium was
about 61 tons in 2002, down from about

75 tons in 2001. Refined gallium production
was about 81 tons, a figure that includes gal-
lium produced by recycling scrap material.
This comes from the production of GaAs and
GaP substrates, as well as GaAs IC wafer pro-
cessing and the LPE and VPE growth of
LEDs. Dowa Mining, which has a subsidiary
producing substrates and LEDs, is one of the
world’s largest gallium-refining companies.
Recycling companies in Europe include
Groupe Arnaud Electronics, MCP Group and
PPM Pure Metals, which along with
Furukawa is a major manufacturer of high-
purity arsenic.

Recycling scrap material
Back in 2001, at the height of the gallium price
boom, GaAs substrate maker Sumitomo
Electric estimated that it was internally recy-
cling 40% of the gallium used for crystal
growth. A further 20% was retrieved from
GaAs device makers in the form of broken
wafers, sludge from wafer thinning and waste
from epitaxial source material.

Clearly, now that gallium prices have fallen
well below their pre-boom levels, there is
much less incentive for recycling. Until last
year, Eagle-Picher Technologies refined low-
purity gallium, recycled GaAs scrap and man-
ufactured gallium compounds in Quapaw,
OK. However, at the end of November 2002,
Eagle-Picher exited the gallium products busi-
ness. According to marketing and sales man-
ager Huey York, the decision was “based on
continued soft demand from customers in the
telecom and semiconductor markets as well
as the downturn in the optical fiber industry.”

A management group from Eagle-Picher
has purchased the company’s gallium assets
and formed a spin-off. Greg Evans, vice-
president and general manager of the new
company, Gallium Compounds LLC, says
that its product lines will remain the same.
“However, we will not be recovering gallium
from GaAs or other scrap material,” he said.

Recapture Metals of Blanding, UT, also
recovers gallium from scrap material. One of
the company’s owners, Dale Slade, says that
it was badly hit by the sharp decrease in
demand in 2001. “We had to lay off about half
our staff,” he said. “However, demand has
been returning gradually in recent months,
and we have taken some staff back.” Slade
says that Recapture Metals plans to recycle at
least 20 tons of gallium during 2003.
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GEO Gallium
One of the largest gallium producers, GEO
Gallium, operates an extraction plant in
Germany and a purification plant in France.
At the start of 2001, the company announced
plans to re-open a mothballed gallium extrac-
tion plant in Pinjarra, Australia, with the
capacity to produce 100 tons of 99.99% (4N)
pure gallium per year. In November 2001,
GEO signed a supply agreement with Alcoa
of Australia (an aluminum producer) to pro-
vide feedstock for the Pinjarra plant, but also
announced that the plant’s start-up would be
delayed until at least the end of 2002.

In September 2002, GEO announced that
it had exercised its purchase option agreement
with Rhodia Chimie SA to take control of the
Pinjarra plant. At the time of writing, GEO
was unable to comment on whether it had
started work to open up the facility.

Gallium in China
China is emerging as a large gallium producer,
with a total nominal capacity of around 80 tons
according to Roskill. Primary producer Great

Wall Aluminum recently increased its capac-
ity to 15 tons per year. In late 2001, Sumitomo
Chemical announced the formation of a joint
venture company in China that planned to
build a factory capable of refining 40 tons of
gallium per year.

In early 2002, US substrate maker AXT
announced that it had created a joint venture,
Beijing JiYa Semiconductor Material Co, Ltd,
to produce 4N gallium in China. AXT's part-
ners include Shanxi Aluminum Factory,
China's largest aluminum producer, with an
annual capacity of 1.2 million tons. Gallium
is extracted as an impurity from a chemical
mixture formed as an intermediate process in
the manufacture of alumina. The concentra-
tion of gallium is among the highest available
worldwide, making its extraction highly ben-
eficial to both parties.

A spokesperson for AXT said that Beijing
JiYa Semiconductor Material provided more
than 10 metric tons of 4N gallium in 2002, and
projects to exceed that volume in 2003. The
4N gallium is typically refined into 6N or 7N
material by a third party, before being used in

final applications including GaAs substrates.
Despite the large nominal capacity for gal-

lium production in China, Roskill estimates
that actual production was about 25 tons in
2001, and dropped still further in August 2002
owing to low prices and demand.

USGS estimates that the price of low-purity
gallium (4N, or 99.99% pure) from China was
around $250/kg in mid-2002. The cost to pri-
mary producers of extracting 4N gallium is
thought to be around $400/kg. It now appears
that the price of 4N gallium is currently rising
back towards the levels where primary pro-
ducers may restart their activities.

Although any short-term supply shortages
could cause prices to rise suddenly, it seems
that gallium suppliers have enough dormant
capacity to prevent a repeat of the price spike
in 2001.

The Economics of Gallium (7th edition) is

available from Roskill Information Services,

London, UK. Tel: +44 20 8944 0066. Web:

www. roskill.co.uk. USGS information is at

http://minerals. usgs.gov/minerals.

No One Understands
The World Of

GaAs Technology
Better Than M/A-COM.

_ M/A-COMIII-V Materials Group is the world's
most experienced supplier of semi-insulating

GaAs substrates. M/A-COM has been serving
sthe substrate needs of the GaAs industry

since 1979, and is very familiar with the
oS¢ = technical requirements of our

ex = * customers. M/A-COM's focus
a is on semi-insulating GaAs,

' with years of experience
> a ' supplying GaAs for ion| ‘ implantation and epitaxy.

+

y/ ‘ purity Sl-GaAs substrates that
you can depend on. M/A-COM

- SI-GaAs substrates are available in
3”, 100mm and 150mm diameter.

M/A-COM also offers SI-InP substrates
tailored for epitaxial growth, in 3” and 100mm

_ diameter. All are manufactured to meet the highest international
| standards for quality, including ISO 9001, so they deliver

consistent performance.

RSS AQ A TVG a .
BB
SSSSS—

SSS
=>
= ~i

v M/A-COM manufactures high

PALL
\ . Y

‘ \ y
et ,yy arama SS

’ .

yc | etecwories / mya-com M/A-COM III-V Materials / www.macom-gaaswafers.com / tel 978-656-2630 / fax 978-656-2800

22 COMPOUND SEMICONDUCTOR May 2003



Aixtron opens Taiwan office
Aixtron Taiwan celebrated the
opening of its new facility in the
Science Based Industrial Park in
Hsinchu, Taiwan, in April. Aixtron
Taiwan’s remit is to perform pro-
duction-oriented research with its
Taiwanese customers and to pro-
vide local support. ““Whereas our

other labs worldwide are aiming
more at fundamental research, the
clear orientation on production in
Taiwan gives us the chance to
concentrate our development

work on manufacturing aspects,”
said Christian Geng, general
manager of Aixtron Taiwan.

GET meets ISO standards
Giga Epitaxy Technology (GET),
a Taiwanese subsidiary of Hitachi
Cable that manufactures GaAs-
based epitaxial wafers, has
received ISO 9001 certification
for its quality management sys-
tem and ISO 14001 certification
for its environmental manage-

ment system.

GET, which produces MOVPE-
grown HBTs, HEMTs and
MESFETs, estimates that it has a

production capacity of 3000
6 inch wafers per month. After
several customers qualified its
products in 2002, the company
expects that sales will increase
considerably during 2003.

Emcore has announced the
sale of a GaNzilla MOCVD

production tool to Uni Light
Technology, in the Taoyuan
Kuishan Industrial Zone in
Taiwan. Uni Light will install

the tool to expand its capacity
for manufacturing GaN-based
HB-LED materials.

Emcore has also sold an
E300 GaNzilla MOCVD

production tool to Advanced
Epitaxy Technology (AET),

headquartered in the Hsinchu
Industrial Park, Taiwan. AET
will primarily use its new tool
for the high-volume
manufacture of GaN-based UV,
blue and green HB-LEDs.

Aixtron has received an order
for multiple AIX 2600G3 HT
MOCVD systems with
24 x 2 inch configuration from
China’s Shanghai LanBao
Photoelectric Material

Company. The MOCVD

reactors will be used for the

mass production of GaN-based

LEDs, and will be installed in
LanBao’s new production

facilities in Shanghai.

Mitsubishi Electric has
started mass production of
high-power lasers for DVD
applications on Aixtron AIX
2400/2600G3 systems. The
company’s red (650 nm) lasers
have output powers of 100 mW.

Mitsubishi now produces

about | million units per month
and plans to double its output.

NTT Advanced Technology

Corp in Japan has purchased a
multiwafer close-coupled
showerhead MOCVD system
from Thomas Swan Scientific

Equipment. The system will be
used for the research and
development of InP-based
devices.

Humboldt University in
Berlin, Germany, has ordered a

DCA MBE 450 machine for
zinc oxide research studies
from DCA Instruments. The
new MBE machine has an
extended linear transfer
system, which allows it to be
linked to an existing DCA
MBE module as well as an
AFM station.
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Opportunities still exist fo:
The GaAs industry can look
forward to modest growth,
further migration from MMICs
to modules and sub-systems,
and challenges from silicon
IC manufacturers, reports
Tim Whitaker.

fter a huge decline in 2001, the GaAsAin had a relatively good year in
2002 and looks set to grow again over

the next few years, according to speakers at
this year’s Key Conference (held March
10-12 in Key West, Florida). Steve Entwistle,
VP of the Strategic Technologies Practice at
Strategy Analytics, said he was “very confi-
dent that the GaAs microelectronics markets
will continue to grow’. GaAs continues to be
closely linked with the mobile handset mar-
ket, although the relatively slow growth in
handset shipments (10—15% annually) will be
offset by the decline in average selling prices
(ASPs) of semiconductor components.

In his talk entitled “What’s hot and what’s
not’, Entwistle identified automotive radar as
a exciting future market for GaAs (see box on
p26). Other opportunities exist in wireless
local-area networks, according to Earl Lum,
executive director of CIBC World Markets.
“The best opportunities are for PA and switch
sockets in the 802. 11a band at 5 GHz,” said
Lum. “Standards are becoming fixed, and nei-
ther CMOS nor SiGe perform well to the spec-
ifications.” He added that almost all chipset
vendors use GaAs PAs, although pricing pres-
sures are very intense. The market for digital
radios in millimeter-wave communications
suffered a serious setback in 2001/2, although
there are signs ofa possible recovery towards
the second half of this year. Emerging mil-
limeter-wave markets are one area where
companies can succeed on performance,
while cost is becoming a much more impor-
tant factor for established markets such as
wireless handsets.

Entwistle also said that InP won’t directly
compete with GaAs in mainstream markets.
During the bubble, lots of companies said they
were about to launch InP devices, and a great
deal of R&D work was carried out. Now the
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markets have been pushed back three or four
years. “InP looks likely to follow a similar
path to GaAs,” said Entwistle. “It will take
10 years to become an overnight success.”

Market numbers
According to Entwistle, the total GaAs IC
market (including MMICs, digital ICs and
discretes) declined by about 6% in 2002 toa
level of $2.72 billion, of which around 81%
was merchant sales and the rest was for inter-
nal consumption. While the MMIC market
showed 11% growth in 2002, the market for
digital GaAs ICs declined by at least 50%.
Facing stiff competition from both SiGe and
CMOS, GaAs has already been largely driven
out of 2.5 and 10 Gbit/s fiber-optic systems.
“This marks the end of GaAs in mainstream
consumer markets in the digital domain,”
said Entwistle.

Fortunately, despite the slump in 2001, the
analog semiconductor market as a whole has
not been subject to the cyclical behavior seen
in the overall semiconductor market, which is
dominated by digital ICs. Both Entwistle and
Lum broadly agreed that the analog GaAs mar-
ket was likely to grow ata fairly modest annual
rate of about 15% over the next few years.

Lum presented figures for the analog GaAs
market (table 1), showing a decline of 29%
from 2000 to 2001, followed by a further drop
of 13% in 2002. As shown in figure 1, the
GaAs market is continuing to shift towards
modules, which accounted for 35% of the
entire market in 2002. Since modules can con-

tain a range of technologies, not just GaAs,
this makes accurate counting of the GaAs
market increasingly difficult.

Lum also provided a run-down of the top
analog GaAs suppliers, as shown in figure 2.
Since 2001, Fujitsu Quantum Devices has been
overtaken at the top of the list by both RFMD
and Skyworks, which together accounted for

over 36% of the analog GaAs market in 2002
(figures for Skyworks show combined
Conexant and Alpha GaAs revenues). Fujitsu
experienced a revenue drop of 47% in 2002,
exceeded only by Motorola, which saw its
sales fall by 65%. TriQuint’s revenue fell by
more than 28%, even though the numbers
include Infineon’s sales. The top 10 compa-
nies, 6 from the US and 4 from Japan, together
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2000 ©2001 2002
Total GaAs market PL DD

(Strategy Analytics)

AnalogGaAsmarket 3.46 2.44 2.13
(CIBC World Markets)

Table 1. Different views of the GaAs market.
The increasing prevalence of modules
makes accurate assessment of GaAs
content more difficult.
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Fig. 1. The proportion of modules reached

35% of the analog GaAs market in 2002, as

handset makers required more integration.

accounted for more than 80% of the market.
Entwistle made a further series of predic-

tions about the market, one being that 4 inch
GaAs for microelectronics will continue in
the mainstream. This seems reasonable given
the industry slowdown over the past couple
of years, and the fact that two 6 inch fabs, at
Vitesse and Infineon, are being closed. Also,
the market for semi-insulating GaAs sub-
strates will grow to around 23 million square

inches by 2006, at least two-thirds of which
will be used in epitaxial processes. Entwistle
also predicted that MOCVD will overtake

MBE as the dominant epitaxial technique for
GaAs microelectronics.

The foundry model is still being tested in

the GaAs industry, and a shake-out among the
several “pure-play” foundries in Taiwan and
Korea is likely. In the meantime, some of these
companies are running other processes (e.g.
SAW filters) instead of GaAs to boost revenue
until the upturn comes. One problem with the
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Fig. 3. The inside of a Nokia 3650 GSM handset, which contains 18 GaN-based LEDs, but
no GaAs components. The handset has 256 Mbyte of memory.

GaAs foundry model is the lack of standards
compared with the silicon CMOS world.

Opportunities in handsets
Sockets traditionally occupied by GaAs on the
receive side of handsets, such as up- and down-
converters, mixers and LNAs, are now being
occupied by SiGe or silicon. However, GaAs

May 2003

will continue to have a dominant role on the
transmit side, for PAs and switches. According
to Lum, GaAs HBT is the technology of choice
for CDMA, and there is a move away from
E-mode HEMT towards HBT, at least for
GSM. “However, E-mode won’t go away com-
pletely,” said Lum. “The move towards EDGE
might cause an E-mode revival in 2004.”

While SiGe has yet to make any progress in
PAs, LDMOS continues to be successful.
“Hitachi probably controls 50% of the GSM
PA market in terms of unit volumes,” said
Lum. “Every time they move down a notch to
smaller process dimensions, they open up a
new market.” Until last year, Hitachi had
never participated in CDMA because it could
not get the performance and efficiency out of
its 0.18 um LDMOS process. Now it has
migrated to 0.13 um, it has introduced its first
CDMA products.

One of the key trends in the market for
GaAs in handsets is integration. “We’re no
longer talking about a building-block solu-
tion, where companies can supply discrete
LNAs, or mixers, or PAs,” said Lum. “We’re
talking about a total system-level solution,
and the companies that can supply that type
of solution are the ones that will survive this
downturn.”

Lum gave an example of a GSM handset
architecture from Skyworks that will soon
consist of three modules: a tri-band antenna
switch module; a direct conversion receiver;
and a tri-band power amplifier module.
Skyworks has also introduced its Single
Package Radio solution, which consists of a
complete radio front-end ina single package.
Size reduction continues to be an issue; sin-
gle-band PA modules have recently migrated
from 6 x 6mm to 3 x 3mm packages. Thick-
ness is also an issue, as more and more com-
ponents such as camera modules are crammed
into the phone.

Until now, CDMA handsets have experi-
enced less integration: dual-band CDMA
phones still have two PAs, whereas these are
integrated into the same piece of GaAs for
GSM. Now, PA modules for CDMA are start-
ing to contain interstage SAW filters, duplex-
ers and silicon control ICs. If you’re a GaAs
supplier, says Lum, this means you have to part-
ner with a filter supplier who can provide these
critical components. “The ability to supply a
wide range of functionality is becoming more
and more critical for any semiconductor sup-
plier that wants to participate in the RF front-
end,” he said. Many GaAs manufacturers
already have access to silicon technology, either
internally or through foundry arrangements.

However, this works both ways: traditional

25



COVER STORY compoundsemiconductor.net

GALLIUM ARSENIDE

By Jon Newey
It is thought that 50% of car

accidents happen because

drivers fail to correctly predict
the movement of vehicles in
front or changes in road

geometry. Another statistic says

that 60% of front-end crashes
would not occur if the driver
could react 1 s sooner. These
are just two of the figures that

are commonly quoted by those
involved in the effort to use radar

for relieving drivers of at least

some of the control of a vehicle.

So far only long-range
forward-looking radar (FLR)

operating at 77 GHz is in

commercial use as part of
intelligent cruise control systems

in cars. FLR is offered as an

option by luxury car makers
including Mercedes, Jaguar and

VW. However, the situation is

slowly changing as car
manufacturers look forward to

the ultimate goal of constructing

vehicles with the ability to

evaluate and manage potentially

dangerous situations. This will
require the integration of FLR

and 24 GHz short-range radar

(SRR). A more complete contro!
and safety solution will require
fusion of the data from video

and radar sensors, which could,
in the distant future, result ina

car that drives itself.
Although SRR is not yet in

production for cars, it has been
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used on larger vehicles for some
years now. Epsilon Lambda
equipped the entire US fleet of
1700 Greyhound buses with
24 GHz antenna/transceiver
subsystems in 1992. Automotive
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systems specialist Bosch will
introduce a 24 GHz SRR
product for cars later this year.

The roll-out of SRR for cars is

expected to boost radar sales
significantly for two reasons.

First, multiple SRR units will be

required on each vehicle to give

complete vehicle-surrounding
SRR coverage. Second, SRR

enables a number of different

functions to be implemented,
including reversing and parking

aids, and the addition of a

stop—go capability which will
enable vehicles to move in

queued traffic. Ultrasonic

reversing aids are now included
on many models, but the range
of these is lower than that

achievable with SRR. There are

also aesthetic reasons for
wanting to move away from

Short range radar and MMICs will help to increase shipments of automotive radar systems

ultrasonic sensors. “Many
medium- to high-end cars are
being shipped with ultrasonic
parking aids operating through
unsightly holes in the car’s
bumper,” said Strategy
Analytic’s Steve Entwistle
speaking at the Key Conference
in March. “The motor industry is
very keen to replace ultrasonic
systems with a microwave-
based system.”

It is the cost of SRR systems
that is mainly responsible for its
slow implementation. “There is
no technological reason why
SRR is not available now,” said
Ken Lowe, product manager at
TRW Automotive in
Birmingham, UK. “It’s just a

matter of when customers are
ready to pay for it.” The
electronic technology within the
radar unit is an area that has a

large impact on costs. Gunn

diodes are the incumbent
technology in automotive radar,

but GaAs MMICs are making

their presence felt as part of the

effort to increase functionality

and reduce costs.

TRW’s second generation

radar is taking full advantage of

the advances in MMIC
technology supplied to them by

UMS (See p31). “The price of our
second-generation unit will be
dramatically lower [50% less]
than the current one,” said
Colum McLaughlin-Greening,

senior materials technologist at
TRW Automotive. “This should
help increase the pick-up of
radar by OEMs.”

TRW’s current generation

product is offered as an option
on VW’s Phaeton model, which
is at the luxury end of the VW
range. However, TRW has won
acontract with VW to supply
radar systems for anew model
to replace its Passat, a less
expensive vehicle. The use of
radar lower down the model
hierarchy will mean higher
volumes and lower costs, but

McLaughlin-Greening concedes
that it is still unclear whether or
when radar systems will appear
at the compact car level where

volumes will be maximized.
So far, the commercial uptake

of automotive radar has largely
been concentrated within

Europe, as the US watches
developments and addresses
concerns over the legal

implications that surround the

further automation of vehicles.
“Our perception is that the US
has been watching the
progression in Europe to see

what sort of incidents might

occur before launching such
systems over there,” said
McLaughlin-Greening.
“However, we are seeing
increasing interest from those

wanting to implement radar on

American vehicles.”

silicon houses are now starting to look at GaAs
as they aim to provide complete RF chipsets.
In February, for example, Analog Devices Inc
(ADI) introduced an InGaP HBT PA with inte-
grated control, manufactured by a GaAs
foundry in Taiwan. The PA is designed to
operate with ADI’s Othello direct conversion
RF transceiver. Both these products were part

ofacomplete platform for EDGE, introduced
by ADI in March, which also includes digital
and mixed-signal analog baseband chips.

“Companies like TI and ADI have very
strong traction in the handset market,” said
Entwistle. “They define the analog baseband
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part of the phone, and they could put severe
pressure on the likes of RFMD and Skyworks.”

Inside a Nokia 3650 handset
Lum also presented an analysis of the content
of the Nokia 3650 GSM tri-band handset,
which has a color screen and a camera among
many other features. The phone contains a
remarkably high number of white LEDs: there
are 14 for the keypad and a further 4 for the
color screen, all based on GaN-on-sapphire
technology (figure 3). The entire GSM por-
tion of the phone consists of a baseband sec-
tion, containing 256Mb of memory, a

transmitter section based around a Hitachi
LDMOS tri-band power amplifier, and a
receiver section based around a direct con-

version transceiver from Infineon. The phone

doesn’t contain any GaAs, although Lum
believes that Nokia may decide to introduce
GaAs-based switchplexers at some point.
Silicon pin diodes are used at present, but the
number of pin diodes required increases
dramatically for tri- and quad-band phones,
and GaAs PHEMTs become more viable. This

could represent an opportunity worth
$50-75 million for GaAs switch suppliers,
just for Nokia, says Lum. @
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Cell
The Development team at EMF
employed the latest CFD computer
modelling to design a range of cells
with ideal flow dynamics

e Uniform deposition results in
higher yields

e Atmospheric operation minimises

precursor consumption

e@ Load Lock option for increased
throughput

e IR lamp heating for rapid

temperature cycling

Console
Ergonomically designed, the multi

screen console controls all aspects of
the digital closed loop system. Growth
parameters and reactor are instantly
accessed via the touchscreen virtual
keyboard.

® Constant process monitoring with

automatic error correction

e@ Full Digital operation for

reproducible process

@ MO flow rate control for

consistent process

@ Remote system diagnostic for

improved uptime
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MMICs provide the key for
lower-cost automotive radar
Automotive radar has been heralded as the next big application for GaAs. Mare Camiade looks at this
demanding area and the developments in MMIC technology that make GaAs the material of choice.

any years have been spent on the
development of automotive radar,
with much of the progress based on

knowledge gained during the evolution of
defense radar. The objective is to increase
safety by introducing sensors all around the
vehicle that monitor the position of nearby
objects. Medium-range detection in front of
the car and short-range detection in all direc-
tions are required for automotive radar to be
of most use. Millimeter-wave radar-based sen-

sors are now a reality, and MMIC technology
is helping to push the introduction of radar to

more and more classes of vehicle. For several
years, full MMIC solutions have been avail-
able, bringing the opportunity to increase the

radar complexity and to move to real collision
warning and avoidance systems (Camiade

et al. 1999, 2000).

Car radar configuration
Among all of the future car accessories under
development, the mm-wave radar-based sen-

sor is now well advanced, and is becoming
one of the main applications for GaAs-based

MMICs. As shown in figure 1, the radar net-
work configuration around the car is relatively

complex, with more than eight sensors pro-
viding short- or medium-range detection.

The forward-looking radar system (FLRS)
at 77 GHz allows a detection of objects

1—200 m in front of the car. The angular cov-
erage is around +5°. The commercially avail-

able versions are limited to the detection of
moving objects. They are called autonomous

cruise control (ACC) radars and are sold as
comfort systems. The challenging next devel-
opment steps consist of adding the detection
and classification of fixed objects in order to

build real collision warning and avoidance
systems. These new generations require bet-

ter performance including sensitivity and
angular resolution, and higher architecture
complexity to give multiple channels and

fusion with different sensor technologies.
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SRRS @ 24 GHz or 77 GHz

FLRS @ 77 GHz

Fig. 1. FLRS has arrange of up to 200m,

while multiple SRRS units provide detection

of objects up to 20 m away.
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Fig. 2. Typical result obtained on fully

integrated HBT-based VCO.

Short-range radar sensors (SRRS), also
based on mm-wave radar, are put all around
the car. The detection range is 0.1—20 m. The
standard frequency for SRRS has yet to be
decided due to important requirements on
bandwidth (2-4 GHz). The most commonly
used frequency is 24 GHz, but 77 GHz is also
being considered. These sensors cover a range
of applications such as parking and reversing
aids (as fulfilled today by ultrasonic sensors),
but also side object detection and the “stop
and go” function for moving the vehicle for-
ward in slow-moving traffic queues.

There are three main radar principles that
can be applied to automotive radar: frequency
shift keying (FSK) systems; frequency mod-
ulated continuous wave (FMCW) systems;
and pulsed systems. Sensors based on these
principles are “all-weather” solutions, pro-

compoundsemiconductor.net

viding very fast and accurate information on

the speed, position and the size of detected
objects. Thanks to continuing performance
improvements such as radar sensitivity, multi-
beam antennas, electronic scanning and sen-
sor synchronization, more accurate and
reliable information can be obtained, leading
to many new possible functions.

GaAs MMIC-based solutions
The first generations of radar at 77 GHz were
based on Gunn diodes. These are now being
replaced in many systems by GaAs MMICs
thanks to their wide availability, falling cost
and high performance. This evolution is well

advanced, and some MMIC-based radar ver-
sions are already in production for high-end
cars. For a more widespread adoption of this

concept by car manufacturers, MMIC tech-
nology has to show better performance at
lower cost.

The main challenge to implementing
MMIC-based automotive radar is to find a
cost-effective solution fulfilling the follow-
ing constraints:

e Operation at very high frequency;
e Solutions for high-volume production that

do not need post-assembly tuning;
e Ability to withstand the harsh environ-
mental conditions for automotive applications

such as vibration, humidity and wide tem-
perature variations;
e High integration level for building very

small sensors;
e Relatively high level of performance.

All of these constraints when considered

together define a tough set of boundaries
for MMIC development, yet GaAs-based
MMICsare helping to meet the performance

criteria at acceptable costs. The existing pro-
cesses (PHEMT, HBT and Schottky diode-

based MMICs) are mature enough to provide
high performance at the mandatory high-qual-
ity level for automotive radar. Due to the very

high operating frequency of active and nonlin-
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| ear devices, and the excellent quality factor of
passive devices, many functions can be imple-

| mented. Silicon heterostructure technology
| is acandidate for future generations of auto-

motive radar, but much development is needed
to prove its feasibility in this application.

Considering the cost and the environmen-
tal constraints placed upon MMICs for auto-

| motive radar, the required performance level
is relatively difficult to obtain. The key

| requirements can be summarized as follows:
e High sensitivity. This can be defined as the

| ratio between the output power and the noise
| figure. Noise is particularly important, as the

radar receivers work at very low intermediate
frequencies (IFs), and so minimizing the low-
frequency noise and transmit-to-receive leak-
age is critical.

| e A fully integrated VCO requires very low
phase noise.
e Very-high-frequency stability when no
phase locked loop (PLL) is used.
e Relatively high power at 77 GHz (12-17 dBm
is required at the component level.)
e Very high switching speed for pulsed SRRS.

Cost effective approaches
The cost of GaAs-based technologies is con-

| tinually decreasing and is now at a few dollars
per mm”, which allows competitive solutions

| for trucks and high-end cars. It is now well
recognized that MMICs have much to offer
by removing the tuning during front-end fab-
rication, and also by improving yields when

| compared to hybrid solutions.
There are two main challenges for MMIC

| | technology in this application. First, the chip-
set size must be minimized. This is a perma-

| nent objective of circuit designers, which
| begins with close co-operation with the radar
| designer in order to find the right architecture.

It ends with a clever MMIC design done on

| | the best technologies to optimize perfor-
| mance.

Second, the MMICs must be easily inte-
| grated into the front-end modules. This is not

a trivial issue, due to the frequency range
involved. Much work has already been done
on interconnection techniques, allowing the
MMICs to be assembled with automatic

equipment (pick and place, and bonding).
Also, in order to make MMIC solutions more

| attractive, a lot of emphasis is being placed on
| MMIC protection, such as passivation against

humidity to avoid using expensive hermeti-
| cally sealed modules. A number of packaging
| concepts are under test and evaluation.

Surface mount technology is now practical at

Fig. 3. APHEMT-based three-stage LNA
that forms part of a 77 GHz receiver.
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Fig. 4. The gain and noise figure from the

low noise amplifier MMIC shown in figure 3.

24 GHz thanks to the latest developments in

high-frequency plastic packages. However,
at 77 GHz, packaging is still a challenging
issue, despite the development at UMS of the
multichip package in the W-band (MCPW)
concept. This involves a package that inte-
grates one or more MMICs where the W-band
interconnects are performed using electro-

magnetic transitions. All other connections
use standard microstrip or coaxial methods.

MMICs for frequency generation
The first generations of oscillators were fab-

ricated using 0.25 um gate length PHEMT
processes. They were based on subharmonic
generation and often used an external res-

onator. This was the only way to combine fre-
quency stability, phase noise and good enough

repeatability for production. The PHEMT-

based VCOs developed at UMS for pulsed

and FMCW systems operate at 12.75 GHz, are
coupled to an external medium-Q resonator,
and have a frequency tripler on the same chip.

More than 300 MHz tuning range is obtained
at 38 GHz with a phase noise in the range of

—68 dBc/Hz at 100 kHz from carrier frequency.
Newer generations of oscillators are fab-

ricated using HBT processes and give large

improvements over the PHEMT-based VCOs,
including better low-frequency noise charac-
teristics and very high cut-off frequencies.
VCOs can now be fully integrated, and pro-
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Fig. 5. The layout of a 77 GHz dual-channel

mixer implemented using a MMIC with

high-quality Schottky diodes.

vide better performance and the flexibility to
include functions such as dual tuning ports
and subharmonic output for PLL coupling.
Figure 2 shows the results achieved on com-

mercially available components. More than

5 GHz tuning range is obtained with a phase

noise of about —85dBc/Hz at 100 kHz from

the carrier frequency.

MMICs for reception
Low noise figures in the W-band are possible,

thanks to PHEMT processes with gate lengths

of 0.15 um (0.25 um is adequate for 24 GHz).
As shown in figures 3 and 4, very good LNAs

can be made at 77 GHz with a noise figure
lower than 4 dB for an associated gain of 18 dB.

However, the limitation when using an
LNA is the very low level of receiver satura-

tion power. Indeed, there is no possible fil-
tering between transmitter and receiver, and
the leakage signal saturates the receiver if
there is too much gain. Whatever the receiver

principle, when a very low IF is needed, the

main limitation is from the low-frequency

noise of the devices. The three main contrib-

utors to low-frequency noise are: the AM
noise of the source, the transfer of which to

the IF depends on the AM rejection of the

mixer and on the level of transmitter leakage;

the low-frequency noise of the mixer; and the

phase noise of the source in the presence of
ahigh-level reflected signal with a long delay.

Mixers done on PHEMT processes, based

on diodes or unbiased transistors, have very

poor noise performance at very low IF (more
than 30 dB at 100 kHz). Only MMIC processes

providing high-quality Schottky diodes allow

mixer noise figures in the same range as those

obtained with Si-based diodes. Figure 5 shows
the layout of a dual-channel mixer imple-
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mented using a MMIC with high-quality
Schottky diodes. The result is a noise figure,
at 77 GHz RF, of about 18 dB at 100 kHz IF.

MMICs for transmission
Today’s PHEMT processes with 0.15 um gate

lengths give the necessary power in W-band
with a reasonable chip size. MMICs for
77 GHz operation include a frequency multi-
plier and medium-power amplifier (MPA)

with two outputs, one for the transmit antenna
and the other for driving the receiver. Typical |
output power obtained with such a chip is

13 dBm. Power of up to 18 dBm is now pro-
posed for transmit MMICs as standard prod-
ucts for Gunn diode replacement. Indeed, the

most critical part of the first-generation auto-

motive radar systems is the transmit function,
and MMICs have already been demonstrated
here as an efficient alternative to Gunn diodes.

New developments in this field include chip

size reduction. MMICs that include the fre-
quency multiplier have already been demon-

strated in the development phase, with chip
areas of approximately 4 mm? and 6 mm? for
output powers of 13 dBm and 17 dBm, respec-
tively. Another development is the optimiza-

tion of the chip architecture for a better fit with
front-end developments, such as new pack-
aging concepts and an increase in the
number of antenna beams. These new devel-

opments require changes to the frequency mul-

tiplier in the transmitter and the inclusion on
the chip of part of the network for imple-
menting the electromagnetic transitions for
W-band interconnects.

Conclusion
Comfort and safety in vehicles are continu-
ally improving, and new systems suchas mm- |
wave radars for cruise control and collision |
avoidance are proven concepts. Automotive |
radar provides a formidable volume market
for GaAs MMICs, thanks to their already
demonstrated potential to solve all of the main
challenges such as cost, performance and
integration level. ®

Further reading
Camiade et al. 1999 IEEE MTT-S International |
Microwave Symposium Digest volume 4.
Camiade et al. 2000 European Microwave

Week GaAs 2000 Proceedings p280.

Mare Camiade is in charge of product
development with United Monolithic

Semiconductor in Orsay, France. E-mail

camiade@ums-gaas.com.
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GaAs-based devices: how to
choose a suitable substrate
There are a number of companies that sell GaAs substrates grown by LEC or VGF, but what is the

difference? Russ Kremer and Steffen Teichert provide some answers.

ne of the more interesting questions() that arises when considering the pro-
duction of GaAs-based devices

relates to the proper choice of substrate.
Today’s substrate suppliers currently mass-
produce two types of wafer. These are based
on two different crystal growth principles: the
Czochralski process and the Bridgman
process. With both methods it is possible to
grow large-diameter, semi-insulating (as well
as semiconducting) crystals for applications
in micro- and optoelectronics.

The material is usually classified accord-

ing to the crystal growth technology used in
its manufacture. For the user, it is more mean-
ingful to designate materials by their prop-

erties rather than by the production technology
used. The two available substrate types are
often called “low EPD” and “high EPD”
material. The etch pit density (EPD) measures

the dislocation density of the substrate. For
semi-insulating GaAs, typical EPDs for mate-
rial specified as high or low EPD are <10°/em?
or <10*/cm?, respectively. However, EPD
reflects only one of the properties of the mate-

rials. Other essential properties are also dif-
ferent, and these will be discussed below.

Commercial production
As the only GaAs substrate producer with
large-diameter production capacity in

Czochralski and Bridgman processes,
Freiberger Compound Materials (FCM) is

uniquely positioned to compare and contrast
the two types of material. Below is an analy-
sis of the main differences and similarities

of these substrate types. From knowledge of
the properties of material produced using both
methods, and additional commercial facts, it
is possible to derive some conclusions for the
proper choice of substrate material.

Before starting the technical discussion,
some commercial issues should be mentioned.

Today, over-capacity in the substrate supply

chain tends to dictate wafer pricing. This
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Fig. 1. Full wafer EPD mapping of LEC and VGF wafers (150 mm). The VGF/VB material has

a lower, but less uniform, dislocation density than the LEC material.

results in average selling prices which are —
for now — to some extent independent of the

actual cost structure of wafer production. For
each of the growth technologies, a reasonable
volume of substrate production capacity for
all diameters is available to the market. The
return of a substrate shortage, as was seen in
2000, is not very likely in the near future. Only
a complete switch of the industry to one or
other of the crystal growth technologies would
create a supply problem like the one seen in
the past. The reason is simple: such a switch
to a single technology would roughly halve
the usable worldwide substrate capacity.
However, the following discussion highlights
the differences in the material properties with
the consequence that there is a bright future
for both Czochralski and Bridgman materials.

Crystal growth technology
In the Czochralski method, a seed crystal is
placed over the melt held at a temperature
close to the liquid—solid phase transition. After

dipping the seed crystal in the melt, it is moved
upwards under continuous rotation. The

Bridgman method involves the directed solid-
ification of a melt starting from the seed. The
solidification direction can be vertical or hori-
zontal. The movement of the liquid—solid

interface can be accomplished in different
ways: moving of the crucible in a static tem-
perature field; or moving a temperature field

with a static crucible. A typical Bridgman
process is the vertical Bridgman (VB) tech-

nique, and the vertical gradient freeze (VGF)
is a well known variant of the VB technique.
Today, the actual processes used by the vari-

ous companies that mass-produce substrates
are mostly proprietary technologies based on
modifications of the classical crystal growth
techniques.

Based only on these short descriptions of
the crystal growth methods, at first glance no
limitations should be expected on the results

obtainable by either of the technologies. The
difference in the dislocation density, and
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Fig. 2. Mesoscopic EL2 mapping of LEC and VGF wafers. The LEC wafers show a more
uniform EL2 distribution and therefore more uniform electrical properties.

hence the EPD, seen in material grown by the
two techniques is not an inherent result of the
growth method itself, but is related to the
method used to encapsulate the melt.

The vapor pressure of arsenic for a stoi-
chiometric GaAs melt is roughly equal to
1 atm. Consequently, to ensure the stability of
the melt, this arsenic pressure has to be main-
tained in the atmosphere surrounding the
melt. There are two solutions: use of a closed
hot wall system for the crystal growth; or
encapsulation of the melt by boron oxide. In
the case of the Czochralski method, boron
oxide encapsulation is the best solution, result-
ing in the well known liquid-encapsulated
Czochralski (LEC) process.

For the Bridgman process, both of the solu-
tions mentioned above can be used. The cru-
cial point for further discussion is the position
of the encapsulating material in the case of
LEC growth. The encapsulant, liquid boron

oxide, is located on top of the melt surround-
ing the liquid—solid interface. This arrange-
ment limits the minimum achievable
temperature gradient close to this phase

boundary. The temperature gradient is one of
the main factors influencing the final dislo-
cation density. For the Bridgman process,
there is fundamentally no limit for the mini-
mum temperature gradient. The EPD increases
with increasing temperature gradient (or more

precisely, with increasing curvature of the
temperature field). However, the temperature
gradient also influences the crystal growth
rate, which must be kept in an acceptable

range for economic and material quality rea-

sons. The larger temperature gradient in the
LEC process leads to a growth rate that is

roughly twice that of Bridgman processes.

All other material properties that are not

linked to the EPD are similar for both of the
crystal growth technologies. For instance, the

impurity concentration of semi-insulating
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GaAs is not determined by the crystal growth
method, but by the equipment quality and
knowledge of the production staff.

Beyond etch pit density
One remarkable consequence of the disloca-
tion density in the crystal immediately after
growth is the size of the parameter window
that the dislocations make available for post-
growth thermal treatments of the bulk crys-
tal. The purpose of such annealing procedures
is a further homogenization of the crystalline
bulk properties. The presence of excess
arsenic and the distribution of electrically
active complexes like EL2, which is related
to the electrical resistivity of the bulk mater-
ial, are influenced by post-growth annealing.

The perfect result would be a crystal with
an extremely narrow resistivity distribution

on a mesoscopic size scale. One annealing
condition that produces material close to the
desired ideal result consists of a rather fast
cooling of the crystal from some maximum
temperature down to room temperature.
However, fast cooling results in a situation
similar to the case of rapid growth of the orig-
inal crystal. Because of the high thermal
capacity of the ingots and the limited thermal
conductivity, a temperature gradient builds up
inside the crystal, resulting in a strain field. In
order to reduce this strain field, the material
reacts with the formation of an appropriate
dislocation density. High EPD material there-
fore allows a faster cooling speed than the low
EPD material, as the strain-reducing disloca-

tions are already present. Consequently, the

mesoscopic homogeneity of the electrical
properties is much better for high EPD than
for low EPD material. To illustrate this behav-

ior, the EPD and the corresponding EL2 defect
concentration are plotted in figures | and 2,
respectively. The EL2 distribution gives indi-
rect information about the distribution of the

electrical resistivity of the bulk material.
Although a detailed discussion will not be

entered into here, in addition to the electri-
cal properties, mechanical wafer properties
are also sometimes discussed in connection
with the EPD, especially the breakage strength
and slip line generation. However, investiga-
tions using low and high EPD material at
FCM have shown that the breakage strength
is related only to the surface properties, and
no correlation to the EPD was detected
(Kleinwechter ef al.). Slip line formation is
often discussed as a result of residual strain in
the wafers. Here, our experiments proved that
the residual strain in LEC wafers is one order
of magnitude less than the strain needed for
the formation of slip lines.

To summarize this section, the two GaAs
substrate types available on the market both
have one significant advantage (and conse-
quently one disadvantage). VGF/VB mater-
ial has a lower dislocation density, but LEC
wafers show more uniform, mesoscopic-scale
electrical properties. All other properties of
interest are more or less similar for the two
growth techniques.

Substrates and devices
So, what is the impact of the above on the
choice of semi-insulating material for dif-
ferent applications? Microelectronic circuits
are typically designed using MESFET, HEMT
or HBT structures on semi-insulating GaAs
substrates. Semi-insulating substrates reduce
parasitic losses in devices operating at high
frequencies. MESFETs and HEMTs are both
unipolar devices; there are no minority carri-
ers, and recombination is not an issue. HBTs
are bipolar, and contain pn junctions.
According to most GaAs forecasts, MESFET
technology will gradually lose significant

market share to both HEMT and HBT devices.
While many of the substrate technical

requirements are similar for these different
types of devices, there are some significant
differences. For example, since HEMTs and
HBTs are epitaxial devices, both require very

high quality, epi-ready surfaces, free of parti-
cles, and with well characterized and consis-
tent oxide layers. For HEMTs, the resistivity
of the substrate can influence the turn-on volt-
age of the device. As a result, fluctuations in
the resistivity, either across a wafer or from
wafer to wafer, can cause variations in the per-

formance of the devices being produced. Thus
for this family of structures, the stability and
uniformity of the substrate electrical proper-
ties (on both microscopic and mesoscopic
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Device Device mode Characteristics/current density _—_- Preferred substrate

MESFET unipolar majority carrier LEC
HEMT oye unipolar __ majority carrier ae Ce iEChian. ae
HBT —sO*bipolar_ ~=—S—Ss minority carrrier/medium “VGFVVBorLEC

Table 1. The uniform distribution of the EL2 defect (and therefore the resistivity) in LEC
wafers makes them an obvious choice for HEMTs and MESFETs.

scales) are critically important.
Uniform substrates are also important for

HBTs, but to a lesser extent. With HBTs, the
most important substrate requirement is that
the leakage through the substrate between dif-
ferent mesa-isolated devices must be
extremely low. This is typically accomplished
by using substrates with very high resistivity.
For any bipolar device, it is important that the
substrate does not contribute anything to the
structure that can lead to device degradation
through unwanted carrier recombination.

Device degradation mechanisms
It is useful to examine how various device
structures degrade. For HBTs, recombination
at the emitter-base junction can create defects.
As the device ages, the number of these
defects tends to grow, resulting in a gradual
decay of the transistor gain. This process is
driven by the current injection, and appears to
be unrelated to any dislocations in the sub-
strate. Note also that this gradual degradation
is not the same as the sudden degradation,
often referred to as the burn-in effect, that has
occasionally been reported in HBTs (Com-
pound Semiconductor April 2002 p69). There
is no clear evidence or proposed mechanism
that this sudden degradation is initiated by
substrate dislocations either. However, there
is a perception that HBTs grown on VGF/VB
substrates are slightly better in this regard,
especially in cases where the injection current
is high. It should be noted that both LEC and
VGF/VB materials are successfully used for
HBT production.

For HEMTs and MESFETs, the degrada-
tion mechanisms are completely different
from those in HBTs. Since the devices are

unipolar, recombination at dislocations or

other defects does not play a role. Thus for
these devices, factors such as the uniformity
of resistivity and the surface quality for epi-
taxy are the most important criteria for deter-
mining which type of substrate to use.

Therefore, the choice between LEC and
VGE/VB substrates often depends on the
details of the device to be built. For unipolar
devices such as HEMTs and MESFETs, the
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better uniformity of LEC material might make
it the preferred choice. For bipolar devices,
either type of substrate may be used in cases
where the injection current is low or moder-
ate. Only for devices where the injection cur-
rent is very high (for example, optoelectronic
devices such as laser diodes) is it necessary to
use VGF/VB substrates. These options are
summarized in table 1.

GaAs wafers beyond 150 mm
Today the market is using a mixture of
100 mm and 150 mm (4 and 6 inch) GaAs
wafers, with most major users either already
at 150 mm, or moving to that diameter. In the
future, there will be a need for even larger
diameters. The growth of 200 mm (8 inch)
wafers has already been demonstrated, and
FCM has successfully grown 200 mm GaAs
ingots by both the VGF and the LEC methods
(Seidl et al.; Stenzenberger et al.). Evaluation
of these initial 200 mm crystals indicates that
the above discussion of the substrate proper-
ties will remain valid for the next generation
of GaAs substrates. As with any significant
advance, the processing technology required
to produce 200 mm diameter wafers is again
very challenging to the substrate suppliers.
However, there appears to be no visible ulti-
mate limit for either of the two main GaAs
crystal growth processes. Therefore, the
conclusion is straightforward: for the next-
generation diameter as well, the users of GaAs
substrates can expect to have a choice between
LEC and VGF/VB material. They will also be
able to select wafers based on the actual needs
of their devices. ®

Further reading
A Kleinwechter et al. 2001 GaAs Mantech
Digest p57.
A Seidl et al. 2001 J. Cryst. Growth 225 561.
J Stenzenberger et al. 2003 J. Cryst. Growth
250 57.

Steffen Teichert is with FCM in Freiberg,
Germany. E-mail teichert@fcm-germany.com.
Russell Kremer is with FCM in Dayton, OH,
USA. E-mail russ@fcm-us.com.
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China seeks rapid progress
in electronics and photonics
In the first of a series of articles on the emerging compound semiconductor industry in the world’s
most populous country, Sally Croft takes a look at the prevailing business climate in China.

hina today is increasingly determined
( to compete in the global technology

market. Government targets for chip

production alone are already set as 20 billion
chips by 2005 and 50 billion chips by 2010.
Large as these numbers are, they are expected
to satisfy only around 30% of the domestic

market and 2% of the international market
in 2005, with the corresponding figures for

2010 being 50% and 5%.
However, unlike in the silicon industry,

where both the Chinese government and com-
mercial companies now seem to have

accepted that the country’s main role will lie
in low-cost manufacturing, there is a strong
determination that China will play a leading

role in compound semiconductor research,
development and production. As the infor-

mation superhighway rolls out across this vast
country, many of the traditional government-
run research centers or their offspring are

being positioned in a more commercial envi-
ronment, and doors are opening for collabo-

ration with foreign companies.
“We’re currently seeing tremendous

amounts of money going into the electronics

and photonics industries, through government
funding, direct inward investment, joint ven-

tures and also domestic private venture cap-
ital,” said Gary Ditmer, Asia and Japan
business manager of Oxford Instruments
Plasma Technology (see box on p42). “Our

business has doubled in each of the last three
years, and China is now our largest single-

country customer in the Asia-Pacific region.”

Government programs
Research funding in China comes largely
from government ministries. However, there
is now growing investment from companies

active in the marketplace, as well as other ven-

ture funding as companies decide to diversify.
The Ministry of Education funds the uni-
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Giant LED screens are among the products

manufactured by China’s growing

compound semiconductor industry.

Electronics and the Institute of Physics. Other

funding sources include the Ministry of
Information Industry (formerly the Ministry

of Posts and Telecommunications) which has
large institutes in Beijing and Wuhan, the
Department of Commerce, and the Military
Equipment Department.

Targeted government research programs
are launched periodically and recent exam-

ples include:
e@ 863 program — a high-tech R&D program
running from 1986 to 2010 with a broad remit

including development in optoelectronics;
some RMB 3.5 billion ($420 million) is allo-
cated for 2001—2005.
e@ 973 program — a key basic research plan
allocating RMB 2.5 billion for 2001—2005,
with the main beneficiaries being CAS,
Tsinghua University and Beijing University.
e 985 program — an information technology
and nanotechnology initiative for 2001—2005,
primarily directed into the universities.

Over the last decade, however, there has
been distinct encouragement for research
establishments to move more clearly into the
commercial arena and to generate spin-off
companies. An early, and very successful,
example is Wuhan Telecom Devices Inc
(WTD), established in 1980 as a joint venture

versities, and the Chinese Academy of between the Wuhan Research Institute of
Sciences (CAS) runs, for example, the Posts and Telecommunications (WRI) —
Institute of Semiconductors, the Institute of | which had its origins in the national telephone
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company — and Corning Lasertron. New
young companies such as Accelink
Technologies, founded in January 2001 and
located adjacent to WRI, and Wuhan Huagong
Genuine Optics benefit from this clustering

of skilled people and technology. China is now
investing heavily in “Silicon Valley” style
research clusters, such as the Optics Valley of
China (OVC) in Wuhan.

Research clusters
Wuhan, the capital of Hubei province, is the
largest city in central China and has a popula-
tion of around 7 million. It has evolved into a

major science and technology center, and today
hosts 35 universities, 726 scientific R&D insti-
tutes and more than 30,000 industrial compa-
nies largely focused on high-tech and industrial
sectors. Both WRI and a national optoelec-

tronics technology center are located in the city.
The OVC initiative is intended to optimize

the development of a firm base for the opto-

electronics and information industries in
Wuhan. Objectives set out in the State 10th
five-year plan include establishing a dedicated
50 km? industrial zone; attracting relevant
companies and promoting collaboration
and/or mergers with Chinese or foreign opto-
electronics companies or consortia; promot-
ing quality products; and establishing

first-class R&D and training facilities.
Promoting fast technology transfer from acad-
emia to industry is also on the agenda.

OVC at Wuhan is focused primarily on opti-
cal communication and optoelectronics, with
fiber-optic and compound semiconductor
device manufacturing identified as key goals.

At Changchun, located in the far north-east of
China, an additional “Optical Valley” is being
created, centered on compound semiconduc-

tor materials and devices, consumer opto-
electronics, and monitor and display devices.
In the region around Guangzhou and Shenzen,
near Hong Kong, the Guangdong Photon

Valley is becoming home to companies
engaged in areas like high-volume LED man-
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An equipment supplier in China

Oxford Instruments Plasma
Technology Ltd, based near
Bristol, UK, began selling its
range of plasma-processing
equipment into China in
1983. In its first decade it
sold about 40 systems
through representative
agents in the country. The
company believes that the
key to success in China
involves having an array of

access points to the
market. While continuing to
work through an agent for
sales and service, the
parent company Oxford
Instruments opened its own

representative office in
Beijing in 1997. In 2001, the

Plasma Technology division

employed a direct sales

manager, Mawson Meng.

“Our ability to install up-
to-the-minute equipment
and provide quality training

for local staff is a key factor

in our business,” said Gary

Ditmer, the company’s Asia

and Japan business

manager, who is based in
Shanghai. “Although
customer service has
always been important,
we've really noticed in the
last few years that it has
become a much bigger

factor in the purchasing
decision. We have a small
team of regionally based
field support and process
engineers, and customers
also benefit from the local
service provision undertaken
by the company’s agent,
Silicon International. These
resources are backed by
technical support from the
company’s UK
headquarters.”

In 2000, Oxford
Instruments Plasma
Technology installed some
£1.4 million ($2.2 million)
worth of R&D and
production systems in
China. With the

establishment of direct sales
in 2001, 16 systems were

installed and, despite a very

compoundsemiconductor.net

challenging market, a similar
level of sales was achieved
in 2002. The company sells
both to production users
and to highly respected
researchers and institutions,
including Tsinghua
University, WTD, Accelink,
FangDa, and the Hebei

Semiconductor Research
Institute, which works on
MMICs and wireless
applications.

“One of the secrets of
success in Chinais a
multifaceted approach,”
said Ditmer. “As well as
having good products anda
prompt and efficient
customer service operation,
we’ve found the personal
approach is critical. This is
achieved through our strong
relationship with our agent
and through their and our
own staff getting to know
and developing mutual trust
with our clients. Working

closely with people is vital

for success in China.”
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ufacturing and device packaging. Established
local companies like Shenzhen Photon
Technology, a fiber-optic components manu-
facturer, are already in place alongside sig-
nificant inward investment from companies
such as Philips and JDS Uniphase.

Promoting growth
These sponsored industrial initiatives encour-
age international investment through tax
incentives and a readily available infrastruc-
ture. Their success demonstrates the attrac-

| tiveness of China today as a manufacturing
hub. A decade ago, Western companies set-
ting up R&D operations in China were to a
large extent going out on a limb — investing

| resources as “a gift to the government’, as one
leading player has described it. Equipment
suppliers like Oxford Instruments Plasma

| Technology also found themselves advising
| on the necessary supporting infrastructures
| like cleanroom facilities and health and safety

procedures, as well as helping researchers
keep up to date with technical developments.

While some of these difficulties remain, the
picture is changing rapidly. China today has a
large number of highly skilled high-tech grad-
uates and, while leaving for work or further
studies in the US or elsewhere still exercises
a strong pull for many, a significant propor-
tion of those who do leave return to China a
few years later. This growing pool of highly
trained but relatively inexpensive employees
(thanks to low local living costs), government
tax incentives for foreign companies and a

huge potential market means that the com-
pound semiconductor industry is soaring.

“China is investing massively in compound
semiconductors and the internal market is
both large and highly competitive,” said
Ditmer. “I think it will be a few years before
the country is a strong player in the global
marketplace, but it’s becoming increasingly
clear that in technology terms, China is catch-
ing up fast and is probably now just a couple

of years behind the West.” e

Sally Croft is a freelance writer based in the UK.
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China exploits technology
With government support and private investment, commercial compound semiconductor ventures
are becoming more common in China, writes Tim Whitaker.

he commercial compound semicon-| ductor business in China is relatively
immature, although its growth has

accelerated in recent years. With extensive
government support (see previous article), this
trend seems set to continue. Due to its low
labor costs, China has many packaging com-
panies, particularly in the LED industry. Now,
Chinese scientists and investors hope to
exploit device-related technology.

Although commercial activity is just emerg-
ing, various research groups have experience
dating back more than 25 years. However, the
majority of the research work had been con-
centrated on material development rather than
device optimization. Holger Juergensen of
Aixtron estimates that there are more than 40

groups in China working in the field of com-

between China Fangda Group and Nanchang
University, was formed in July 2000. Its main
products are GaN-based epiwafers, and in late

2001 it ordered a series of MOCVD production
systems from Thomas Swan for its facility
in Nanchang. Shanghai LanBao Photoelectric
Materials has ordered MOCVD machines

from both Emcore and Aixtron. Established
in September 2000, the company is a spin-off

from the CAS Institute of Physics, and supplies
blue and green GaN-based epiwafers and chips.

Shanghai Beida Blue Light is a spin-off
company from Peking University supplying
nitride epiwafers and UV, green and blue LED

chips. The company is a customer of Aixtron
and describes itself as the first specialized
company for producing IIJ-nitride semicon-

ductors in China. Xiamen San’an Electronics

plans to establish a large R&D and manufac-
turing site for high-brightness LEDs in
Xiamen. Typical of some of the Chinese com-

panies that become involved in compound
semiconductors without prior experience,
San’an Group is major producer of steel, pig
iron and electricity.

Telecom and laser suppliers
A joint venture between Wuhan Research
Institute (WRI) and Corning Lasertron, Wuhan

Telecommunications Devices is the leading
supplier of optoelectronic devices in China. Its
products, which are almost all sold to Chinese
telecom equipment manufacturers, include
850, 1310 and 1550 nm laser diodes; LEDs;

detectors; transmitter, receiver and transceiver
modules; and 980 nm pump lasers. The com-

pound semiconductors, with more than 50

MBE and 70 MOCVD systems (including
around 40 commercial MOCVD reactors) |
installed throughout the country. Until |

recently, the lack of financial resources and
production equipment made it quite difficult
for the researchers to exploit their work.

In the past, work has concentrated on the
development of laser devices for telecommu-
nication or military applications. Today, how- |
ever, most new companies are jumping into
the high-brightness LED market, and are espe- |
cially focusing on nitride LEDs. Juergensen

says that the situation is similar to the status of |
Taiwan six or seven years ago when it entered

the AlGaInP LED market (which it now dom- |
inates), but he feels that China will catch up
with the rest of the world very quickly.

China already has a fledgling compound |
semiconductor supply chain, with companies |
manufacturing metalorganic precursors, and |

GaAs substrates and epiwafers. In addition,
it is one of the world’s leading suppliers of gal- |
lium (see p21). |

LED manufacturing
While Taiwan now dominates AlGaInP chip |

production, and is making rapid progress in |
the InGaN market, China has skipped the rel- |

atively mature AlGalInP field and is instead |
targeting GaN-based devices. Jiangxi Fangda |
Focus Information Material, a joint venture |
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SAES gas purifiers give you the solution for defect-free epi growth.
Our wide selection of MonoTorr heated getter and MicroTorr ambient
metal supported technologies use the most advanced chemical processes
to remove oxygen and carbon species from hydrogen and nitrogen
carrier gases in any epi process.

Our specialty gas purifiers for ammonia, arsine, phosphine, HC! and
others are proven and tested with analytical and process data to be
sure our formula gives you the right answer.

Complete your formula for growth with SAES.

ey:1:++ SAES Pure Gas, Inc.
getters (805) 541-9299

www.PureGasTechnologies.com
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pany estimates it has an annual capacity of
5.5 million pairs of optoelectronic devices and
1.5 million optoelectronic modules.

Hi-Tech Optoelectronics was established
in 1999, and is a spin-off from CAS Institute
of Semiconductors in Beijing with investment
from China Energy Conservation Investment
Corp. It manufactures laser diodes at a range
of wavelengths from 635 to 1650 nm, as well
as fiber-coupled CW modules and photo-
detectors, and recently introduced 20 W laser
diode arrays operating at 780-830 nm.

Tsinghua University
An example of one of the many academic
facilities looking at compound semiconduc-
tors, the State Key Laboratory on Integrated
Optoelectronics in Tsinghua University (estab-
lished in 1991) carries out epitaxial growth
using MBE and MOVPE. The group inves-
tigates integrated optoelectronic devices and
their applications in fiber-optic networks, and
recently developed a 2.5 Gbit/s gain-coupled
DFB laser integrated with an EA modulator.

The lab has made lots of important research

achievements and grown into a major research
base for optoelectronic materials, devices and
their applications in optical fiber communi-
cation systems and networks in the Chinese
mainland. It is not yet involved with com-
mercial manufacturing or spin-offs related to
compound semiconductors.

The lab also has a nitride program investi-
gating blue LEDs and HEMTs. With funding
from Shandong Incalcu Group, the univer-
sity’s “high-brightness blue LED” project
developed high-brightness InGaN/GaN
MQW blue LEDs with an optical power of
1.5mW at 470nm (Compound Semicon-
ductor March 2002 p9).

Material suppliers
As mentioned above, China has several com-
mercial material suppliers. Jiangsu Nata
Optoelectonic Material Co Ltd is a spin-off
from Nanjing University, which began devel-
oping metalorganic precursors such as DEZn
and TMI in 1986. The company was estab-
lished at the end of 2000 and offers around 20
types of precursor, which are growth tested

on the company’s MOCVD system.
Also in late 2000, the CAS Institute of

Semiconductors in Beijing announced plans
to team up with four other investors to form
Compound Crystal Technology to commer-
cialize the institute’s semi-insulating GaAs
technology. The company has injected around
RMB 540 million ($65 million) to establish a
production line with a capacity of 100,000
wafers per year, and will also offer GaAs- and
InP-based epiwafers.

A spin-off from the CAS Institute of
Physics, Advanced Chinese Epitaxy is set to
become the first company in China to offer
GaAs-based epiwafers. The Beijing-based
company, set up in partnership with Ningxia
St Edenweiss, bought a V100 production MBE
system from Thermo VG Semicon last year.
“Our MBE work started here over 20 years
ago, said Junming Zhou, head of the MBE
laboratory at the Institute of Physics and pres-
ident of Advanced Chinese Epitaxy. “Initially,
the V 100 will be used to prepare microwave
device material for which there is an ever-
increasing demand in our country.” &

An Invitation to A Joint Meeting
Between

The Fifteenth American Conference
on Crystal Growth & Epitaxy,

The 11th Biennial Workshop on
OMVPE, and

The 3rd International Symposium on
Laser and NLO Materials

July 20-24, 2003

Keystone Resort and Conference
Center, Keystone, Colorado

ACCGE.= 15
—— Keystone,Co. July 2003 —

Conference Web Site http://www.crystalgrowth.org/ACCGE15/

The Conferences will include invited and plenary speakers on a wide range of crystal growth topics, a special
session on future directions of crystal growth technologies, a panel discussion on future trends in OMVPE, a special
"crystal growth backstage" session on technical aspects of crystal growth techniques, and a vendor exhibit featuring
the latest in crystal growth technology and support. Social program including a range of recreational activities
Main Plenary Speaker: Chris Murray, IBM: Title: Assemblies of Semiconductor Nanocrystals: 1D Wires, 2D
Monolayers and 3D Superlattices.
Keystone, Colorado, is located 90 minutes west of Denver and is surrounded by the Colorado Rocky Mountains
and thousands of acres of national forest. Summer activities include 36 holes of scenic, championship mountain golf,
fishing, indoor/outdoor tennis, hiking, horseback riding, mountain biking and Keystone lake to name a few.
View information about Keystone at (http://keystone.snow.com/info/rst.asp) and (http://keystone.snow.com/)
Late News Poster Submission ends June 6; Lodging reservations due June 6; Pre-registration due June 13, 2003.

For additional information contact:Tony Gentile, ACCGE-15 Secretariat, P.O. Box 3233, Thousand Oaks, CA
91359-0233 USA, Phone (805)492-7047 Fax (805)492-4062, Email aacg@lafn.org,
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C-AFM exposes GaN’s weaknesses
GaN-based devices still suffer from
excessive current leakage, due in part
to extended defects in the material, and
point defects which are not well under-
stood (Compound Semiconductor
August 2001 p23). To take full advantage
of GaN-based devices, a better under-
standing of this excessive leakage has
become necessary. A team at Virginia
Commonwealth University has used the
technique of conductive atomic force
microscopy (C-AFM) to investigate how
the local conductivity of GaN films is
related to morphology (Appl. Phys. Lett.
2003 82(12) 1890). They have observed
enhanced conductivity for prismatic
planes found around islands on as-grown
samples, and on the edges of pits formed
by post-growth chemical etching.

C-AFM correlates electrical properties
with surface topography by simultane-
ously acquiring AFM and current images

HVPE GaN sample

AFM topography and C-AFM current images from a

1x1 um? area of an etched HVPE GaN sample. The linescan
shows that current is measured at the edges of the pits.

of a surface. The AFM is operated in con-
tact mode with an electrically conduc-
tive probe, where current between the tip
and sample is measured when a DC bias
is applied. Typical currents range from
10 pA to 10 nA for voltages below 10 V.

In the case of etched HVPE-grown
samples, AFM images show hexagonal
pits produced by the etching of defect sites
on c-plane GaN. Simultaneous C-AFM

images show detectable current only at
the edges of such pits for forward-bias
voltages below 4 V. This indicates that
crystallographic planes tilted with
respect to the c-plane have a significantly
higher conductivity than surrounding

areas. Although still under investigation,
possible mechanisms for this enhanced
electrical activity include extended
defects (which has been observed by oth-
ers), surface states, and modified Schottky
barrier heights on prismatic planes.

Texas Tech research group gets deeper into the UV
A1lGaN is now considered the material of choice for light sources and

photodetectors operating in the deep ultraviolet. Until now, device
fabrication was limited by the difficulty of producing p-type layers of
large-bandgap AlGaN. A number of papers by a research group at
Texas Tech University show that this limitation can be overcome by

the use of short period superlattices (SPSLs) consisting of AIN bar-
riers 3—S monolayers thick, and Aly 9¢GaNo 94 QWs 2—3 monolayers

thick. SPSLs containing as many as 400 well-barrier pairs were grown
reproducibly and with excellent structural and optical properties. When

doped with Mg, hole concentrations as high as 1.1 x 10'’cmTM? at room
temperature were reported in superlattice layers with an average AIN
content as high as 65% (Appl. Phys. Lett. 2002 80(20) 3682). In sim-

ilar superlattices doped with Si, electron concentrations of 3 x 10'?cmTM,

with the room temperature mobility of 10-20 cm?/Vs, were obtained
(J. Appl. Phys. 2003 93(3) 1363).

SPSLs have been used to prepare LEDs with an emission wave-
length as short as 260nm. These UV sources exhibited low

turn-on voltages of 3.5—4 V, low leakage currents of 20—30 wA for
reverse voltages as high as 15 V, and could withstand DC current
densities in excess of 500 A/cm? at room temperature (Appl. Phys.
Lett. 2003 82(9) 1323). Photodiodes based on SPSLs showed
state-of-the-art performance, with dark current densities below
~0.3 nA/em? and high zero-bias resistance of ~1 x 10!’ Q. The sharp
wavelength response cut-off obtained for these devices, with six
orders of magnitude decrease in responsivity from 260 to 380 nm,
makes them truly solar-blind.

Dilute nitrides reach longer wavelengths
The growth of telecom laser diode structures on cheap, large-area

GaAs substrates has always sparked interest in developers of telecoms
components who are keen to fabricate cost-effective devices for fiber-
optic communications systems. The GaAs-based compound GaInNAs

—also called “GINA” — is amember of a new class of narrow-gap dilute
nitride semiconductors, and is attracting attention due to its possible
application in long-wavelength telecom lasers. Impressive laser per-

formances have been achieved at around 1300 nm by incorporating
only ~1% N into GaInAs quantum wells (QWs).

The epitaxial growth of narrow-gap nitride semiconductors is
extremely difficult to master, and the alloy quality rapidly degrades
with increasing N-content. For this reason, it has often been suggested
that GINA is not suited for emission in the 1500-1600 nm range needed

for long-haul transmission, and that other systems, such as penternary
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alloys or quantum-dot structures, should be used.
A collaborative effort between researchers from CNRS in France,

the Paul-Drude-Institut in Germany and ETSI in Spain has shown that
careful optimization of the MBE growth conditions results in high-
quality GINA QWs emitting at up to 1600 nm (Appl. Phys. Lett. 2003
82(12) 1845). The samples consisted ofa 9 nm GINA single QW with
~37% In and as much as 3.5% N. Particular care was taken to preserve
a perfect two-dimensional morphology of the QW even at this high
N-content. This is the key to achieving a high radiative efficiency. In
addition, TEM confirmed that no exchange/interdiffusion at the
QW/barrier interface occurred during the post-growth annealing step
which is traditionally used to enhance the radiative efficiency of GINA-
based devices. These results show that GINA QWs are indeed suited
for 1500 nm laser applications.
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‘MBE-grown GaN HFETs
reach 180 GHz
A group from the National Research Council in Ottawa, Canada, has
reported AlGaN/GaN HFETs grown by ammonia MBE with some of
the best high-frequency characteristics yet reported for MBE-grown
devices (Elec. Lett. 2003 39(6) 564). The device layers, grown onto
4H-SiC substrates, consisted of a 20 nm AIN buffer layer deposited
by magnetron sputter epitaxy, followed by a series of layers grown by
ammonia MBE. These were a 2 um insulating GaN layer, a 0.2 um

| undoped GaN channel layer and a 14 nm AlGaN layer consisting of
a4nm spacer, a4 nm donor layer and a 6nm cap.

The HFETs had a gate length of 0.13 um and source-drain and
source-gate spacings of 2.1 and 0.7 um, respectively. DC character-
istics showed a maximum drain current of over 1.25 A/mm and peak
transconductance was 250 mS/mm. Extrapolated values for f, and f,,..
were 103 and 170 GHz, respectively, at a source-drain voltage of 10 V
and gate bias of —2.5 V. The RF characteristics were tested out to a
source-drain voltage of 20 V where the f, and f,,,,, values were 75 GHz
and 180 GHz, respectively.

Self-assembled GaN
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nanorods grown by MBE

Si substrate

A field-emission SEM image of GaN nanorods with the c-axis along the

rod length and with hexagonal cross-section.

| A group headed by Professor Li- Wei at the National Sun Yat-Sen

| and rod densities ranged from 10° to 10° cm~7

University in Taiwan has reported the growth of nanosize GaN pillars

by nitrogen plasma MBE (Appi. Phys. Lett. 2003 82(10) 1601). These

wurtzite GaN nanorods were vertical to the Si (111) substrate wafer

and were aligned along the crystallographic c-axis with a hexagonal

cross-section. The top surfaces of the nanorods were flat and paral-

lel to the substrate, and TEM showed the rods to be dislocation-free.

By tuning various growth parameters the team were able to vary the

size and the distribution density of the nanorods. The smallest GaN

rod diameter was around 10 nm, the ret rod height was over 3 um

2 LOW- -temperature pho-
|. toluminescence showed an emission peak at 363 nm. An N, plasma

treatment to passivate the surface eliminated this peak, demonstrat-

ing that its origin was in rod surface states, which are known to play

an important role in structures with large surface/volume ratios.

The group is now investigating nanorods that incorporate hetero-

junctions with multiple InGaN/GaN quantum wells.
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To advertise your product in this section, contact Joanna Hook on tel: +44 117 930 1033, or e-mail: joanna.hook@iop.org.

Precision machining of sapphire
wafer carriers and substrates
Insaco Inc
Insaco’s eight-page brochure describes the precision machining of
sapphire, quartz, glass and ceramic to customer specifications. Multiple-
size sapphire wafer carriers and substrates are a specialty. Inquiries for
development parts, price quotes and samples up to full production runs are

welcomed. Engineers are on hand
to discuss alternate materials and
design options.

Contact: Insaco Inc
Tel: +1 215 536 3500
Fax: +1 215 536 7750
Web: www.insaco.com

OMlIprobe Epiwafer Characterization
Optical Metrology Innovations Ltd
For HBT, HEMT, VCSEL, LED/RCLED, QWIP and SiGe epiwafer

characterization, OMI offers the OMIprobe variable angle photoreflectance

spectrometer with 2" to 200 mm wafer mapping. Device-specific parameter

extraction is performed by the OMIprobe proprietary lineshape software,

including bandgap to a precision of 2 meV, surface and interfacial electric fields,

and strain effects on epilayer band structure. OMIprobe is configurable for

spectral ranges covering GaAs, InP,

SiGe, and GaN based epiwafers.

Contact: Optical Metrology
Innovations Ltd, 2200 Cork Airport
Business Park, Cork Airport, Co.
Cork, Ireland
Tel: +353 21 4316907
Fax: +353 21 4845238
E-mail: info@omi.eu.com
Web: www.optical-metrology.com

Nanoquest lon Beam Batch Etcher
Intelvac
Etch any material at any angle with inert gas. The Intelvac Nanoquest
Batch Etcher uses a gridded ion source for controlled wafer etching. The
Nanoquest, using only argon gas, easily etches precious metals and
dielectric materials. The high-flow cooling stage uses double-axis rotation
for improved uniformity during operation. Process temperatures are
compatible with soft photoresist masks, without using pastes or

mechanical clamps.

Contact: Intelvac, 247 Armstrong
Avenue, Unit #6, Georgetown,
Ontario L7G 4X6, Canada
Tel: +1 905 873 0166
Fax: +1 905 873 0168
E-mail: sales@intelvac.com
Web: www.intelvac.com

C1 Optical Surface Analyzer
Candeia Instruments
Candela Instruments’ C1 Optical Surface Analyzer offers automated
surface inspection for 2— 8 inch optoelectronic or semiconductor wafers.
Candela combines scatterometry, reflectometry and optical profilometry
to detect and classify contaminants and surface defects such as particles,
residue, scratches, epi defects and slip. C1 is a cost-effective manual-load
platform for optically transparent or opaque wafers, including SiC,

= sapphire, GaN, GaAs and InP;
| cassette-to-cassette handling is

also available.

Contact: Gale Lane, Candela
Instruments, 48890 Milmont Drive,
Suite 103D, Fremont, CA 94538-
7362, USA
Tel: +1 510 413 0900
E-mail: query@candela-inst.com
Web: www.candela-inst.com

Got a new product?
Our Product Showcase section offers cost-effective advertising

in print and electronic formats.

Purchase a Product Showcase classified ad in Compound Semiconductor
magazine (75-word description, product photo and contact details)
and the same ad will appear on the CompoundSemiconductor.net

website for one month — at no extra charge!

Contact Joanna Hook on tel: +44 117 930 1033
or e-mail: joanna. hook@iop.org
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The brakes go on at RFIC makers
After a run of impressive revenue growth, things seem to be slowing up for the GaAs giants, but it’s
full steam ahead for Cree’s LED business as it brings more production capacity on line.

s the figures began to roll in for the March 2003Az it was clear that RFIC manufacturers
are now fighting to maintain revenues and prof-

itability. Skyworks Solutions announced revenues of
$157.4 m for the March quarter, up 22% from the same
period last year, but down nearly 2% compared with the
December 2002 quarter. After reaching its goal of oper-
ating profitability in the September 2002 quarter,
Skyworks has continued to build on this through
improvements in its margins, which are now at 44%.
The company reported an operating income of $4m
in the March quarter, up slightly compared with $3.7 m
in the previous quarter.

Market overview

GaAs IC companies

_Anadigics ANAD 1.98 1.59-12.27 60.7m
_Celeritek CLTK 7.59 5.01-11.16 93.7m
Endwave ENWV We 0.32-3.80 10.5m
RF Micro Devices RFMD 5.48 4.97-19.38 1.003 bn

Sirenza Microdevices SMDI 1.62 1.05-5.40 48.6m
Skyworks Solutions SWKS 5.59 2.89-14.96 771.9m
TriQuint TQNT 3.68 2.55-11.41 490.0m
Vitesse VTSS PX TAO) 0.62-7.59 552.1m
Opto companies

Agilent A 1. O2 10.50-34.65 7.314bn
Alcatel Optronics ALAO S25 1.50-8.30 896.0m
Cree CREE 21.36 8.989-25.42 1.564 bn
JDS Uniphase JDSU 3.24 1.58-5.45 4.586 bn
Semiconductor materials and equipment companies

ATMI ATMI 22.70 11.75-34.15 697.5m
AXT AXTI 0.94 0.66—12.00 Zales
Emcore EMKR 1.95 0.98-9.74 72.0m
Kopin KOPN 6.145) 1.93-9.40 399.7m
Tegal TGAL 0.39 0.13-1.40 6.3m
Trikon TRKN 3.43 3.02—15.02 48.1m

Veeco VECO 15.67 9.14-34.30 458.0m

European companies (currency data in €)
Aixtron AIXG.F 3.22 2.06—18.00 226.1m
Bede BED Ons 0.12-0.44 3.6m
Bookham BHM.L 10)5) 0.92-1.25 229.5m

IQE GEE 0.04 1.44-9.36 om

-Riber RIBE.LN 0.79 0.58-1.14 14.9m

Soitec SOIT.LN S30 2.22-3.80 201m
STS SkRiis.- 0.11 0.06-0.16 3.4m

_Unaxis UNAXZN.VX 68.60 42.2-136.1 915m
“Market capitalization = # shares x current share price.
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A boost to margins has come from the completion
during the quarter of the company’s facility consolida-
tions, which have been ongoing since the Alpha/
Conexant Wireless merger. GaAs HBT production has
moved from the former NDI/Alpha fab in Sunnyvale,
CA, to Newbury Park, CA, and module manufacturing
from Haverhill, MA, to Mexicali, Mexico.

Looking ahead, Skyworks expects its revenue for the
June quarter to be in the range of flat to down 5%
sequentially, despite new design wins. This is due to the
current economic environment, coupled with reported
softness in its Chinese, Korean and Indian markets.

Skyworks’ rival, RF Micro Devices, reported rev-
enue for the March quarter of $138.3 m, a sequential
decrease of 5.1%, but a 37.7% increase over the fig-
ure of $100.4 m for the year-ago quarter. Net loss was
$13 m, or $0.07 per share, which was in line with revised
guidance given on April 7. In the December 2002 quar-
ter the company had a net income of $2.8 m. Originally
RF Micro Devices had forecast a net loss of about $0.01
per share, but was forced to revise this figure when its
sales mix shifted during the quarter towards lower mar-
gin products for GSM handsets.

The shift in its product mix looks set to continue as
evidenced in the company’s guidance for a loss of
between $9 m and $11 m (5—6 cents per share) for the
June quarter. However, efforts to improve margins and
profitability are expected to bear fruit in the June quar-
ter. These include improved yields and the conversion
to 6 inch wafer manufacturing.

Anadigics posted lower sales and wider losses for
the March quarter than analysts had been expecting. Its

loss stood at $12.2 m, compared with $7 m in the pre-
vious quarter and analysts’ expectations of a $9 m loss.
Sales declined by 15% sequentially to $16.1 m,$1.1m
below expectations.

Cree breaks another revenue record
Cree posted its second successive record quarterly rev-
enue figure of $60.2 m, a 6% sequential rise. The fig-
ure was an impressive 80% higher than the $33.4 m
reported in the year-ago quarter, thanks to continued
strength in demand for the company’s LEDs. Net
income for the quarter increased to $10.6 m, compared
with a loss of $68.3 m in the year-ago period.

The demand for Cree’s LED products has necessi-
tated a rapid expansion in manufacturing capacity. This
is now coming on line, and the company expects to be

able to pursue new business that will add to its revenues
in the coming quarters. @
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= Innovative Reactors

In 1982, Riber develops the industry’s first phosphorus
dedicated MBE research system.
Patented Phosphorus Sources
In 1992, Riber introduces the zero-burst valved
phosphorus cracker cell design that is now used by all
major component manufacturers.
Full-Service Application Lab
In 2002, Riber inaugurates the industry’s first indium
phosphide application lab to accompany you from
start up through full production of phosphorus-
containing compound semiconductor materials.

—
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If you want to visit our application laboratory and find
out more about our global phosphorus solutions for

growth, characterization and maintenance, please
contact us today at:

RIBER
133, bd National
92503 Rueil-Malmaison Cedex / France
Tel: +33 (0) 147 08 84 35
Fax: +33 (0) 1 47 08 32 39
e-mail: info@riber.com
Web site: www. riber.com



Think big. Work small.

Veeco helps you visualize, measure,
and create nanoscale features.

Veeco provides the metrology and process equipment solutions that

help make today’s—and tomorrow’s—advanced semiconductor devices

faster, smaller, and more cost-effective. Solutions like the only non-

destructive 3D measurement technology for 100nm and below. MBE for

the production of compound semiconductors. lon beam deposition and

3D AFM for photomask production and metrology. To find out more, visit

www.veeco.com/semi or call 1.888.24.VEECO today.

Solutions for a nanoscale world.

ss tiled TM
ie %,

. x
* esA “~\ Te ~

* heme >. * ie me
% Pn. ie,

‘ “=. sf hes *
“ * od “>

> € Bos _ *

i. i be ~ cd ‘
* . ‘

+ >. _ .
* . 4

~ hie.
~ = ae ” ha,

’ ~ E

~~ >

Atomic Force Microscopy

Atomic Force Profiling

Optical Profilers

Stylus Profilers

lon Beam Deposition

lon Beam Etching

Molecular Beam Epitaxy
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