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Color displays and cameras

promise to lift the market
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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 vou from
start up through full production of phosphorus-
containing compound semiconductor materials.
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lobal Phosphorus Solutions

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 Ruecil-Malmaison Cedex / France
Tel: +33 (0) 1 47 08 83 35

Fax: +33(0) 1 47 08 32 39

e-mail: info@riber.com

Web site: www.riber.com
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High-brightness LEDs are increasingly
featuring in the plans of interior designers p9
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36 Cameras and color displays promise
an end-of-year boost

Handset manufacturers are hoping that new models

featuring color displays, cameras and multimedia

messaging will result in strong shipments towards the
end of the year, writes Tim Whitaker.
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Computer modeling is helping MOCVD
users to understand the process better p39
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Pillar formation is just one of the pitfalls
that exist in high-rate via hole etching p43
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S10, finds a new lease of life in GaN MOSFETs.
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GaN growers model their way to
higher quality materials
Jon Newey looks at an example of how modeling is being

applied to understanding what 1s happening during GaN
epitaxy and how this relates to material quality.

Removing the GaAs via hole etch
process bottieneck

Increasing the speed of GaAs backside via etching is the
current mission for manufacturers of dry etch tools. Young

Cho and Jim Thomas explore the new problems that high
etching speeds bring and how these can be solved.

49

SUVOS targets UV emitters for
biosensors and communications

The US Department of Defense i1s funding a project called
SUVOS that aims to develop UV lasers and LEDs for

biological agent detection and covert communications,
writes Richard Dixon.
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HMEADLINE NEWS

By Jon Newey

The dearth of product and company news in
the days leading up to the European Conf-
erence on Optical Communications (ECOC),
held September 812 1n Copenhagen, Den-
mark, did not inspire great confidence that the
event itself would be much better. Attendees
returning from Copenhagen described the
exhibit hall as being relatively quiet compared
with last year’s event when the fiber-optic
industry was already well into its current reces-
sion. One year on and everyone 1s still trying
to predict when things will bottom out. Recent
news such as that of Agere and ADC axing
their optical components units indicates that
the industry may still have some way to fall.

Reducing costs

In the opening session of the conference,
David Payne, director of the Optoelectronics
Research Centre at the University ot South-
ampton, UK, described how the major areas
of interest for the industry have shifted from
the long-haul to areas such as metro networks
and fiber-to-the-home. These applications
may be component hungry, but they are also
cost conscious. “Cost reduction 1s now the
single most important issue, said Payne.
To achieve this, Payne’s view 1s that tunable

ALCATEL OPTRONICS

b 4

HAY R LR QRS

§ 3 5

-5 Tl B SI0Y £ O

Alcatel Optronics’ receiver combines InP-
based SOAs (seen at the bottom left of the
image) with a silicon-based AWG (seen on
the right) on a silica-on-silicon platform.

devices and hybrid integration will be the key
technologies, and that component makers will
need to invest in automated assembly to help
keep manufacturing costs down.

In the exhibition halls the atmosphere was
somewhat subdued. “The industry 1s very
inward looking right now,” said fiber-optic
industry analyst Jeremy Mills, speaking to
FibreSystems Europe magazine. “Everyone’s
In maintenance mode. It’s just like what hap-
pens at a company when staff know there are
going to be layofts. There’s lots of gossip and
rumors, with many of the exhibitors here [at
the show | looking around and asking who'’s
going to be the next to go out of business.”

Manufacturers reshape to cope

with difficult market conditions

By Richard Dixon and Jon Newey
Lower spending on wireless handsets and
optical communications equipment has led
to lower sales, forcing equipment and com-
ponent makers to slash jobs and restructure
their operations. In recent weeks the com-
pound semiconductor sector has seen a num-
ber of companies announce restructuring
programs as they deal with current and anti-
cipated future market conditions.

TriQuint and IQE take tough action

Following the consolidation of its Texas
operations and a wafer upgrade in Oregon,
TriQuint will reduce its global workforce of
1600 employees by 7%. The changes have
attected about 15% of the 465 employees in
Hillsboro, OR, where the company recently
upgraded i1ts GaAs fab to handle 6 inch wafers
(Compound Semiconductor April 2002 p59).
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Also affected are about 10% of the 425
employees in Richardson, TX, where the
company recently consolidated its various
manufacturing facilities.

“This 1s a difficult but necessary action
impacting a loyal and hard-working team of
employees,  said TriQuint’s Ralph Quinsey,
president and CEO. “However, with the con-
tinued impact of slow telecommunications
spending, we are adjusting our workforce
at these locations 1n order to better match
capacity with demand.”

Quinsey added that TriQuint’s SAW filter
business at Sawtek, located in Orlando. FL..
and Costa Rica, continues at record produc-
tion levels, and that no reductions in force are
planned for these locations.

One of the many companies rethinking
its strategy 1s epiwafer vendor IQE, which
has undergone a “‘comprehensive strategic

www.compoundsemiconductor.net

Reflective mood prevails at ECOC

There are numerous companies working
with technologies that they believe will enable
them to deliver cost savings to network buil-
ders. One of the companies aggressively
pursuing this strategy, through device inte-
gration, 1s France’s Alcatel Optronics. “We
have always championed integration as the
only solution for cost and size reduction,”
said Philippe Bregi, COO of Alcatel. “This
directly impacts not only the component
world but, more importantly, the system
and operator domains.”

Backing up these comments, Alcatel dem-
onstrated two new products that combine
semiconductor active and passive components
onto a silica-on-silicon platform. The first was
a transmitter that monitors and adjusts eight
wavelength channels before combining them.
According to Alcatel, the combiner integrates
41 functions, including VOASs, monitoring
photodiodes and a passive combiner, onto a
silica-on-silicon platform.

Alcatel’s second new product to demon-
strate high levels of integration was a wave-
length-division demultiplexer for extracting
8 x 10 Gbit/s channels with 50 GHz wave-
length spacing. The device uses an InP-based
semiconductor optical amplifier (SOA) with
an AWG on a single silica-on-silicon platform.

review  of'its business. One of the outcomes
of this 1s the placing of a renewed emphasis
on the wireless, solid-state lighting, optical
storage and strained silicon markets.

The review has also led to significant cost
control/reduction actions, including around
60 redundancies that have reduced the com-
pany’s total workforce to 310. IQE has also
announced changes to i1ts directorate (see
People news p21).

“Notwithstanding the weak 1ndustry
outlook, we continue to make significant
product progress, particularly with regard
to our leading position with strained sili-
con, which 1s quickly becoming recogni-
zed as the key material for next-generation
microprocessors, said Drew Nelson, IQE’s
president and CEOQO.

Endwave goes offshore

One of the ways that companies can reduce
overheads 1s to move manufacturing to lower
cost areas of the world. Endwave, a producer
of microwave and millimeter-wave subsys-
tems, has signalled its intention to go to >>



HEADLINE NEWS

offshore manufacturing, and is restructuring
with the loss 0f 40% of its workforce. The cuts
will affect Endwave’s sites in Sunnyvale and
Diamond Springs, CA, and will leave the
company with about 130 employees.

“These changes reflect our belief that no
recovery of the telecom market will occur
before 2004. The changes will position the
company to realize significant cost savings in
the fourth quarter and further ahead,” said
CEO and president Edward Keible.

Tool manufacturers not immune

Those producing manufacturing equipment
have suffered the knock-on effects of their
customer’s reduced output and scaled-back
capital investment plans. Trikon, a manufac-
turer of semiconductor processing equipment
based in Newport, UK, plans to reduce its
head count by around 20%. The company,
which currently employs around 400 people

“These changes reflect
our belief that no
recovery of the

telecom market will
occur before 2004.”

worldwide, hopes to achieve cost savings of
around $1 million per quarter.

Trikon’s president and CEO Nigel Wheeler
said the reductions would only minimally
affect product and process development and
the support of strategic programs.

Newport Corporation, a supplier of auto-
mated assembly and test systems, has re-
structured its two operating divisions. The
company’s former Fiber Optics and Pho-
tonics Division (FPD) has now been reorg-
anized into the Advanced Packaging and
Automation Systems Division (APAS), which

www.compoundsemiconductor.net

will cover all of the company’s automation
equipment technology.

The Industrial and Scientific Technologies
Division (ISTD) will focus on instruments
and subsystems for optical, optomechani-
cal, vibration isolation and motion control.
Several facilities will be consolidated and
between 225 and 275 jobs will be lost, re-
sulting 1in annualized savings of between
$12 million and $14 million.

“While we still strongly believe in the
long-term prospects of the fiber-optic indus-
try, we currently do not see a return to growth
for us in this market until at least 2004.” said
Robert Deuster, president and CEO. Orders
from the company’s semiconductor capital
equipment customers have remained strong
in the last six months, but Newport’s man-
agement team remain concerned about uncer-

tainty in the marketplace related to the timing
of the recovery cycle.

Gore Photonics

Gore Photonics. a manufacturer of VCSEL-
based transceivers. 1s on the market. Parent
company W L Gore & Associates has decided
to sell its fiber-optic business as part of its
strategy to focus on electrical interconnects.

Gore Photonics supplies VCSEL-based

parallel optic arrays for very-short-reach inter-
connection between electronic components

and systems. In addition to Gore’s 850 nm
VCSEL technology, the company has demon-
strated optically pumped 1310 nm VCSEL
structures targeting longer reach applications.

niroyal aiming to
restructure under
Chapter 11 code

Uniroyal Technology has filed for reorga-
nization under Chapter 11 of the US bank-
ruptcy code, just weeks after the company
was cited 1n several class action lawsuits
for allegedly misleading investors. Chapter
11 allows a company a window of time, free
from the demands of creditors, in which to

reorganize 1ts business to better deal with
its financial difficulties.

Uniroyal says the petition, filed at the
District Court of Delaware in Wilmington,
should enable it to continue with no impact

on customers, employees or operations, and
will allow a restructuring of debt and relieve

puts VCSEL business up for sale

“We are refocusing Gore’s electronic com-
ponents business on high-performance elec-
trical interconnects and materials, said
Russell Shaller, general manager of Gore
Photonics. *“As we seek interested buyers for
the fiber-optic business, we will continue to

fully support the needs of our customers and
meet our commitments to them.”

Despite the current industry downturn,
Gore Photonics says that it is experiencing
“robust sales growth  for its nLighten par-
allel optic products. Last year the company

cash-flow issues. Uniroyal received a com-
mitment for up to $15 million of debtor-in-
possession financing from The CIT Group to
ensure that customer and vendor relationships
remain intact during the process.

The company also said the court had ap-
proved orders to pay pre-petition claims in
full to vendors who agree to continue sup-
plying the company’s strongest operating unit,
Uniroyal Engineered Products, and to critical
subcontractors of its Sterling Semiconductor
subsidiary. Pre-petition claims for the com-
pany's Uniroyal Optoelectronics and NorLux
subsidiaries will be resolved through the
Chapter 11 process.

According to a recent SEC statement, the
company saw sales growth in high-brightness
LEDs up to the end of June, particularly for
UV devices used in equipment for counterfeit
detection. However, the company has suffered

outsourced packaging of the nLighten modu-
les to Flextronics, a Singapore-based contract
manufacturer (Compound Semiconductor
August 2001 p18).

Gore claims to be one of only two man-
ufacturers to have successfully launched
12 x 1.25 Gbit/s modules, which are currently
being shipped for use in production systems.

Gore acquired 1ts 850 nm VCSEL tech-
nology through its purchase of Optical
Concepts, a spin-off from the University of
California at Santa Barbara.

“severe liquidity constraints  from the costs
associlated with developing the high-bright-
ness LED business and its Si1C technology
through Sterling. Uniroyal continues to seek
a buyer for Sterling following the recent fail-
ure of the deal with Umicore (see Compound
Semiconductor July 2002 p3).

“Today’s action provides us with time to
restructure our balance sheet while continu-
Ing to operate our businesses without inter-
ruption, said Uniroyal chairman and CEO
Howard Curd. “We hope to emerge from
this process quickly as a stronger, more
competitive organization.

Events took a further turn for the com-
pany when it was delisted from the Nasdaq
Small Cap index on September 5. A day
later, the shares were trading through the

National Quotation Bureau at a new 52 week
low of $0.03.
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IT'S A FACT

e T . that no other MOCVD company
. | in the world offers you the unique,
. ' " : B versatile, and constantly high
. . quality technology you're assured
. 3 of from AIXTRON, whether you're
. producing LED's, Lasers, Detectors,

o HEMTs, HBTs, OEICs...

o ...And we can prove it!

[He CVD LHngimeering Company

________ FACT!

No other company in the world

E ' - offers you a complete MOCVD
reactor line, based on a proven
scaling concept, from R & D
up to full-scale production
(1x2" up to 95x2" wafers or
equivalent 3" 4" 6" wafers].

o
.....

...........

____
____

mmARBE =S AIXTRON is the only company in
- R8RS the llI-V epitaxy field offering proven

processes from mono layer thick-
ness up to more than 200um/h.

FACT!

AIXTRON was the first MOCVD
company worldwide to receive the
ISO 8001 Certification

the internationally recognized
quality symbol.

OF OUR ”;

INTT0017 1IN
PN INL

European Headquarters Aachen - Germany AIXTRON Japan Moritani & Co., Ltd - 8th Machinery Dept. - 1st Business Group
AIXTRON AG - Kackertstrasse 15-17 - 52072 Aachen 1-4-22 Yaesu, Chuo-Ku - Tokyo 103-8680
Phone: +49 (241) 89 09-0 - Fax: +49 (241) 89 09-40 Phone: +81 (3) 32 78 - 61 31 - Fax: +81 (3) 32 78 - 60 03
E-mail: info@aixtron.com - www.aixtron.com E-mail: m8info@moritani.co.jp

US Headquarters Chicago, IL AIXTRON Taiwan Challentech International Corp.

AIXTRON Inc. - 1670 Barclay Blvd. - Buffalo Grove - IL 60089 Pateh Road No. 1 - Lane 9 - Hsin-Chu, 300
Phone: +1 (847) 215 - 7335 - Fax: +1 (847) 215 - 7341 Phone: +886 (3) 56 14 - 211 - Fax: +886 (3) 56 11 - 194
E-mail: usinfo@aixtron.com E-mail: hoton@challentech.com.tw

AIXTRON Korea AIXTRON cshs AIXTRON China  AIXTRON AG - Shanghai Branch
4F, Korea Exchange Bank B/D - 358-1, Yatap-Dong Kuen Yang Building, Rm 1204
Bundang-Ku, Sungnam City - Kyoungki-Do, 468-828 Zaojiabang Rd. 798 - 200030 Shanghal
Phone: +82 (31) 703 - 51 00 - Fax: +82 (31) 703 - 51 10 Phone: +86 (21) 64 45-32 26 - Fax: +86 (21) 64 45-37 42
E-mail: koreainfo@aixtron.com E-mail: chinainfo@aixtron.com

Come and see us at CS-MAX at booth no. 200
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S"' G With the SIRIUS system, Unaxis
I e became the world's leading
supplier of UHV-CVD equipment for SiGe HBT
production. Now Unaxis Semiconductors has

secured the next milestone.

Revolutionary Low Energy Plasma Process
know-how from Unaxis sets the benchmark in
virtual substrate production by combining our
«py factors» faster new Low Energy Plasma
Enhanced CVD process with our dry Low
Temperature Cleaning Process.

Set a new milestone in the SiGe-Market for
your company now. logether we can shape the
T world of tomorrow.

semiconductors.unaxis.com

LEPP 300 Loading Station LEPP 300 Plasma Cleaning Module

email: info.semiconductors@Qunaxis.com

USA Tel. +1 727 577 4999 KOREA

EUROPE Tel. +423 388 6237 TAIWAN

CHINA Tel. +86 21 5057 4646 JAPAN
SINGAPORE Tel. +65 6890 6288 OTHER MARKETS

Tel.
Tel.
Tel.
Tel.

+82 31 708 8666
+886 3597 7771
+81 3 3225 9020
+41 81 784 6237

SiGe Hetero Bipolar Transistor (HBT)

making |IT possible



GaAs NEwsS

www.compoundsemiconductor.net

Global Communication Semiconductors
(GCS) has formed a strategic alliance with
Plextek, a circuit and systems design con-
sultancy located in Great Chesterford, UK.
Under the terms of the alliance Plextek will
have access to GCS’s fab, enabling 1t to pro-
vide 1ts customers with compound semicon-
ductor foundry services. Plextek will assist
GCS as the company’s UK resource for IC
design services. Plextek has experience in the
design of GaAs ICs for GSM handsets and
broadband wireless access.

“In this dynamic economic climate we

Skyworks releases
2.4 GHz HBT PAs

Wireless LAN applications are being targeted
for Skyworks’ new 2.4 GHz linear power
amplifier. The AP157-317 linear PA is fabri-
cated using Skyworks’ GaAs HBT process,
and supplies 27 dBm of linear output power
with 802.11b modulation at 11 Mbit/s. The
device 1s housed in surface-mount pack-
aging, making 1t suitable for design into
WI-FI wireless LANSs, 2.5 GHz spread spec-
trum transmitters and other ISM band de-
vices. The second device, the AP163-317,
provides 23.5 dBm of linear output power.
Both devices deliver an output power of
31 dBm and small signal gain of 18 dB across
the 1.8 to 2.5 MHz range.

Packaged in a 16-pin 4 x 4 mm micro lead
package, each device operates with power

WJ Communications
expands mixer series

WJ Communications (San Jose, CA) has aug-
mented 1ts MMIC mixer line with two new
devices. The MH203 and MH205 are GaAs
MESFET mixer ICs and are the first of the
company’s mixer products to target cellular
frequency bands from 800 to 960 MHz in
surface-mount SOIC-8 packages. Features
include a high I1P3 of +32 dBm, conversion
loss of 8.5 dB, and a noise figure 0 9.0 dB.
Targeting GSM, TDMA, CDMA, EDGE and
CDMA 1x systems, volume production is
planned for December 2002.
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SKYWORKS

GCS allies with Plextek to
boost design resources

continue to see the disintegration of the tra-
ditional integrated device manufacturer,
which has given birth to businesses that spe-
cialize and reduce the total costs to bring
ICs to market,” said Owen Wu, founder and
chief strategy officer at GCS.

Wu believes that the availability of com-
pound semiconductor foundry services pro-
vided by GCS, coupled with Plextek’s design
consultancy expertise, will allow fabless
companies to move quickly and cost effec-
tively to address the wireless and high-speed
telecommunications markets.

Skyworks’ new GaAs HBT PAs are designed
for ISM band applications at 2.4 GHz.

supplies ranging from 2.7to 4.5 V, to accom-
modate access points and battery-powered
wireless devices such as notebook PCs.

RSC unveils GaAs

DAC converter iC

Rockwell Scientific Company (RSC) has
released a new 12-bit digital-to-analog con-
verter (DAC) intended for commercial and de-
fense markets. The RDAO12 1s a mixed-signal
[C that exhibits a 65 dBc dynamic range at
333 MHz output frequency with a 1 GHz clock.
The DAC 1s fabricated using RSC’s GaAs
technology and 1s highly linear at a high IF,
enabling direct up-conversion without the use
of linear mixers. Target applications include
radar systems, cellular base stations, satellite
terminals and point-to-multipoint links.

Our spin tool is
revolutionary.

Windows®-based,
SO it's easy to create —
and transfer rec:pes -

Accurate, repeatable
results from 2" to
300mm - 3i, InP.

Quickly configures
for nearly all rounds,
squares or pieces.

Spin, bake, spin

and bake, bake

and chill, or spin &= SRR
and bake and chill - & ~  e *"’“‘
automatically. o
You ve got options.

Self-contained
and compact.
20"x 32-42"

footprint.

Flexible. | |
Precise. v
Compact.

Easy-to-use.

It’s the SpinBall™ system, the
cost-effective, single-wafer processing
system for your R&D or specialty
production needs. Visit site.com or

call 408-980-1155 to learn more.

SITE SERVICES o
INC.

All trademarks are the property of their respective owners.

See the SpinBall'" System

at CS-MAX, Booth #512
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The Key Conference on
Compound Semiconductors

Discussing and defining the future prospects for the compound
semiconductor industry

Wyndham Casa Marina, Key West, Florida
March 10-12, 2003
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BANDWIDTH
SEMIC CONDUCTOR

With a cohesive and complete team of professmnuls Bandwidth Semiconductor confinues to grow

in today's marketplace. We operate a complete compound semiconductor growth & device fabrication
line housed in a 13,500 sq. ft. class 100/1000 cleanroom.

Foundry Services

We design the process steps and conditions to
meet the desired device characteristics and
implement the process in our fab. Process
equipment intluJ;s:

Epitaxial Services

MOCVD Experts — 20 Years Experience

Our extensive MOCVD experience and
capacity enable us to grow a wide range of
GaAs and InP epitaxial structures to our own
or to customer's designs.

e PECVD
e GaAs and InP-based materials o Metallization
7" 3" 4" Custom Epi-Wafer Capability ® Wet & Dry Etch

® Excellent Uniformity & Reproducibility
® Production & Development Quantities

® Photolithography
® Dielectric & Optical Thin Film Deposition
® Water Polishing, Lapping, Dicing & Cleaving

BANDWIDTH SEMICONDUCTOR, LLC
25 Sagamore Park Rd., Hudson, NH 03051

www.bandwidthsemi.com
(603) 595-8900

Epitaxial and Foundry Inquiries: sales@bandwidthsemi.com
EOE M/F/D/V

Join the leaders:

Agilent and HRL

In using the most advanced software for

Heterojunction Device
Simulation Featuring...

¢ Arbitrary semiconductor materials
¢ 1D/2D and true 3D geometries

¢ State-of-the-art transport models
v" Drift diffusion

v' Thermal
(lattice temperature)

v Hydrodynamic
v Quantum transport

¢ Most robust
numerical algorithms

¢ Highest quality grids

¢ GUI for device
structure creation

¢ Radiation effects

LS = g S e o R

-0.2 0

Hot Electrons in HEMT: Electron
Temperature Distribution (deg.Kelvin)

‘H‘Immm— = —
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Integrated Systems Engineering

US Europe and Asia
(408) 869-4154 +41 1 389 97 00

sales@ise.com sales@ise.ch
WWW.ise.com www.ise.ch




OSRAM OPTO SEMICONDUCTORS

LED NEWS

Osram Opto sheds some

light on the boardroom
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Osram Opto Semiconductors’ LED modules have been used in the five panels above the
board table. Each panel contains 128 modules, giving a total of 4096 LEDs per panel.

White Linearlight LED modules from Osram
Opto Semiconductors have been used in light-
ing fixtures by the designers of a new board-
room at the Swiss Kantonalbank in Lucerne.
The design called for the board table to be lit
by five thin panels suspended above the table,
each measuring 1 x 1 m”. Using the LED mod-
ules, which contain Osram Opto’s 5 mm thick

TOPLEDs, allowed the thin design criteria

to be met.

Each of the suspended panels comprises
128 of the Linearlight modules, giving a
total of 4096 white LEDs per panel. The
panels can be dimmed and give off a max-
imum 400 Lux each, at a distance of 1.2 m

from the table.

Agilent reveals dot-matrix LED

Agilent Technologies has introduced the
industry’s first LED dot-matrix alphanumeric
displays operating from a 3.3 V supply.

The HCMS-39XX series 1s compatible
with standard 3.3 V microprocessors and
logic circuits, and interfaces directly with
the microprocessor or microcontroller, sim-
plifying power supply design and reducing
board space and costs. The 5 x 7 pixel for-
mat panels can be stacked 1n both x- and y-
directions to create compact high-density
information displays.

“With the delivery of the first 3.3 V smart
LED displays, we have simplified new sys-
tem design by eliminating the need for a
separate 5 V supply, said Soo-Ghee Lee, VP
and general manager of Agilent’s Opto-
electronic Products division.

Agilent’s new units are supplied in four-
and eight-character versions, each with a

COMPOUND SEMICONDUCTOR OCTOBER 2002

displays operating at 3.3V
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Agilen
are compatible with standard electronics

and simplify power supply design.

choice of 0.15 or 0.20 inch character height
and standard red, orange and green LEDs.
AllnGaP LED displays are also available for
applications requiring extra brightness.

www.compoundsemiconductor.net

Toyoda Gosei and
Nichia settle dispute

On September 17, rival Japanese GaN LED
makers Nichia and Toyoda Gose1 announced
details of their agreement to finally settle their
long-running patent dispute (see Compound
Semiconductor September 2002 p3 for fur-
ther details). The companies have agreed that
each is free to use existing patents belonging
to the other party, and that all outstanding
patent litigation proceedings will be dropped.

Toyoda Gosei has agreed to pay a royalty
fee to Nichia in respect of future white LED

products that use YAG phosphors, and the
companies will negotiate “reasonable’ roy-
alties 1f either wishes to use future patents

belonging to the other.

Luxeon LEDs chosen

by Color Kinetics

[Lumileds Lighting (San Jose, CA) has been
selected by Color Kinetics to provide LEDs
for three of 1ts intelligent color-changing LED
fixtures. Lumileds’ Luxeon LEDs will be
incorporated into Color Kinetics’ ColorBlast
range of indoor/outdoor wall-washing fix-

tures, and also a spotlight product.
The new fixtures are scheduled for release

in the fall. The ColorBlast 12, the largest of
the three units, uses 36 of Lumileds’ 1 W emit-
ters to produce the same light output as 360
conventional high-brightness LEDs.

Kyocera introduces
ceramic packages

Kyocera has developed the LED industry’s first
surface-mount ceramic package, in response
to the continuing trend for high-brightness
LEDs to be surface mounted 1n thin packages.
Heat dissipation from small high-brightness
devices 1s an important consideration in main-
taining device reliability. Kyocera’s ceramic
multilayer package 1s designed to maximize
the heat dissipated from the LED chip, while
keeping its size to a minimum.

The LED packages are available 1n a num-
ber of shapes and sizes, and use ceramics such
as alumina and aluminum nitride, which toler-
ate high heat loads and offer more efficient heat
dissipation than resin materials. They can also
be surface coated with reflective materials to
improve light extraction from the LED chip.




Nature tolerates poor survival rates.
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As a volume manufacturer of III-V components,

you can't atlord to.
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As the IlI-V market grows, it becomes more competitive.
The companies that survive will be those with the best

production techniques and highest yields. You can't afford

.......

to take any chances.

If yeu, ,went to get serious about volume compound device
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Palladium Cell Troubles Bogging You Down?

Switch to the AERONEX INFINITY Gas Purification System

l Task Name

Duration

2002

—— i

Jan

e

Feb

1 Mar

Troubleshooting

MOCVD Process Down

Replace Palladium Cell

Pump/Purge, Leak Check
Dry Down

Requalify Process
MOCVD Process Down

Leak Check Palladium Cell

Replace Palladium Cell

Pump/Purge, Leak Check

Dry Down |

Requalify Process
MOCVD Process Down

Leak Check Palladium Cell
Install INFINITY GPS

Leak Check, Dry Down

Requalify Process

1d

7d

0.50d

0.50d

5d
1d
7d
0.50d
0.50d
0.50d
Sd
1d
3d
0.50d
0.50d
1d

1d

-

Process out—¢ [
of specification

| |
J
|

|
]
Power Failure —@

E ol o cell (e

2K found

R T cell leqk 7 ound

MOCVD in Production

Vs

| |
|
&

B MOCVD Back to Production
e |

Industry moves from palladium cells to better alternative

The AERONEX”INFINITY"Gas
Purification System 1s easy to install,
reliable, and saves money with its low
cost-of-ownership.

Power failures, high oxygen levels
iIn hydrogen, and common user errors
cause damage to palladium cells.
R&D and production schedules are
constantly interrupted to leak check
palladium cells to make sure that
purified hydrogen 1s available for the
process. If the palladium cell 1s found
leaky, the replacement procedure can
take days to finish because of pump-
plurge cycles, heating up and PID
tuning, long dry down, etc. Hundreds
of thousands of dollars are lost due to
the palladium cell related downtime of

multi-million dollar process
equipment.

The INFINITY GPS 1s simple to
set-up, start, and operate. Unlike
palladium cells, the INFINITY 1is
ready to purify gas as soon as its
process gas lines are connected and
power 1s applied. There is no need for
pump-purge cycles or long waits for
the cell to dry down before purified

hydrogen can be provided to the
process equipment. Hydrogen with less
than 1 ppb moisture 1s available within
a couple of hours, not several days.
And, when you want to shut the system
down, simply turnit off.

Ambient temperature purification
technology makes the INFINITY
extremely robust and reliable. The
hydrogen purification technology
developed by AERONEX works
without power or heat. Contaminants
are removed by chemisorption, oxida-
tive addition, simple oxidation, and
simple adsorption. SIMS data obtained
from both GaAs and GaN thin film
samples fabricated with hydrogen
purified by AERONEX purification
technology repeatedly show oxygen
levels in the low 10° ¢cm™ range (the
detection limit of SIMS). The reactions
are reversible at high temperature,
which makes the purification media re-
generable. Heat 1s only required during
this regeneration process. The dual
vessel, automatic self-regenerative
design gives the INFINITY unlimited
capacity for contaminantremoval.

A significant performance
advantage i1s the ability of the
INFINITY to operate at full flow rats
with a low pressure drop. The overal
pressure drop i1s usually less than |
atmosphere at the specified maximun
flow rate. Just one INFINITY car
replace over-sized or multiple
palladium cells. Low pressurt
hydrogen users can save tens 0
thousands of dollars of investment b
purchasing INFINITY to deliver ultr
high purity hydrogen with sufficien
flow and pressure.

Switch to the INFINITY today an
let the performance and operationa
advantages of the AERONEX ga
purification system reduce your cost
of-ownership and 1mprove you
results.

AERONEX i1s headquartered 1
San Diego, CA and may be reached :
(858)452-0124 or by visitin
www.gaspurifier.com.

VeW =/ »p ") V] =7,
ram) AN T A [ Vg

The Source for Gas Purification

6975 Flanders Drive, San Diego, CA 9212
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Toshiba, NEC create rival DVD format

By Tim Whitaker

Toshiba and NEC have joined forces to create
a new standard for next-generation optical
storage systems. The technology, which uses
405 nm violet lasers, will compete directly
with the Blu-ray Disc announced in February
of this year (see Compound Semiconductor
April 2002 p3).

The Toshiba—NEC format has been jointly
proposed to the DVD Forum, an industry-
wide group that includes producers of films
and computer software. By disclosing the
technical specifications of the standard,
NEC and Toshiba are likely to win support
from other manutfacturers that have not joined
the Blu-ray camp. The Blu-ray Disc 1s suppor-
ted by nine leading manufacturers, namely
Hitachi, Matsushita, Pioneer, Sharp and Sony
in Japan, LG and Samsung in Korea, and
Philips and Thomson in Europe.

The proposed Toshiba—NEC format will
increase the capacity of read-only DVD

QD researchers win
accolades in Europe

Several of the leading researchers involved in

the European Union-funded project Quantum
Dot Lasers for Optoelectronic Information
Communication, also known as DOTCOM,

have received prestigious awards for their |
work on GaAs-based quantum dots for next- |
generation optical communication devices. |

Dieter Bimberg of the Technical University

of Berlin, Zhores Alferov (winner ot the 2000 |

Nobel prize for physics) of the lofte Institute
in Russia and other co-workers have received
the 2001 State Prize of Science and Technol-
ogy from the Russian Federation.

“I am deeply honored by this award as 1t 1s

always gratifying to receive external recogni- |

tion for pioneering research,  said Bimberg.

“Of course. this award reflects our effort over |

the last few years, but there are still many excit-
ing discoveries to be made in quantum dots.
Our participation in the DOTCOM project will
help accelerate these discoveries and 1dentify
commercial possibilities for these structures.
Bimberg’s colleague Sven Rodt received
the best student paper award at the Inter-
national Semiconductor Physics Conterence,
held in Edinburgh, UK, in August, for his
presentation “Antibinding excitons in self-
organised InAs/GaAs quantum dots .

COMPOUND SEMICONDUCTOR OCTOBER 2002

discs from 4.7 to 15 GB for a single-sided,
single-layer disc, and from 8.5 to 30 GB for
single-sided, dual-layer discs. Single-sided,
single-layer read-and-write discs will have a
capacity of 20 GB, and a forthcoming single-
sided, dual-layer read-and-write disc will be
able to store 40 GB of data, the equivalent
of about four hours of high-definition televi-
sion broadcasts or about 25 hours of regular
television broadcasts.

The discs used by the Toshiba—NEC for-
mat will use the same disc technology as
current DVDs, 1.e. back-to-back bonding of
two 0.6 mm thick discs with a diameter of
120 mm. This 1s likely to keep disc production
costs relatively low. Also, the Blu-ray discs
will require a protective cartridge.

The two new 405 nm standards are incom-
patible, which could hamper the widespread
adoption of next-generation optical storage
technology. Recordable DVD has suffered
because of the development of three separate

standards. In a news article on Yahoo.com,
Jean Charles Hourcade, CTO of France’s
Thomson Multimedia, said i1t would be wrong
to “repeat the mistake the industry has made
with recordable DVDs".

In fact, major media companies such as
Disney and AOL Time Warner are likely to
decide the fate of the two violet laser DVD
formats. “In the pre-recorded market there
1s a powerful third party we all have to work
with and that’s the content industry, said
Hourcade. “Whatever the media owners
say is decisive.

[t is highly unlikely that media companies
will sell their films on competing violet laser
DVD formats alongside the existing DVD
format, which will remain on sale for a while.
A similar situation occurred in 1995; Toshiba
and Sony headed two consortia with differ-
ent red laser DVD formats, but Hollywood’s
movie industry forced them to agree on
a single standard.

Process) : ‘ . SAES

Gas
¥4
(" SAES Purifier

ure Gas

2
" Defects

: Perfect
Eoi

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, HCI 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.

Come and see us at (S-MAX at
booth no. 208

getters

1 1-1-1 SAES Pure Gas, Inc.

(805) 541-9299

ww.PureGasTechnoIogies.com
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A range of X-ray solutions for R&D and quality control environments

Bede X-ray tools non-destructively determine
key parameters of most important advanced
materials automatically, quickly and safely:

e Silicon and compound semiconductors
e Si, SiGe and SOI device structures
e GaAs, InP and GaN epitaxial device structures
e Thin films including:
- High-k dielectrics
- Low—k dielectrics
- Diffusion bammers
- Damascene copper
- Si02 and oxynitride
e Metallic & magnetic multilayers
® Ceramics
® Polymers

Solutions for each stage of
Si semiconductor production:

e Process development in the R&D lab
® Pilot lines
e Full-scale production in a fab

e Suitable for high capacity compound
semiconductor foundries

Solutions for the general purpose
high resolution X-ray research lab:

e Ultimate performance and versatility
for semiconductor, pharmaceutical
and other applications

e Widest possible range of techriiques

e Used worldwide in industrial, university
and government research laboratories

-
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UK USA

T
F
E

+44 (0J191 3324700 | T +1(303)790 8647
44 {0)191 3324800 | F +1 (303)790 8648
nfo@bede.co.uk E ssles@bede.com

www.bede.com




FIBER NEWS

Agility and lolon receive
tunable laser contracts

Agility Communications and Iolon are cele-
brating some long-awaited positive news for
tunable lasers. Agility has received a contract
to supply tunable transmitters to Lightscape
Networks for use in metro networks. Unlike
some previous announcements of partnerships
or supply agreements, this 1s a positive sign
that tunable lasers are gaining acceptance with
network equipment suppliers.

Agility will supply 1ts 4245 EML widely
tunable transmitter to Lightscape. This trans-
mitter integrates three devices — a tunable
laser, a semiconductor optical amplifier and
a modulator. Lightscape will use the module
in 1its XDM hybrid optical networking plat-
form, creating a tunable linecard that supports
50 and 100 GHz channel spacing. The linecard
will appear in Lightscape’s products by the
end of this year.

“This technology integration from a top-
tier, publicly held company such as Light-
scape Networks 1s believed to be an industry
first for metropolitan-based converged net-
working platforms, said Ron Nelson, presi-
dent and CEO of Agility. “The metro market
requires operators to decrease capital and
operating expenditures, while still furthering
the development of advanced network appli-
cations. We're thrilled Lightscape recognizes
the huge benefits widely tunable lasers will
bring to carriers and look forward to deliver-
ing those benefits to the marketplace.”

“We’re thrilled that
Lightscape recognizes
the huge benefits

widely tunable lasers
will bring to carriers.”

In further positive news for tunable laser
manufacturers, Lucent Technologies 1s to
iIncorporate Iolon’s tunable lasers into 1its
[LambdaXtreme DWDM platform. At present,
it seems unlikely that lolon will be shipping
1ts lasers to Lucent in any significant volume.
The LambdaXtreme 1s still in the sampling
and trials phase and Lucent will be looking
for an upturn in demand from the long-haul
sector before raising production volumes.

[olon and Agility have different approaches
to making tunable lasers. Iolon takes an
InP-based laser chip and combines 1t with
an external tuning cavity. The position of
the mirror 1n the cavity 1s altered using a Si
MEMS electrostatic actuator (Compound
Semiconductor December 2001 p41).

In contrast, Agility uses front- and rear-
sampled grating DBRs monolithically inte-
grated with the laser chip. Each mirror has a
number of reflectivity peaks selected by the
application of a current. The laser emits at a
wavelength where the peak reflectivities of
the two mirrors are aligned.

Intense Photonics raises $S16 m

Intense Photonics has secured a second round
of financing for its quantum-well intermixing
(QWI) technology (Compound Semiconduic-
tor September 2001 p63). Located in High
Blantyre, Scotland, the company has closed
a $16 m series-B funding round, which adds
to the $11 m won 1n the first round (Compound
Semiconductor August 2001 p14).

Cazenove Private Equity led the funding
with a syndicate containing first-round
investors 31 and ACT Venture Capital, plus
two additional European venture companies.
The company will use the funds to accelerate
the development of its product range and
strengthen 1ts marketing effort.

“The many current and potential appli-

COMPOUND SEMICONDUCTOR OCTOBER 2002

cations of Intense Photonics’ QWI techniques

have given us the confidence to invest in the
company at a time when most photonics com-

panies are struggling and market visibility |
remains poor, said Tod Bensen, CEO of |

Cazenove Private Equity.

[ntense Photonics uses 1its QWI process to

selectively modity a semiconductor’s band-
oap, thereby enabling multiple functions to
be integrated on a single chip.

Intense 1s not the only start-up pursuing

QWI as aroute to manufacturing optical com- |
ponents. DenseLight Semiconductors of Sing- |
apore has also received backing from 3i and |
1s fabricating components using its own

method of QWI.

www.compoundsemiconductor.net

Kamelian wins $S1m
order for amplifiers

Kamelian of Oxford, UK, has begun ship-
ping an order worth $1 m for one of it semi-
conductor optical amplifier (SOA) products.
The order, from an undisclosed customer, 1s
for Kamelian’s new 1310 nm SOA., which was
recently added to i1ts 1550 nm optical power
booster and optical pre-amplifier products.
Such amplifiers fulfill a need for amplifica-
tion that cannot be met by EDFAS.

Also, Kamelian has collaborated with u’t
Photonics of Berlin, Germany. The compa-
nies combined an ultrafast photodiode man-
ufactured by u“t with Kamelian’s high-gain,
low-noise SOA to demonstrate a 40 Gbit/s
receirver with better than —17 dBm sensitivity
at a bit-error-rate of 10 °. The high sensitivity
removes the need in some applications for an
integrated transimpedance amplifier. The
receiver has a wide dynamic range of 15 dB
and withstands high input signal powers of
more than 10 mW.

—

Honeywell, Genoa boost
distribution networks

Honeywell’s VCSEL products division
has signed an agreement with Richardson
Electronics to distribute its line of laser
products. Richardson will have distribu-
tion rights in Europe, the UK, Africa and
the Middle East. Honeywell manufactures
standard and custom VCSEL packages
including arrays, TO-can, LC, SC, optical
subassemblies and optical front-end
transmitters and detectors.

Meanwhile, linear optical amplifier
manufacturer Genoa Corporation has
established new distribution partnerships.
(Genoa 1s now represented throughout
Europe by Laser 2000 and 1in Korea by
CoreTech Corporation, while Optiwa
handles its Japanese distribution.

Zia Laser receives ISO
9001:2000 certification

Zia Laser, a manufacturer of 1310 and

1550 nm quantum-dot lasers based in
Albuquerque, NM, has won ISO 9001:2000
certification. The certification covers all
aspects of the development, design and
manufacturing of Zia’s products.
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Opticis expands VCSEL transceiver production

Opticis, a Korean manufacturer of VCSEL-
based transceivers, has expanded into new
facilities in Sungnam City. The facility nearly
quadruples its original space to 11,000 sq. ft.

The move will provide additional facilities
to increase the production of transceivers and
optical cables, and to give more flexibility
In meeting customer requirements. Opticis
will also transfer and consolidate its VCSEL
fabrication line at the site, which will include
assembly and packaging operations.

In addition to 850 nm VCSELSs, Opticis
designs and manufactures pin photodiodes,
which the company says allows it to maintain

OPTICIS

Opticis manufactures transceivers using its
own 850 nm VCSELs and pin diodes, so it
has tighter control over costs and quality.

control over transceiver packaging costs.

“With a short foundry lead time and flexi-
ble manufacturing, the customer receives the
benefits of complete life-cycle control,” said
[1 Kim, Opticis’ CTO and co-founder. “This
ensures a reliable and consistent product
not subject to variations resulting from sub-
contracted technology.”

The company has also begun shipping
2.5 Gbit/s small-form-tfactor pluggable opti-
cal transceivers. The M3-250-PAT contains
an 850 nm VCSEL, 1s IEEE 802.3z compli-
ant and serves InfiniBand, Fibre Channel and
Gigabit Ethernet applications.

Receivers

e Inphi and u®t Photonics AG of Berlin in
Germany have collaborated on an InP
receiver. The XPRV2021 consists of u’t
Photonics’ waveguide-integrated pin
photodiode and Inphi’s 4334TA
transimpedance amplifier, and offers a
bandwidth of 43 GHz. The device exhibits
an mput sensitivity of —10 dBm, a bit-error-
rate of 10~” and operates at 3.3 Vina
surface-mount package.

e ThreeFive Photonics is offering a

10 Gbit/s version of its 2.5 Gbit/s multi-
wavelength receiver. The A4D 10 features
four channels operating at 10 Gbit/s, and
provides a fourfold increase in capacity
without increasing the footprint.

® Spectrolab has unveiled new 2.5 and

10 Gbit/s InAlAs/InGaAs APDs with a
responsivity of 8 A/W at 1550 nm and

7 A/W at 1310 nm. The devices incorporate
an avalanche layer made of InAlAs rather
than InP material, which the company says
lowers noise and improves sensitivity.

Lasers

e Mitsubishi Electric has introduced a
singlemode DFB laser that delivers 60 mW
(CW) over a temperature range of 0—50 °C
using a 10 Gbit/s external modulator. The
company’'s ML9XX37 is powerful enough
to transmit across 100 km links and
operates in five channels in the C-band
(15301565 nm) with 0.8 nm wavelength
ITU-grid spacing between the channels.
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APPLIED OPTOELECTRONICS

Devices from Inphi, u®t, ThreeFive Photonics, Spectrolab, Mitsubishi Electric, AOIl, JDSU and Alcatel

e Applied Optoelectronics 1s offering a
new line of cooled 1310 nm DFB lasers.

The devices provide up to 25 mW output
power and are suitable for both forward-
and return-path CATV applications. The

{ DFB-1310-BF-16-A-FA |

laser is intended for CATV applications.

DFB-1310-BF series of lasers are housed in
industry-standard 14-pin butterfly
packages and are OC-48 pin compatible.
Integrated isolators reduce the signal
distortion in links over 40 km, while an

integrated TE cooler maintains wavelength
stability from —20 ° to 65 °C.

@ JDS Uniphase’s newest DBR laser offers
a CW power output of 20 mW and is
tunable over 24 channels with 50 GHz
spacing. The CQF 310 is available in eight
wavelength ranges covering the C- and L-
bands and uses temperature tuning. The

laser uses an integrated etalon wavelength
locker and has been designed to reduce

iventory in metro, hybrid fiber-coax and
CATYV applications.

Pump lasers

e Mitsubishi Electric has unveiled two
980 nm pump laser diodes for DWDM
applications. The ML861ESS delivers

1.1 Wotpower (750 mW kink-level)
without risking catastrophic optical
damage. The design includes a window
structure developed using a quantum-well
Intermixing process. An uncooled version
(ML8627S) uses facet coatings to stabilize
the wavelength (980 = 10 nm) over a
temperature range of 5—85 °C. The output
power at 25 °C 1s 200 mW and the threshold
current 1s 70 mA..

e Alcatel Optronics’ new coolerless
980 nm terrestrial pump — the 1998 PLM
Coolerless —delivers up to 150 mW of
power. T'he laser 1s housed in a 14-pin
butterfly package with the fiber Bragg
grating pump-wavelength stabilizer
included 1in the fiber pigtail.

Drivers

® Inphi has a new 12.5 Gbit/s GaAs-based
differential Mach—Zehnder driver that
targets SONET OC-192 linecards and
transponders. The 2020DZ is designed for
RZ and NRZ applications, and exhibits rise
and fall times of 17 ps, jitter of 0.5 ps RMS
and pulse widths of 30 ps. The driver
operates from 5 and —5.2 V DC power
supplies and is available in a 22-lead
surface-mount package.

COMPOUND SEMIiCONDUCTOR OCTOBER 2002
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Harvest the Rewards

- The Enterprise 300LDM _
‘The Largest Yield Producing Laser Diode Tool on the

EMCORE engineers designed the E300LDM to improve flow conditions and efficiently utilize

rea-ctants.,_'ultimately providing the industry with a tool that has the highest material yields
available. The E300LDM features EMCORE's exclusive RealTemp™ optical control technology,
which provides in-situ monitoring and control of wafer temperatures during production runs.
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NEWS FROM ASIA

IN ASSOCIATION WITH OPTOTECH MAGAZINE

Sanyo Electric plans
violet laser production

According to news reports 1n Japan, Sanyo
Electric 1s planning to start the mass prod-
uction of violet laser diodes in April 2003,
mainly for use in next-generation, high-
capacity optical storage applications. The
company will be investing around ¥5 billion
($43 million) in order to install production
lines at 1ts Tottori Sanyo Electric subsid-
1ary 1n Tottor1 prefecture, and plans to estab-
lish a maximum monthly output capacity of
two million units.

At present, Nichia 1s the only commercial
supplier of violet lasers, although Cree and
Toyoda Gosel are close to market and Sharp
has announced plans to launch a commercial
product late next year (see Compound Semi-

More global orders
for color LCD panels

Major Japanese liquid-crystal display (LCD)
manutacturers such as Sharp, Seiko Epson
and Seiko Instruments are set to expand their
production of small color LCD panels in
response to large orders from mobile phone
makers in Europe and the US. For example,
Nokia has asked for a monthly supply of
7—8 million LCD panels from this fall for use
In 1ts new range of color phones.

Demand for mobile phones with color
LCDs 1s growing in the US, Europe and
South Korea, while “almost 100% of mobile
phones in the Japanese market offer color, a
Sharp spokesman said. Color LCDs require
white LEDs as backlights, while monochrome

NOKIA

conductor September 2002 p25). In order to
avoid patent infringement 1ssues, Sanyo has
developed an alternative to Nichia’s GaN-
on-sapphire approach. Sanyo’s laser uses a
GaN substrate and has a vertical structure with
top and bottom electrodes. The device also
employs 1on implantation in the p-type GaN
cladding layer, which stabilizes the laser’s
output without the need to fabricate a ridge
waveguide (see Compound Semiconductor
May 2002 p10).

Sanyo 1s currently the third-largest sup-
plier of red and infrared laser diodes in the
world. The company produces approxi-
mately 13 million units a month for use in
CD and DVD drives.
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As mobile phone manufacturers such as
Nokia and Motorola introduce new handsets
with color screens, Japanese LCD makers
are ramping their production capacity.

————— e

www.compoundsemiconductor.net

Fuji Xerox launches
10 Gbit/s VCSELSs

- Fuj1 Xerox plans to mass-produce 10 Gbit/s
VCSELs suitable for emerging 10 Gigabit
Ethernet applications. The new AlGaAs/GaAs
devices operate at 850 nm with a maximum
output power of 4 mW, and consume 10 mW
of power when operating at 2 mW output
power. The unit price 1s ¥5000 ($43).

Toshiba set to boost
LED production

Toshiba i1s to invest about ¥10 bn ($85 m) to
Increase its output capacity for LEDs and Si
MOSFET-based devices. The combined mon-
thly output of LEDs at its factories in Fukuoka
prefecture, Japan, and Thailand, will increase
from 70 million to 100 million by fall 2003.

(e.g. blue or green) displays use LEDs of
the appropriate color.

Japanese LCD makers are expected to
maintain the upper hand in the small color
LCD market, though they remain stuck in
fierce competition with South Korean and
Taiwanese rivals 1in the market for larger
LCDs for use in personal computer monitors.

Sharp will raise its monthly output of
2 inch super-twist nematic (STN) color LCDs
to 2.3 million units by the end of the year,
from the current 1.6 million. Meanwhile,
Seiko Epson 1s to accelerate output at 1ts plant
in Suzhou, China, in response to the expan-
sion of cellphone production in the country
by Nokia and other companies. The firm will
convert 30% of 1ts monochrome LCD facili-
ties at the plant to make them ready for color
display output by the end of the year.

Quantum Electronics & Sensor Technologies

.. driving advanced compound semiconductor technology into the future ;

High Power, High Temperature Electronics

| QinetiQ
Custom Epitaxy & Characterisation
Custom Device Fabrication & Test

High Performance Thermal Imaging
High Speed, Low Power Electronics

Magnetic Field Sensing Technology
Gas Sensing Technology

Tel: +44 1684 895365
Email: quest@qinetiq.com
Web: www.ginetig-quest.com
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w - - There are still only a small number of blue

BI u e L E Ds Stl I l Strong in Ta Iwan LED chip manufacturers in Taiwan, despite
the strong demand at present. One major issue

Due to continued and growing demand from  Epitaxy, has estimated that the global demand  1s the lead time for new companies to enter the
mobile handset manufacturers. the market for  for blue and green LEDs is about 500 million ~ market. It generally takes at least one year
blue LEDs in Taiwan is expected to remain  units per month. An ongoing problemisashort-  from placing the equipment orders for a com-

healthy during the second half of the year. age of blue LED die due to the low yield ofthe  pany to be ready to enter production. Due to
Samsung and other handset makers are mov-  manufacturing process. In order to focusmore  the difficulties of the nitride LED manufac-

ing over to the use of blue LEDs for mono-  on epitaxial growth and device processing, turing process, it can take even more time for
chrome displays and white LEDs for full-color ~ Epistar has outsourced the polishing, cutting  the company to improve its yield and device
displays. Huan Kuo-Hsing, president of United  and inspection steps for blue LED die. performance to acceptable levels.

— ——— S — e

in brief...

displays, optical communications and optical ~ capable of cutting silicon wafers at a speed

Shanghai park to develop

optoelectronics industry storage. Tl_le park’s role will b_e todevelopkey of 30 cm/ s, which 1S five tnmﬁs faster than
technologies and products, with the eventual conventional rotating cutting blades. The

An optoelectronics science and technology goal to become China’s “optical valley” . technology, which can also be applied to

park to be built in Shanghai, China, will compound semiconductors and other

become the main industrial zone for the future

Hamamatsu speeds up materials, allows silicon chips to be spaced

development of the optoelectronics industry Iaser—cutting technol ogy only 1 um apart, while blades require a
in the region. The National Chiading High- separation of 30 pum. This can increase the

tech Industrial Park will host business start- Hamamatsu Photonics has developed a yield of 0.4 x 0.4 mm~ chips on an 8 inch
ups and R&D companies in areas such as wafer-dicing technology using a laser that1s  silicon watfer by 15%.
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MATERIALS & EQUIPMENT

Okmetic and Epigress sign Nikko Materials hits
the quality mark

SIC wth ' t deal
I g ro eq u I pmen ea " Nikko Materials USA, a supplier of InP and

CdTe wafers, has achieved ISO 9002:1994

S1C CVD equipment maker Epigress of Lund, customer status with Epigress. certification for its quality management sys-
Sweden, has signed a letter of intent with Okmetic developed its proprietary HTCVD | tem. The registration brings the company’s
Okmetic of Finland to license Okmetic’s technology in conjunction with Linkoping | facility in Chandler, Arizona, in line with its
proprietary high-temperature chemical vapor  University in Sweden, and is currently final- | parent company’s plant in Isohara, Japan.

deposition (HTCVD) technology. Under the izing plans to expand its manufacturing capa-

terms of the agreement, Epigress will have city for S1C into a full-scale industrial process.
exclusive access to the HTCVD technology  Most bulk S1C material 1s grown by sublima-

Equipment sales

in order to develop, market and sell equip- tion, while in HTCVD the material is grown | e Santur Corporation has ordered an
ment for the manufacture of bulk S1C mat-  directly from gas-phase precursors (silaneand | Emcore D180LDM (laser diode machine)
erial. Okmetic will be granted preferential ethene) at temperatures above 2000 °C. for use in the company’s laser manufac-

turing process. Headquartered in Fremont,

= which 1s an essential prerequisite for coping | CA, Santur makes tunable sources based on
AlXtron Group and with the increasing demands of the strongly | an array of DFB lasers on a single InP chip.

Ev Group bOISter growing MOCVD market in China,” said |

executive vice-president and COO Steve | e Light Chain Technology, located in

presence in ASla Perry, who 1s responsible for Aixtron’s | Hsinshu, Taiwan, has ordered an Aixtron
Global Service Operations. AIX P60 diamond microwave CVD

The Aixtron Group has opened a new service Meanwhile, EV Group, a manufacturer | system. The reactor will be used to deposit

office in Shanghai, China, offering service, of MEMS and semiconductor wafer pro- | thindiamond films used in diverse

local spare parts supply and process support  cessing equipment, has formed a joint ven- | applications such as surface acoustic wave

for the entire Aixtron Group product range. ture company, called EVG-Jointech Corp, | devices, high-frequency wireless data

This includes the systems manufactured 1n Taiwan. The company, which will be | transfer, thermal heat sinking (e.g. for

by Aixtron AG, Thomas Swan Scientific located in Taoyuan, includes personnel i cooling high-power LEDs/lasers) and free-

Equipment Ltd and Epigress AB. A team from EVG and from EVG’s representative | standing optical windows. Scaling from 2 to
of service engineers will provide customer company in Taiwan. ~ 61nch substrates, the diamond reactors were
support, and a comprehensive consignment “Our expanded presence in Taiwan gives | developed at the Fraunhofer Institute for
stock for all of the MOCVD tools offered us the ability to provide quicker, better and ‘ Solid State Physics in Freiburg, Germany
by the Aixtron Group will be installed in  more qualified on-site service to our Taiwan- ‘ and manufactured under license by Aixtron.
the near future. ese customers,  said Peter Podesser, CEO of |

“We can now offer our Chinese custom- EVG. “Our goal is to work as closely as pos- | e Aixtron has sold an AIX 2600G3 HT
ers a fast, reliable and high-quality local ser- sible with customers by combining local | MOCVD reactor to LED Expert

vice for all products of the Aixtron Group, expertise with the European knowledge base.” | Corporation (Ledex) of Taiwan. Ledex will
— | usethe machine to mass-produce GaN-

' GaN-based high-brightness blue and green

e IQE’s CFO Richard Clarke and @ RF Micro Devices has named -~ LED chips. The AIX 2400/2600G3 HT has
president of US subsidiary IQE Inc Daniel DiLeo as a new member of its ~acapacity of up to 24 x 2 inch or 7 x 3 inch
Scott Massie have left IQE and resigned board of directors. DilLeo previously - waters. This sale will bring Aixtron’s instal-
their posts as directors. Tim Hawkes, who  served as the executive VP of the ~ led base of MOV CD tools in Taiwan to 40.
joined IQE 1in March from Marconi, has Optoelectronics Group at Agere Systems. | 10 of which are high-capacity GaN systems.
been appointed as acting CFO. Howard '
Williams, who has been with IQE since e Gerhard Kleineidam has been named e Citing extremely high market demands
1988, will act as the temporary general the new CEO of Leica Microsystems ~ forits products, Taiwanese epiwafer
manager of IQE Inc. (Wetzlar, Germany). Kleineidam, who - supplier Epitech Technology Corporation

joined the company in February, - will buy two additional Aixtron AIX
e Santur Corporation has named replaces Horst Wegener. - 2600G3 MOCVD production reactors with
Julian Osinski as VP of product - acapacity of up to 35 x 2 inch wafers. Both
marketing. Osinski has held positions at e Bob Chaney, former CEO of ~ systems will be used to manufacture watfers
SDL and managed the product launch Nanovation, has joined ATMI as senior VP | for high-brightness AlGalnP LEDs and will
of 14xx nm pump lasers for Raman and general manager of ATMI’s Epitaxial | be installed at Epitech’s facility at the
amplification systems at JDS Uniphase. Services division based in Phoenix, AZ. - Tainan Science-based Industrial Park.
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EpiRAS TT — the tool
for complete control.

With our brand new EpIRAS TT epi-
taxy monitors, 2 unique product
just got better. Now the world’s first
full spectroscopic real-time measur-
ing tool also includes true selective
online wafer temperature measure-
ment. In addition it analyses in-situ
growth rate, composition and dop-

ing level of complete semiconductor
device structures.
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No Surprises!

SILICON COMPOUNDS

SiGe:C sets device records

The progress of SiGe bipolar technology took
another step forward when two German com-
panies revealed that they have developed a
SiGe:C BiCMOS process that has yielded
record-breaking devices. Communicant Semi-
conductor Technologies, and Innovations for
High Performance Microelectronics (IHP),
both of Frankfurt, Germany, have jointly de-
veloped a SiGe:C BiCMOS process that has
yielded ICs with a ring oscillator gate delay of
4.2 ps. This is the fastest yet reported for a
BiCMOS technology. The high-performance
HBT modules had f, and f__, values of 200 and
170 GHz, respectively, witha BV g,01 2.0 V.

The process uses a low number of additional
lithography levels, eliminating complex pro-

cesses such as sub-collector epitaxy and deep
trenches. The inclusion of carbon into the base
of SiGe HBTs prevents the out-diffusion of
boron dopant atoms during post-growth pro-
cessing. A sharper doping profile means that
the base region can be made thinner and more
heavily doped to give a higher t..

The benchmark circuits fabricated included
53-stage CML ring oscillators, static and dy-
namic dividers, and LC oscillators; the latter
[Cs substantially exceeded the previously
reported highest speeds for silicon-based ICs.
Further details of the process and device per-
formance will be revealed 1n a presentation at
the International Electron Devices Meeting
(IEDM) 1in San Francisco in December.

Big Bear to use IBM’s
process technology

Big Bear Networks has adopted IBM’s S1Ge
process technology for incorporation into
its Photronic Signal Processing (PSP) family
of 10 and 40 Gbit/s transponders and sub-
assembly products. The two companies have
been working together for about 18 months.
IBM’s SiGe technology was selected after Big
Bear evaluated various competing process
technologies, including InP.

“In our early development phase we imple-
mented several designs in both Si1Ge and InP,
initially believing that the inherently higher
speeds of InP would be required for high-
performance 40G products,  said John Paul
Mattia, co-founder and CTO of Big Bear.
“However, after side-by-side comparison, we
found that S1Ge not only produces circuits that
achieve the mandatory high performance, but

Tricent machine
improves memory

The University of Magdeburg, Germany, has
installed an Aixtron Tricent reactor at its
new cleanroom facilities. The university and
Aixtron will jointly undertake research activ-
Ities on new precursors and related physical
properties for the materials strontium bismuth
tantalate (SBT) and lead zirconium tantalate
(PZT) tor future non-volatile memory appli-
cations. Based on the ferroelectric effect.
FeRAMs are expected to replace the many
different memory types used today.
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also lets us easily integrate the active intelli-
gence needed to overcome fiber impairments.”

According to Mattia, the ability of S1Ge to
integrate millions of transistors on a chip was
a key factor in its selection, particularly since
Big Bear’s PSP technology incorporates a high
degree of embedded intelligence.

“Since InP circuits are presently limited

to 5000 transistors, this clearly was not the
process platform of choice to integrate all
the functionality required by the intelligent
optoelectronic physical layer, said Mattia.
“S1Ge lets us augment standard functions such
as clock and data recovery at 10 and 40G with
the integrated signal processing necessary
to address the impairments associated with
high-speed fiber transmission.”
e Big Bear Networks recently received fun-
ding from the venture-capital unit of Agilent
Technologies, as a follow-on to Big Bear’s
series B round of funding, which raised over
$40 m in equity.

Chartered licenses
SiGe from IMEC

Chartered Semiconductor Manufacturing, one
of the world’s top three silicon foundries,
has licensed a 0.18 um S1Ge BiCMOS pro-
cess from IMEC, an independent R&D center
for microelectronics located in Belgium.
Chartered will offer SiGe manufacturing
capabilities by the second half 0of 2003, com-
plementing its mixed-signal and RF CMOS
technologies. The process has a peak f,,, of
100 GHz and is optimized for low-power, low-
noise RF applications in the 2—5 GHz range.
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4-inch InP wafers.

SEMICONDUCTOR up to ACROTEC,

MATERIALS

With LTIR max. of 0.40 microns and TTV
of 1.52 microns, our new ACROTEC
4-inch InP wafers offer the best flatness
control available. ACROTEC wafers are
manufactured using Nikko Materials'
proprietary PC-LEC crystal gfowth
technology for high crystalline quality;
and local thickness variation is well

controlled for good photolithography |
definition. Nikko Materials has expanded

-----
A,

its production capacity for 4-inch wafers
and now we're ready to support volume
shipments. People have known for years
that ACROTEC wafers from Nikko

Materials are of the highest quality

-------------
] o e e o

. available. Now that you know about |
their unequaled flatness control,
contact us today for a close-up view

at www.thinking-technology.com.
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SILICON UPDATE

WiTH BoB METZGER

Old dogs and new tricks

The ubiquitous gate oxide material from the silicon industry, SiO,, has been successfully used to
demonstrate GaN-based MOSFETs that rely on the properties of the GaN-SiO., interface.

Al

G Ge

A first step has
been taken,
combining the
workhorse of
the silicon
industry with
the newest
device
material.

AS

he remarkable chemical and physical nature
of the S10,—S1 interface has been critical to the
growth of the IC industry. Not only can S10,
withstand incredible breakdown fields in the order
of 1 x10” V/cm (resulting in breakdown voltages of
10-20 V for an S10, thickness of only 10 nm), but it
also has a mid-gap interface-state density of only
2 x 10'"°/cm?eV. These characteristics have made it
the perfect interface at which to store, inject and manip-
ulate charge, making all CMOS operations possible.
Unfortunately, such a high-breakdown, low-inter-
face-density oxide does not exist for I11-V compounds.
[[I-V devices are therefore not fabricated around
an insulator—-semiconductor interface, but employ
metal-semiconductor interfaces, or interfaces between
semiconductors of varying bandgaps. A quality oxide—
[II-V interface would only further improve the impres-
sive capabilities and applications of ITI-V devices.

The usual suspect

Does such an oxide exist? Perhaps. Researchers are

beginning to wonder 1f the 1deal candidate might be that

old favorite — S10,. In a rather ironic fashion, the I11-

V material system that is giving this veteran oxide a look

1s the very newest device-material system — GaN.
Despite the rapid improvement in GaN devices,

GaN MOSFET with SiO, gate

source

gate

drain SO,

Ti/AlI/Au

Al Ti/Al/Au

..........

.....

.....

_______________

Schematic structure of an n-channel depletion-mode GaN MOSFET, in which
the SiO,—GaN interface is integral to the charge transport through the device.
SiO, is deposited selectively by LPD onto the GaN channel and mesa sidewalls.
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almost all of which rely upon the AlGaN—GaN hetero-
interface to modulate and control charge, an ongoing
[imitation, and challenge to further device improve-
ments, 1S GaN surface passivation. This 1ssue must be
resolved to improve surface breakdown voltages fur-
ther and to reduce leakage currents (critical parameters
for both high-power and RF applications).

When fabricating GaN Schottky diode photodetec-
tors. Asif Khan and coworkers found that record-low
leakage currents could be obtained by using S10, to
passivate the GaN surface. This led to the incorporation
of S10, beneath the gate of a conventional AlGaN—-GaN
HFET (Khanefal.). Usinga 13 nm PECVD-deposited
S10, layer between the otherwise standard gate and
AlGaN layer, the resulting device exhibited gate-leak-
age currents that were six orders of magnitude lower
than those of the control HFET (1dentical to the MOS-
HFET except for the insertion of the 13 nm S10, layer).
This also allowed for a larger gate voltage swing and
higher linearity, which should enable a device with
less intermodulation distortion, less phase noise and a
larger dynamic range. While these improvements are
certainly desirable, the actual MOS-HFET 1s still essen-
tially an HFET where current transport takes place at
the AlGaN—GaN interface, and the S10, layer 1s used
to passivate the surface of the AlGaN.

With these initial successes, researchers are begin-
ning to explore the possibility of a true GaN MOSFET,
where the S10,—GaN interface 1s integral to the charge
transport through the device (see figure). Fabricated by
a research group from the National Cheng Kung Uni-
versity in Taitwan, this device relies on the quality of the
S10-,—GaN interface. Furthermore, a novel liquid-phase
deposition (LPD) process i1s used to deposit the S10, ,
rather than relying on a PECVD S10, layer as typically
used by III-V workers (Lee ef al.).

Liquid-phase deposition
LPD requires little more than a temperature controller,
a pH meter, a substrate holder and a Tetlon container.
A supersaturated hydrofluosilicic acid aqueous solu-
tion (H,S1F, — 0.4 molar) acts as the Si-source liquid
and a boric acid aqueous solution (H;BO;—0.01 molar)
1s used to control the deposition rate. These solutions
are used to deposit S10, at 40 °C and an approximate
rate of SO nm/h.

The highest-quality oxides are achieved for the low-
est growth rates. For the device 1llustrated in the figure,
MOCVD was used to first grow a 1.0 um undoped
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Despite the
improvement
in GaN devices,
an ongoing
Iimitation, and
challenge to
further device
improvements,
iIs GaN surface
passivation.
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Topics Include:

HB LED market trends and forecasts from Strategies Unlimited - Issues in white
with LEDs - New opportunities for LED signs - Trends
applications - Standards and measurement issues -

buffer, followed by a 200 nm Si-doped (5 x 10'7/cm?)
channel layer, and lastly a 20 nm heavily Si-doped
(2 x 10"®/cm?) contact layer. Device isolation and GaN
etching to define the contact regions were performed
by photo-enhanced chemical etching using KOH with
a pH of 13.5, under a light intensity of 25 mW/cm?,
resulting in an etching rate of 50 nm/min. Ti/Al/Au was
used for contact metallization, followed by LPD of S10,
that proceeds selectively only on the exposed GaN. This
not only coats the channel area, but also passivates the
exposed GaN—mesa sidewall.

Excellent performance
The S10, used 1n this device was 85 nm thick, exhibit-
ing an RMS surface roughness of 5.2 nm, a breakdown
field in excess of 5 MV/cm and an interface-state den-
sity of about 2 x 10"'/cm~eV. The leakage current of
I x 10 ’A/cm? is comparable to that observed in the
MOS-HFET. The breakdown field i1s half of that
observed for S10, grown on Si, and the interface-state
density is approximately an order of magnitude greater
—excellent values compared with those obtained in
many other efforts to form S10,—I11-V interfaces.
Using a gate that is relatively long (8 um) and 40 um
wide, the gate bias was ramped from 6 to -8 V. The

All of the information you need, in one place.

Everything you need to know about high-bri

world’s foremost
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device exhibited a transconductance (g,.) of 48 mS/mm
and a drain current density (I.) of 250 mA/mm at a Vi
of 4V and a V4 of 20 V. The g, 1s almost twice that of
a GaN MESFET control device of similar structure.
While these devices do not yet measure up to those
reported in AlGaN/GaN HEMT structures, this repre-
sents the first reported attempt at using the SiO,—GaN
interface in such an FET device. The performance can
undoubtedly be improved by optimizing the Si0, qual-
ity (especially critical will be the ability to use thinner
gate oxides, while maintaining good breakdown char-
acteristics) and reducing device geometries. In addi-
tion, the true potential of such structures will only
become clear once RF measurements are performed.
Despite these outstanding i1ssues, a first step has been
taken, combining the standard oxide that is the work-
horse of the semiconductor industry with the newest
semiconductor device material. B

Further reading

M Khan et al. 2000 AlGaN/GaN metal oxide
semiconductor heterostructure field effect transistor
IEEE Elec. Dev. Lett. 21(2) 63.

K Leeetal 2002 GaN MOSFET with liquid phase
deposited oxide gate Elec. Lett. 38(15) 829.
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Current blocking makes brighter LEDs

A general requirement of GaN-

across the active area of an InGaN/

based LEDs 1s that both n- and p- GaN MQW LED (J. Appl. Phys.
type electrodes are formed on the P 2002 92(5) 2249).
same side of the epitaxial layer, To insert the CBL, the surface
because of the insulating properties transparent metal contact region of the p-GaN layer beneath
of sapphire substrates. Some loss of the p-pad electrode was partially
light 1s therefore inevitable owing b etched by means of an inductively
to photon absorption near the p-pad | CBL coupled CH,/Cl,/H,/Ar plasma
electrode of the device. i b ] (S102) until the n-GaN layer was exposed.
Another problem that arises from An insulating S10, layer was then
the lateral structure of GaN-based grown using a PECVD system.
[LEDs 1s current crowding around The light-output power at 20 mA
the p-pad electrode caused by the -l of the chip with the CBL was 62%
resistive p-GaNlN layer. This may higher than that of the conventional
decrease the efficiency of light InGaN/GaN MQW LED chip, al-
generation, and reduce the reliabil- i though the light-emitting active
ity of LEDs thanks to the high elec- area was reduced because of the

AlP

trical carrier density 1n a localized
area of the device.

A number of methods to improve
current spreading are being inves-
tigated including the use of tunnel
junctions and superlattice contact layers. A group at the Kwangju
Institute of Science and Technology in Korea has investigated the use
of a current-blocking layer (CBL) beneath the p-contact. This reduces
current crowding below the contact and improves current spreading

The current-blocking layer (CBL) below the p-contact pad reduces
the downward flow of current. The current follows a lower-
resistance path through the light-transparent metal contact layer.

insertion of the CBL region into the
LED structure.

The researchers attributed this
improvement to the increase in cur-
rent injection into the entire active
area of the LED through the transparent electrode. The parasitic
optical absorption at the thick p-pad electrode was also reduced.

This resulted 1n a further improvement in the light output of the
LED chip with a CBL.

InGaAsN base layer reduces power consumption

In HBT technology, reducing the turn-on voltage by adopting a low-
bandgap material in the base 1s essential to maintaining a good PAE
under low-bias conditions. Researchers at Sandia National Labora-
tories and Emcore have reported the fabrication of DHBTs using qua-
ternary InGaAsN material to form a low bandgap energy (E.;) base
region. This reduces the operating voltage in GaAs-based electronic
devices (Trans. Elec. Dev. 2002 49(8) 1329).

InGaP/Ing (sGag 9-ASy 9oNg 01/GaAs DHBTSs giving improved band-
gap engineering at both heterojunctions exhibited a DC peak current
oain of more than 16 with a small active emitter area. The use of the
lattice-matched In, (;Gay 97AS) 90Ny o1 (Eg=1.24 €V) base layer allowed
the turn-on voltage to be reduced significantly —by 250 mV compared
with standard InGaP/GaAs HBTs. Good high-frequency performance
was achieved with f, and f ., values of 40 and 72 GHz respectively.

How capping layers can
disrupt quantum dots

There have been many studies into the formation of quantum dots
(QDs) and how their size and shape are influenced by growth par-
ameters. Less 1s know about the effect that the capping layer, required
to make a functioning device, has on the dots. Now Fariba Ferdos and
colleagues at Chalmers University in Sweden have systematically

studied the changes in InAs dot size and shape during the initial stages
of encapsulation with GaAs (Appl. Phys. Lett. 2002 81(7) 1195).

COMPOUND SEMICONDUCTOR OCTOBER 2002

Although the InGaAsN DHBTs did not achieve the peak frequen-
cies observed with InGaP/GaAs control devices, they did provide bet-
ter RF performance at lower base-emitter bias conditions.

The combination of low turn-on voltage, good breakdown volt-
age (BV,>14 V) and good microwave performance makes this a
promising material system for increasing the efficiency and reducing
the power consumption of the next generation of GaAs-based
HBT power amplifiers for wireless handsets. The material and device
fabrication processes are also compatible with mature GaAs foundry
and processing technologies.

The researchers are now working to optimize the quality of the base
material, and to use more aggressive base designs so that they can
reduce the transit time and base-sheet resistance and further improve
the DC and RF performance.

The group used AFM to monitor, and propose a model for the
evolution of, the dots as up to 16 monolayers (MLs) of GaAs were
deposited. They observed that the height and density of the QDs
reduced rapidly as up to 4 MLs of GaAs were deposited, and that GaAs
plateaus began to form. At 8 MLs the GaAs plateaus began to merge
and holes appeared in the plateaus above the InAs dots. Photo-
luminescence measurements showed a shift to shorter wavelengths
as the GaAs built up, indicating that the reduction in dot height changes
the emission wavelength. Also it 1s known that reduced dot density
limits the modal gain of a QD laser, so the QD capping material must
be chosen carefully to maintain dot height and density.
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QD lasers break the 10W
barrier for the first time

Researchers at the Technical University of Berlin in Germany have
made a quantum-dot (QD) laser with an output power of more than
10 W (Elec. Lett. 2002 38(16) 883).

The device was grown by MOCVD on a GaAs substrate. The active
region consisted of six repeats of an InGaAs QD layer capped with a
30 nm GaAs layer. The laser emitted at 1135 nm with a threshold
current of 650 mA., and in CW operation had a maximum output power
of 4.7 W at 12 A drive current. Under quasi-CW operation (50 us pulses
with 50 Hz repetition frequency) the maximum power was 11.7 W at

Ga I I i u m Arsenide 21.5 A. Catastrophic optical damage to the laser facets limited the

output power. Reducing the drive current to operate the laserat 1.5W
SU bstrates for incregsed its lifetime to more than 3000 h. e
Using MBE-grown material, the researchers have also tabricated

' _ d QD lasers operating at 1300 nm. The output power of the unoptimized
MICro- an devices using a preliminary mounting exceeds 3 W in CW operation
— the best value yet reported at this wavelength.

K-band GaN HEMTs hit
record power density

A joint effort between TriQuint and the University of South Carolina
has resulted in AlGaN/GaN HEMTs with a power density of 5 W/mm
at 26 GHz, the highest yet reported for devices operating at more than
20 GHz (Elec. Lett. 2002 38(16) 924). The HEMT structures were
grown by MOCVD onto semi-insulating S1C substrates. T-shaped
0.25 um Schottky gates were fabricated within a 4.5 um source-drain
spacing. The HEMTs were passivated using a Pl CVD SiN layer.
The maximum saturation currentwas 1.1 A/mmataV,__of2V.
Eoand k. . werc 35 and 79GHz. At 26 GHz (V4 25 V) thc: peak
PAE was 31% at an output power of 30 dBm cm*rcrspomiing to a
power density of 5 W/mm.

Freiperger

optoelectronics

Device isolation linked to

GaN HFET performance

A group at Simon Fraser University in Canada has concluded a study |
into the dependence of f, and transistor delay on the gate-to-drain |
separation (Lp) in AlGaN/GaN HFETs (Elec. Lett. 2002 38(16) 921). |
Devices were fabricated on MOCVD-grown material on sapphire |
substrates. T-gates 0.2 um long were formed and gate-to-source
spacing was 1 um. Devices isolated by wet-mesa etching and implan- |
tation were made on the same wafer.

Increasing the L from 0.5 to 4.5 pm reduced f, from 55 to 35 GHz.
The change in transistor delay with L, depended upon the method
of tabrication. Wet-mesa etching gave a 0.32 ps/um increase in delay, |

(u; llent surface quallty
-~ for epitaxial growth

Laser-markmg optlons

-

while implant isolation gave 0.16 ps/um. Previously published
data on mesas formed by RIE showed a much stronger dependence
of transistor delay on L. The researchers concluded that different
fabrication processes meant different levels of surface damage
In the device area. This damage affects the population of surface

states between the gate and drain contacts, changing the material’s |
carrier transport properties. '

Freiberger

Compound Materials
Freiberg, Germany:
Phone: +49 3731 2800
Fax: +49 3731 280 106
Dayton, OH, USA:
Phone: (937) 291 2899
Fax: (937) 291 2898
www.fcm-germany.com
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Show highlights processing
and commercial solutions

www.compoundsemiconductor.net

The state-of-the-art in compound semiconductor manufacturing will be discussed at the 2002
Compound Semiconductor Manufacturing Expo (CS-MAX), to be held on November 11-13, 2002 at
the McEnery Convention Center in San Jose, CA. Over 100 papers will be presented in 28 sessions.

Session M1A
I1I-V Integrated Circuits
2:00p.m. —3:20 p.m.

Manufacturable Microwave Power
FET Technology

Matthew O’Keefe

Filtronic Compound Semiconductor

Qualification of a Production
MHEMT Process for Low Noise and
High Frequency Applications

Philip Balas

Raytheon RF Components

Selective Double Recess
Technology On Metamorphic
HEMTs — Improving The On-State
Breakdown Behavior

Jan Gruenenpuett

United Monolithic Semiconductors

The Effects Of Au Concentration,
Temperature And Agitation On
The Cross Wafer Resistance
Uniformity Of Electroplated
Backside Vias In Thinned GaAs
David Hensley

Anadigics

Session Mi1B

lHI-V Optoelectronics
2:00p.m.—3:20 p.m.

High Performance, High Yield
VCSEL Process Technology

Hao-chung Kuo
LuxNet

Characterization of Au/Zn/Au and
Au/Ti/Pt/Au Contacts to p-type InP
Jia-Sheng Huang

Agere Systems
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Optimal Eutectic Bonding
Techniques for Enhanced Laser
Reliability

Edward Wills

Palomar Technologies

Optimization of a Planar
INP/InGaAs/InP Separate
Absorption and Multiplication
Avalanche Photodiode with Floating
Guard Rings and Zn Double
Diffused Junction

Wai K Yip

Silvaco International

Session M1C
LEDs |
2:00p.m. —3:20 p.m.

Challenges in Low Cost Flip Chip
Light Emitting Diodes for Solid State
Lighting

William So

AXT Optoelectronics

Angular Variation of Radiometric
and Photometric Parameters of LED
Die

Curt Dodds

Op-Test

Spectroradiometric LED
Characterization

Eric Bretschneider
Uniroyal Optoelectronics

Session MI2A

Silicon Heterostructures
3:40p.m. —5:00 p.m.

BiCMOS Integration of SiGe:C HBTs
Dieter Knoll

Communicant Semiconductor
lechnologies AG

Road Map for Strained Si
Technology
Mayank Bulsara

AmberWave Systems

SOIl: Market and Technology

Carlos Mazure
Soitec SA

Plasma Process Sequence for the
Manufacturing of 200 mm and

300 mm SiGe Virtual Substrates with
High Ge Concentrations

Hans Martin Bushbeck

Unaxis Semiconductors

Session M2B

Front End Processing for
Optoelectronics
3:40p.m.—35:00 p.m.

Dry-Etching in Optoelectronics
Device Fabrication Using
Chemically-Assisted lon Beam
Etching

Eckard Deichsel

University of Ulm

A Comparison of Production Plasma
Etch Chemistries for InP and
Related Materials

Andrew Goodyear

Oxford Instruments

Characterization of GaAs/AlGaAs
Non-Selective ICP Etch Process for
VCSEL Applications

Yao-Sheng Lee

Unaxis

Cryogenic Processing Thin Metal
Films in llI-V Microelectronics
Lili He

San Jose State University
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Session M2C
Characterization |
3:40p.m. —5-00p.m.

Composition Standards for llI-V
Epitaxial Films

Kris Beriness

NIST

A New Method For Defect Detection
And Classification On Compound
Semiconductor Epitaxial Layers
Steven W Meeks

Candela Instruments

Extraction of Low Mobility, Low
Conductivity Carriers from Field
Dependent Hall Data

Jefirey Lindemuth

Lakeshore Cryotronics

Estimating the Optical Thickness
Errors in Vertical-Cavity Surface-
Emitting Laser Structures from
Optical Reflection Spectra

Bum Joon Kim
PROWT Tech

Session T1A
HBTs
9-00a.m. — 1020 a.m.

InGaAs/InP Single-Heterojunction
Bipolar Transistor Fabrication
Process with High Uniformity and
High Yield for Multi-10 Gb/s Optical
Communication Applications
Masaki Yanagisawa

Sumitomo Electric Industries

High-Speed and Large Output
Voltage Swing InP-based DHBT
Driver IC

Chenghui Lin

Agere Systems

Metamorphic Buffer Comparisons
for M-HBT Grown by MBE

A M Fang

IOFE

Throughput Optimization of HBT lon
Implant Isolation Using Doubly
Charged Helium

Abdikarim Arrale

Skyworks Solutions
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Session T1B
Epitaxy |
9-00a.m. — 10:20 a.m.

Fully Automated Cassette-to-
Cassette Epiwafer Production
Philip Sullivan

Thermo VG Semicon

Commercial Production of Large
Diameter InP-HBT Epiwafers by
MBE

Dmaitn Lubyshev

IOE

Metal-Organic Vapor Phase Epitaxy
for the Mass Production of Novel
Semiconductor Devices

Bernd Schulte

Aixtron AG

Well-Controlled MOCVD Production
of DH-PHEMT Wafers

Chia-Shun Liu

Procomp Informatics

Session T1C
Back-End Processes
9-00a.m. — 10:20 a.m.

Plasma Etch Processes for Die
Separation

J P Almerico

Tegal

Speed of Scribe & Break vs. Saw or
Laser for Die Separation

John Tyler
Dynatex International

Reversible Bonding Process for
Thin Compound Semiconductor
Production

Chad Brubaker

EV Group

Free-Shape Cutting of Thin
Semiconductor Wafers
Natalia Dushkina

The Gem City Engineering Co

Session T2A

Front End Processes for
Microelectronics
10:40a.m. —12:00 p.m.

Automated Inspection for Monitoring

InGaP HBT Backside Via Process
Yaozu Wang
Anadigics

www.compoundsemiconductor.net

Metal Lift-off on InP HPTs Using
Carbon Dioxide Snow Spray

Andrea Via
Eco-Snow Systems

Plasma RIE Etching of Seed Layer
Materials
Mark Rousey-Seidel

Tegal

Etching of Thin, Damage Sensitive
Layers Using High Frequency
Pulsed Plasma

Russ Westerman

Unaxis

Session T2B
Wide Bandgap Materials |
10:40a.m. — 12:00 p.m.

Atmospheric Pressure MOCVD
Technology of GaN and Related
Compounds

Koh Matsumoto

Nippon Sanso

Chemical Kinetics in a Well-Mixed
Reactor for GaN MOVPE Growth
Zhi-qiang L1

Crosslight Software

An Integrated Solution Approach for
the Use of Ammonia in Growth of
GaN Based Semiconductors

Robert Torres

Matheson Tri-Gas

Photoluminescence
Characterisation of Wide Bandgap
Materials and Devices

Colm MacMahon

Accent Optical Technologies

Session T2C
Environmental Health & Safety
10:40a.m. — 12:00 p.m.

How to Characterize Hazards in
Emerging Technologies — the GaN
Epitaxy Example

Nicola Proust

Thales

New Technology for Removal of
Arsenic and Other Metals from
Waste Water

Joel Peterson

Motorola — SPS
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Diva’

DIVA Dynamic I(V) Analyzer

With Accent’s DIVA dynamic I(V) analyzer, big iIdeas really do come in small packages.

DIVA, a key tool for semiconductor device process development, manufacturing and circuit design, accurately and reliably
measures dispersion in high-speed and RF transistors, as well as 2-terminal devices such as lasers and photodiodes. Compact,
PC-driven, and easy to use, DIVA measures pulsed I(V) characteristics down to 100nsecs, acquiring the correct data needed

for circuit design. And because it swiftly detects defects and contamination, it boosts yield and reduces time to market.

Discover the power of DIVA. Find out how you can analyze pulsed I(V) characteristics with one, easy-to-use, purpose-designed
unit. Its size may be small, but with increased yield and shorter time to market, the cost savings are great. Call or log on today for

more information. US: 1-800-900-0955, UK: +44 (0) 20 8328 2290, sales@accentopto.com, or visit us at www.accentopto.com.

Accent Optical Technologies

Come and see us at CS-MAX at booth no. 201, 203
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EHS Efficiency Yields
Manufacturing Dividends
Eric Nielsen

Sumco USA

Safe Waste Gas Purification in
Compound Semiconductor
Manufacturing

Joe Guerin
CS Clean Systems AG

Session T3A
Fab Managementl

1:30p.m. —2:40 p.m.

Failure Mode and Effects Analysis
(FMEA): Reducing Product Time to
Market in Photonic Integrated
Circuits Manufacture

Bedwyr Humphreys

MetroPhotonics

Database Centered Manufacturing

Seppo Orsila
Modulight

Operational Cost Reduction in
Compound Semiconductor
Manufacturing

Paulos Giannoules
M+ W Zander

Session T3B
LEDs I
1:30p.m.—2:30 p.m.

LED Junction Temperature
Measurement & Its Applications
Kelvin Shih

Lawrence Technological University

Method of Making High-Power
LEDs

Kuang Neng Yang

United Epitaxy Company

Dicing of Nitride LED Wafers via
Laser Ablation
Bryan Shelton

Emcore

Session T3C
Gas Analytics |
[:30p.m.—2:30 p.m.

Trace Water Detection in
Semiconductor-grade Phosphine
Gas

Kris Bertness
NIST

32

Ammonia Purification Measurement
by FT-IR Spectroscopy

X1aosong Jiang

Aeronex

Performance of Palladium Diffusers
for Reliable Purification of Hydrogen

Hans Funke
Matheson Tri-Gas

Session T4A
Fab Management i
2:40p.m. —3:40 p.m.

A Case Study of the KMTI Model for
GaAs Fab Management

Roger Yin

Global Communication Technology

Consumable and Material Tracking
and Tracing Logistics Management
Dalia Vernikovsky

Eshinui

The Application of SEMI-style
Equipment Development and
Specification Processes to Com-
pound Semiconductor Equipment
Eric Friedman

Veeco-Applied Epi

Session T4B
Starting Materials |

2:40 p.m.—3:40 p.m.

Improvements in the Delivery of
Solid and Solution MOVPE
Precursors

Simon Rushworth

Epichem

GaAs Substrate Production: Opti-
mization for Cost and Device Type
Russell Kremer

Freiberger USA

Metalorganic Sources: Value as a
Combination of Precursor and
Packaging

Egbert Woelk

Shipley Metalorganics

Session T4C
Gas Analytics |i
2:40p.m. —3:40 p.m.

Hydrogen Purification Using
Nickel/Titanium Technology
Dan Alvarez, Jr

Aeronex

www.compoundsemiconductor.net

Monitoring Hydrogen Purifiers: An
Early Warning System for the
MOCVD Process

Fred Gornick

Power & Energy

Characterization And Control Of
Sulfur Impurities In Arsine

Rajiv Agarwal

Air Products and Chemicals

Session W1A
Epitaxy li
9:00a.m. — 10:20 a.m.

Compound Semiconductor Epi
Manufacturing in Taiwan
Michael Yang

yEEC

Managing Through Cycles: A Look
at the Future for MBE

Michael Levy

Riber

High Volume MOCVD Production of
INnGaP/GaAs HBT Wafers by Well-
Controlled Materials and Devices
Yong-Y1in Chen

Procomp Informatics

Low-Cost Volume Production of
High-Power Diode Lasers by MBE
Tom Bird

Veeco-Applied Epi

Session W1B

Front-End Processing for
Microelectronics

9:00a.m. —10:20 a.m.

Mix & Match Experiences Of E-Beam
Direct Writing with Photolithography

Ulf Weidenmueller
Leica Microsystems

Application of Si-Style Plasma Tools
for Compound Semiconductor
Processing

Andy Bavin

[rikon Technologies

Rapid and Controlled Processing of
GaAs Wafers Using 170 KHz
Ultrasonic Agitation

John Moore

General Chemical
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Optimization of a Low Stress ECR
Nitride Passivation Process for the
Control of Breakdown Voltage

Degeneration in GaAs Based
PHEMT Devices

Kathy O’Donnell

NEXX Systems

Session W1C
Optoelectronics li
9:00a.m. — 10:20 a.m.

Cost-Effective, Short Design Cycle
Approach to Monolithically

Integrated Photodiode Lenses
Susan Lindsay

JDS Uniphase

The Impact of GaAs Substrate
Quality on Laser Diode Lifetime
David Forbes

Alfalight

Growth and Characterization of
InAlAs Avalanche Photodiode
Structures in a Multi-Wafer

Production MOVPE Reactor
Joseph Boisvert
Spectrolab

Design and Simulation of Photonic
Semiconductor Devices

Zhengyu Huang

RSoft Design Group

Session W2A
Heterointegration
10:40a.m. — 12:00 p.m.

A Wafer-Scale Approach For Low
Cost Optical Communication

Component Integration
William Waters

Optogration

Compound Semiconductors on

Silicon using Smart-Cut Technology
Fabrice Letertre

Soitec SA

Development of 200 mm Ge
Substrates for Electronic and

Opto-electronic Applications
Bendix De Meulemeester
Umicore

Wafer-bonded InGaAs-on-Si

Avalanche Photodiode Devices
Steve Hummel

Nova Crystals

COMPOUND SEMICCNDUCTOR OCTOBER 2002

Session W2B
LEDs Il

10:40 a.m. —12:00 p.m.

Multiple Composite Inter-layers
Grown in Si-Doped Gallium Nitride
Layer for Crack Reduction and LED
Device Improvement

Chunhui1 Yan

AXT Optoelectronics

Ammonia And Hydrogen For Blue

LEDs, from Supply to Abatement
Joe Van Gompel

BOC Edwards

UV Laser Micro-Dicing on Ultra Hard
LED Wafers

Patrick Sercel
JPSA

Session W2C

Starting Materials li
10:40a.m.—12:00 p.m.

Correlation of TMA Purity with

AlAs/AlGaAs Layer Quality
Simon Rushworth
Epichem

6 inch Semi-insulating InP Single

Crystals Grown by Hot Wall LEC
Method

Takayuki Sato
Showa Denko KK

High Purity Trimethylindium and The

Properties of Epitaxial InP Grown by
MOVPE

Deo Shenai
Shipley Metalorganics

Session W3A
Characterization |l
1:30p.m.—2:50 p.m.

Ex-Situ Characterization of InGaAsP
Alexana Roshko
NIST

Raman Imaging of Local Structure in
Compound Semiconductors
David Tuschel

Chemicon

Improved Characterization Of
Diffusion in Ohmic Contacts Using
Backside SIMS

Patrick Van Lierde
Charles Evans & Associates
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Topographic Electrical
Characterization of Semi-Insulating

GaAs, InP and SiC Substrates
Wolfgang Jantz

Fraunhofer IAF

Session W3B

Wide Bandgap Materials i
1:30p.m.—2:50 p.m.

Large Area Production of
AlGaN/GaN FETs

Ronald Birkhahn
Emcore

Innovative Low COO Solution for

Safely Abating of GaN Exhaust
Vikrant Chidgopkar
BOC Edwards

FTIR Reflectance Metrology of GaN-
Based Films

Victor Yakovlev
MKS Instruments

Performance of a19 x 2 GaN-based
MOCVD System
A R Boyd

Thomas Swan Scientific Equipment

Session W3C
Front-End Processing
1:30p.m.—2:50 p.m.

Reactive lon Beam Etching of InP
Kurt Williams

Veeco Instruments

ICPECVD Low Temperature
Deposition of SiO,, SiO,N,, and
SIN, Films

Bernd Gruska

Sentech Instruments GmbH

Automated Rapid Thermal
Processing for the Compound
Semiconductor Industry

Hin Yiu Anthony Chung

Mattson Thermal Products

The Production, Measurement, and
Control of Ultra-thin Films
Michael Moskos

Temescal

For more

information see
WWW.CS-max.com
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EXHIBITION GUIDE

CS-MAX 2002 runs November 11-13, 2002 at the
McEnery Convention Center, San Jose, California
Exhibition hours: Tuesday, November 12 -9a.m. to 5 p.m.
Wednesday, November 13 -9a.m.to 4 p.m.

www.compoundsemiconductor.net
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Accent Optical Technologies 201,203
~www.accentopto.com
Accretech USA : 210
Aeronex a3 17
Air Products and Chemicals 301
AIXTRON AG e O
www.aixtron.com e
Akzo Nobel Polymer Chemlcals S 1
American Institute of Physics 509
American Xtal Technology @~ 408
APT/Telemark A AT e e
ASML Special Applications 102
ATMI | b s o
Axic Inc e S
Bede Scientific g ot s 701
BMR Teclmolomes Corp e A
BOC Edwards -~ 706, 708
Centrotherm Technologies 613
C()mp()um/ Semiconductor magazme 618
Corning Tropel Corp. =iy iy - 30503
CS Clean Systems e ol
CVD Equipment Corp R 214
EmcoreCorp e
Epichem, Inc 500
~www.epichem.com :
EV Group : _ 0 _ %
Evans _Anal_yt_l_c_al Group 615
Freiberger Compound | Materials 713
Gavish, Inc 120

~www.gavish.com
Hltachl Cable Amerlca _ 211

Hologenix, Inc 510
Implant Sciences Corp 506
Inficon 405
IPAG — Innovative Processing AG 414
IQE 700
JIPELEC 207
JMAR/SAL Nanolithography 116
www.nanolitho.com
Jobin Yvon and Horiba STEC 402
Johnson Matthey 712
Knowledge*On 411,413
Kopin Corp 512
[ehighton Electronics 400
[Loomis Industries 1315
Matheson Tri-Gas 407

www.matheson-trigas.com
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Mattson Technology 714
“www.mattson.com |
Maxwell Technologles § 106
MicroChem 412
Micro-Metric 611
Modular Process Technology 109
Nikko Materials USA e 612
Nippon Sanso Corp 306
OAI — Optical Associates 502
Ocean Optics v
Opto Systems Company 212
ObENMIEED B 206
Oxford Instruments 705
Philips Analytical 514
Praxair Semiconductor Materials 717
www.praxair.com
Riber 515
SAES Pure Gas 208
www.puregastechnologies.com
SAMCO International 609
SESHA 710
Semicore Equipment - 607
Shipley Metalorganics 315
www.shipley.com
Showa Denko America 209
SITE Services Inc 12
Solid State Equipment Corp 709
Spectrolab 504
Sumitomo Electric USA 513
Surface Technology Systems 107
Suss MicroTec 104
Techarmonic 508
Tegal Corp 614
Temescal 507
Tepla America 308
Thermo VG Semicon 213295
Thomas Swan 113
Scientific Equipment
Trikon Technologies 401,403
www.trikon.com
Trion Technology 314
Umicore Electro-Optical Materials 600
Unaxis 303
www.unaxis.com
Veeco-Applied EPI 606, 608
Waveguide Solutions 310
Williams Advanced Materials 707
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MoOBILE HANDSETS

Cameras and color displays
promise an end-of-year boost

www.compoundsemiconductor.net

Handset manufacturers are hoping that a host of new models featuring cameras, color screens ana
multimedia messaging capabilities will result in strong shipment numbers towards the end of 2002.
But if they’re wrong, it may spell a new disaster for the supply chain, writes Tim Whitaker.

obile handset sales could be 1n for
a major boost as the holiday season
approaches, as manufacturers start
to introduce models with attractive features
such as full-color screens, built-in cameras
and multimedia messaging service (MMS)
capabilities. Now that the industry’s supply
chain has stabilized, these increased sales fig-
ures should boost the demand for components
such as GaAs switches and power amplifier
modules and high-brightness blue and white
LEDs. At present, full-color screens 1n hand-
sets are liquid-crystal displays (LCDs) with
white LED backlights, although organic LED
displays are expected to supersede LCDs 1n
the next few years.

Recent figures from Gartner Dataquest
show that worldwide mobile phone sales
totaled 98.7 million units in the second quar-
ter of 2002. This represents a 5% increase on
the 93.7 million units sold in the first quarter
of the year. Most significantly, Gartner cur-
rently estimates that total handset sales will
reach a record-breaking 420 million units in
2002, compared with 399.6 million in 2001
and 413 million 1n 2000.

As shown 1n the graph on page 38, these fig-
ures indicate that handset shipments will grow
by around 18% from 192.4 million in the first
half of 2002 to 227.6 million in the second —
a healthy rate by anyone’s standards. Most of
this growth will come in the fourth quarter as
shoppers gear up for the holiday season.
However, as shown 1n the table, other sources
have quoted lower numbers.

Overall, Gartner says that expectations
remain high for strong fourth-quarter sales
worldwide, driven in part by the introduction
of numerous new, low-cost terminals from
leading manutacturers. The outlook is partic-
ularly bright in Western Europe. “The frenzy
of marketing activity around new services
such as picture and photo messaging by
mobile network operators in Western Europe

36

NOKIA

Nokia’s new 7650 features a built-in camera
with VGA resolution of 640 x 480 pixels,
together with a 35 x 41 mm color display.

1s likely to fuel replacement demand for color
mobile phones in the second half of 2002.”
said Ben Wood, senior analyst for Gartner
Dataquest in Europe.

New technologies and services

The replacement market is set to drive growth
towards the end 0f 2002. Mobile phone man-
ufacturers are preparing to introduce a whole
range of new products to embrace color dis-
plays and other data-enabling technologies.
Meanwhile carriers are increasingly focused
on commercializing new applications and ser-
vices such as MMS. These are expected to
boost operator revenue across a mature sub-
scriber base, while acting as a catalyst for
replacement sales. Such 2.5G products are fill-

ing the gap left by the delay in the introduc-
tion of 3G services.

With more than a billion handsets in use
throughout the world, the prospects for a vVery
strong market for replacement models are
excellent —provided that consumers want the
new features on offer. This seems to be the

case in Nokia’s home country Finland, where
June shipments increased 32% year-on-year
to 111,000 units, driven by replacement sales
as newer models reached retail channels.

“The replacement market 1s very important,
especially in the saturated markets in Westemn
Europe, said Carolina Milanesi, an analyst
at Gartner Dataquest in Europe. “In the sec-
ond half of this year we expect that new prod-
uct introductions will encourage buyers to
exchange their boring old phones for more
exciting handsets with new features.”

These include technologies such as full-
color displays, built-in cameras and poly-
phonic ring tones, as well as services such as
multimedia messaging. “MMS is now being
introduced in Western Europe, although it
won’t really take off until next year, said
Milanesi. “Essentially, MMS is the evolution
of text messaging, allowing the user to send
messages with pictures and sound attached.”

One of the new generation of handsets 18
Nokia’s 7650. which features an integrated
digital camera, MMS, a color display and
GPRS (see picture). Similarly, Sony Ericsson
is about to launch its T300, an inexpensive
color-screen phone capable of playing and
downloading high-speed games, which also
incorporates MMS and many other multi-
media features. If this phone and other new
handsets are successful, Sony Ericsson plans
to push for the number-one spot in the market
for multimedia phones.

At present, Nokia continues to dominate
worldwide mobile phone sales. During the sec-
ond quarter of 2002, Gartner estimates that
Nokia sold just over 35 million handsets (2
35.6% market share), thanks to the continued
competitiveness of its entry-level GSM port-
folio. Motorola had 15.7%, while the manu-
facturer’s top five was completed by Samsung
(9.5%), Siemens (8.4%) and Sony Ericsson
(5.4%). Samsung increased its sales by 46.4%
compared with the second quarter of 2001.

COMPOUND SEMICONDUCTOR OCTOBER 2002
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Handset figures from different sources

Gartner Dataquest Strategy Analytics Nokia
Q2 2002 sales ($m) 98.7 06.7 93.0
2002 sales ($ m) 420.0 ZANTD 40007
2001 sales ($m) 399.6 393.0 ~ 380.0 2
Nokia’s market share (%) 39.0 SRR R - ) E

Big in Japan
Milanesi estimates that only about 5% of new
phones in Europe and North America currently
have full-color displays. The situation is very
different in Japan, where full-color displays
are found in almost all new phones (see p19).
Furthermore, handsets with cameras accoun-
ted for around 30% of total unit shipments in
the second quarter in Japan, and the penetra-
tion rate of this application is expected to
continue to increase. In June, monthly hand-
set shipments in Japan reportedly exceeded
4 million units for the first time in nine months.

Japanese mobile network operator J-Phone
1S to offer two new phones with Movie Sha-
mail, a service that enables users to send video
clips of up to five seconds with sound as email

attachments. The J-SH52 handset, manu-
factured by Sharp, can take pictures at VGA
resolution (640 x 480 pixels) with 1ts 310,000-
pixel built-in CCD camera. Also, NTT
DoCoMo plans to release a new handset with
a built-in 0.17 megapixel digital camera and
the ability to store 1670 images.

Sell-in and sell-through
Further optimism for the mobile phone mar-
ket comes from the sell-in numbers. Gartner
estimates that sell-in shipments reached
97.5 million units in the second quarter of
2002, up 8.2% from the same period last year.
Sell-in refers to shipments from the hand-
set manufacturers to various distributors and
other sales channels. The main numbers

COVER STORY
‘MoBILE HANDSETS

quoted by Gartner (98.7 million units in the
second quarter of 2002) are sell-through num-
bers, which refer to sales to the consumer.
Obviously, the sell-in number is of most rel-
evance to component suppliers such as mak-
ers of GaAs ICs and nitride LEDs.

However, 1f the sell-in and sell-through
numbers are far apart, this indicates a build-
up of inventory, which caused problems last
year. ““At the end 0of 2000, we had high sell-in
figures,  explained Milanesi. “However, due
to the poor economy and a lack of interest-
ing new phones, there was a low sell-through
in 2001, and handset inventories built up in
the sales channel.” These factors combined to
cause the drop 1n shipments of both handsets
and components. However, Gartner’s figures
for the second quarter of 2002, which show
a small discrepancy between sell-in and sell-
through numbers, are evidence that the rela-
tionship between global supply and demand
1s being well managed in 2002.

“We are definitely seeing improvement in
channel stocks and how these are being han-
dled, " said Milanesi. “Distributors need to keep
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and now featuring

Contact us:

PROCESS CONTROL for HIGHER YIELDS

» Carrier Concentration vs. Depth

NON-DESTRUCTIVE 2DEG MOBILITY

p: 610.377.5990 f-610.377.6820 e: lei@ptdprolog.net

www.lehighton.com

<€ Our new 1510RP design for non-contact measurement of 2-8” wafers
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MOBILE HANDSETS

stocks low to be ready to take new phonesas gIE G SR R 1 40 ] P4 lowed by a sequential decline in early 2003.

they appear during the second half of the year.” However, year-on-year figures should show

At the component level, GaAs IC makers 250 steady single-digit growth.
such as REFMD are confident that the surge in “We are not going to see the huge and sus-
handset sales will boost their own figures in the '.;i_i s tained growth that happened 1n 1999 and
short term. RFMD, which had record revenues =i 2000, added Milanesi. “However. we don’t
of $103.9 m 1n the June 2002 quarter, expects =2 expect to see a big drop at the start of next year
a further 5-10% increase during the Septem- i} “E‘ 100 like the one in 2001."
ber quarter. In August, REMD shrugged off g %; - A lot 1s riding on the success of the new
rumors that it was losing business to 1ts compet- é phones. At the end of August, Ericsson’s chiet
itors or seeing order delays trom Nokia, which E 0 - -- executive, Kurt Hellstroem, warned that his
accounts for about half of RFMD’s shipments. & oliin] cp i company would not continue to pour money

Another factor that could boost the market The handset market is expected to show Into the Sony Ericsson joint venture unless its
1s that operators may seek to increase theirsub-  18% growth in the second half of 2002, due  performance improves and consumers accept
scriber bases by offering low-priced prepaid to demand for replacement phones with its new products. Investors in Nokia are likely
packages at the end of the year, driven by some  attractive features such as color screens, to react badly 1f the company 1s forced to 1ssue
manufacturers’ extremely aggressive pricing cameras and multimedia messaging. another downgrade for its 2002 handset esti-
of entry-level phones. Operators are also sub- mates (at the start of the year, Nokia forecast

sidizing phones that provide revenue-generat-  ferently; Asia-Pacific i1s booming, Western  global handset sales of 420440 million dur-
ing services, such as MMS and GPRS handsets.  Europe 1s highly saturated and looking ing 2002; that was then reduced in stages to

towards a strong replacement market, while 400 million). Clearly, if the manufacturers fail
Seasonal variation areas like Central America are not living up  to sell enough handsets towards the end of this
Although the handset market 1s definitely  to their great potential because of the general  year, inventory problems will return to the
showing signs of stability, the 18% growth  economic situation. Overall, growth is ex-  supply chain, which could spell bad news for
figure for the second half of 2002 1s not sus-  pected to be cyclical, witha peak atthe end of  the component vendors just when some opti-
tainable. Different regions are behaving dif- 2002 coinciding with the holiday season, fol-  mism is starting to return. &
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No One Understands

The World Of
GaAs Technology
Better Than M/A-COM.

M/A-COM IlI-V Materials Group is the world's
X . UG L SR Most experienced supplier of semi-insulating
RS ETETERT R T T — D el & oy ¢ SRR\ TE  GaAs substrates. M/A-COM has been serving
| ¥ ¥\ | sthe substrate needs of the GaAs industry
since 1979, and is very familiar with the
technical requirements of our
customers. M/A-COM's focus
is on semi-insulating GaAs,
with years of experience
supplying GaAs for ion
implantation and epitaxy.

M/A-COM manufactures high
purity SI-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 1SO 9001, so they deliver
consistent performance.
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GaN growers model their way

to higher quality materials

Computer modeling of fluid dynamics has brought great benefits to those designing semiconductor
equipment and processes. Jon Newey looks at an example of how modeling is being applied to
the understanding of what happens during GaN epitaxy and how this relates to material quality.

nderstanding the flow patterns ot

gases and liquids 1s of vital impor-

tance to activities as diverse as wea-
ther forecasting or designing aircraft. Any
process that involves the flow of gases or
liquids 1s generally extremely complicated.
Minor perturbations at one point in a fluid
system can yield huge changes elsewhere.
Semiconductor manufacturing relies on a
whole range of gases and liquids at almost
every process step, and while for some of
these processes detailed knowledge of what
1S happening to the fluids is of little impor-
tance, 1n others 1t 1s vital.

One process where this knowledge can
yield great benefits is MOCVD. How will a
new reactor design affect the way the pre-
cursors and carrier gases flow in the growth
chamber? What are the best growth parame-
ters to start with when developing a new epi-
taxial structure? These are difficult questions
to answer, but equipment manufacturers and
growers are making increasing use of com-
puter modeling to gain some insights.

The use of such computational techniques
has been helped in no small way by the advent
of powerful number-crunching desktop com-
puters. Computational fluid dynamics (CFD)
1s no longer synonymous only with custom-
written software and room-sized supercom-
puters. Today’s top of the range personal
computers are sufficiently powerful to model
the internal workings of an MOCVD reactor
and modeling software 1s commercially avail-
able, bringing CFD to a wider audience.

Saving time and money

The use of modeling techniques helps to re-
duce development time and cost by removing
some of the guess work and getting as near
as possible to the right answer first time.
“At the present level [of reactor design and
complexity] it is impossible to design new
systems without modeling. The trial and
error approach is too expensive, said Alex

COMPOUND SEMICONDUCTOR OCTOBER 2002

The Asian Office of Aerospace Research and Development

The Asian Office of
Aerospace Research and
Development (AOARD) was
established by the US Air
Force Office of Scientific
Research (AFOSR) as one
of two foreign satellite
offices. The other is the
European Office of
Aerospace Research and
Development (EOARD)
based in London. Located
in Tokyo to work closely
with the Asian science and
technology community,
AOARD manages the

US Air Force basic
research investment in
Asia and the Pacific Rim.
Like its counterpart in
London, AOARD is
collocated with equivalent
organizations representing
the Office of Naval
Research and the Army
Research Office.

The remit of the foreign
satellite offices is to support
the R&D efforts of the US
armed forces and other
governmental agencies by
facilitating technical
iINnteractions and providing
laison between US
scientists and engineers
and their counterparts in
Asia and the Pacific Rim.
AOARD does this in several
ways. Program managers
identify prominent scientists
and cutting-edge
technology by visiting
research institutes and
attending technical
meetings. Secondly, a
program called Window on
Science funds visits of
prominent researchers to
enhance Air Force
programs and encourage
research collaborations. A
third way is through a

conference support
program that provides
financial backing to
WOorkshops and symposia
that convene in Asia and the
Pacific Rim on topics of
INnterest to the Air Force
research community.

Finally, AOARD accepts
research proposals on
pehalf of AFOSR in five
categories. One of these is
Physics and Electronics,
through which the GaN
growth modeling work at
Tokyo University of Science
'S funded. Across the five
areas, AOARD funds 20-30
new contracts each year.
AOARD publishes a
quarterly newsletter to
iInform the research
community of its activities in
Asia and the Pacific Rim
(see www.nmijc.org/aoard/
Asia_Sci_Ltr_Dir.html).

subflow

SRR o

TMG Ly e
> susceptor :
NH3 T . * * * *

Fig. 1. A cross-sectional view of the three-
flow MOCVD reactor configuration.

Gurary, head of the MOCVD reactor devel-
opment group at Emcore.

[f an accurate model for a particular reac-
tor configuration can be made, then for a given

set of process conditions, such as temperature
and pressure, 1t becomes possible to model the
fluid dynamics of the system. This will indi-
cate if laminar flow over the substrate 1s main-
tained or 1f undesirable effects such as gas
recirculation are more likely.

The accuracy of the output from a computer
modeling exercise depends on the quality of
information input into the model. Under-
standing the chemistry of the system 1s par-
ticularly important in MOCVD, where the
reactions between different metalorganic
chemicals and the reaction by-products affect
the fluid dynamics and therefore the epitax-
1al quality. For established compound semi-
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conductors such as GaAs the chemistry is
well understood, allowing the modeling of
processes with considerable accuracy.

“For GaAs we can predict parameters like
growth rate and uniformity [for a given set of
reactor conditions] and use them for process
development,” said Gurary. “For other mat-
erials the chemistry is less well understood.
This is particularly true for GaN, where dif-
ferent adducts are formed in the reaction stage
that can change the situation dramatically,
especially for AlIGaN and InGaN. At present
everyone 1s at the stage of trying to understand
the chemistry of GaN and its alloys and learn-
ing how to model the process.”

Modeling to avoid turbulence

Kazuhiro Ohkawa and colleagues at the
Tokyo University of Science are one of the
groups of researchers involved in this learn-
ing process. Ohkawa’s group has received
funding through the Asian Office of Aerospace
Research and Development (see AOARD box,

page 39) to model the MOCVD growth of
GaN. Ohkawa’s recent work provides a good
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Fig. 2. CFD simulations of the gas flows
for the one-flow (a), two-flow (b) and
three-flow (c) reactor inlet configurations.

www.compoundsemiconductur.nat

example of what can be done using computer
simulations. The group is using a commer-
cially available CFD code to look in three
dimensions at a Nippon Sanso reactor
during GaN growth under different reactor
configurations and growth conditions. The
group 1s able to correlate the modeled con-
ditions in the reactor with the actual prop-
erties of GaN grown on sapphire when the
conditions used in the model are applied to
real growth situations.

The reactor 1s designed to give three POS-
sible gas-tlow configurations (figure 1). In
the one-flow setup, all of the gases, trimethy]
gallium (TMG), ammonia and hydrogen, are
fed in at 7° to the horizontal plane of the
susceptor, with no gas flow from the subflow
nozzle. In the two-flow configuration, the
TMG and ammonia are fed in horizontally,
while the reactor subflow carries hydrogen or
nitrogen in vertically to suppress thermal con-
vection from the hot susceptor. In the three-
flow method, the horizontal main feed is
split into two channels that feed the TMG
and ammonia into the chamber separately.

How About UV-LED?
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We have started to provide
370nm GaN wafers and
chips for LED.
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» Deodorant:With photo-catalyst
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Please ask
nitride@nitride.co.jp
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Plasma etch and deposition

processes for a wide range

of compound semiconductor

| materials - customized to

| ‘ optimize profile, yield,
throughput and device

Fig. 3. MOVPE simulations for the two-flow Fig. 4. MOVPE simulations for the three-flow

growth of GaN with a mobility of 360cm?®/Vs.  growth of GaN with a mobility of 230 cm?/Vs. ‘ performance
The initial ammonia/TMG ratio is 5800. The initial ammonia/TMG ratio is 5000. e Experienced in a variety of compound
q ‘ | | \ semiconductor materials & systems
The group performed growth under various Introducing the subflow suppresses the |
conditions of temperature and V/Ill ratio. The  thermal convection (figure 2b) producing ! e Well developed processes for the
reactor pressure was kept to 100 kPa and smoother gas-flow patterns in the CFD | manufacture of via holes, lasers
growth time was one hour for all experiments. simulations for the two- and three-flow | (including VCSELs),LEDs, lenses,
GaN was deposited directly onto 2inch methods. The simulation in figure 2¢ reveals waveguides, and photonic devices
sapphire wafers without substrate rotation. that some recirculation 1s occurring in the
Growing without a low-temperature buffer  three-flow configuration. Precise gas control | * Excellent sidewall angle controt
layer removes the buffer layer’s influence on  1s needed to maintain laminar flow over ‘ ,
the quality of the GaN subsequently depos- the substrate, and the operating window for * Hligh throughput PrOCESSES for
ited, enabling a direct correlation between  this flow condition under three-flow growth ‘ through-water etching.
the growth conditions, the modeled gas flows, 1s very narrow. e Accurate process control for gate
the layer quality of GaN and its electrical etching
properties. As aresult, all the GaN layershad CFD and real material |
the hexagonal pyramid morphology charac- Hall mobility measurements showed that | e Smooth etched sidewalls for COﬁ‘lp|BX
teristic of GaN grown onto sapphire without the GaN which was grown using a two-flow | epitaxial structures
a buffer layer. setup has a higher carrier mobility of up
Figure 2 shows the output froma CFD sim-  to 360 cm?/Vs, compared with 230 cm®/Vs | ¢ Robust, reliable, production-proven
ulation for the gas flows in the three configu-  for three-flow growth. Layer thicknesses | equipment platforms
rations described above. For the one-flow were 4.6 and 8.4 um for two- and three- For further detalls regarding STS'compoind
case, a region of turbulence is seen above flow growth, respectively. i semiconductor etch or PECVD processes
the susceptor. This is as a result of the gases Figure 3 shows the simulations for the lease visit our wahaite ik |
becoming hot due to thermal convection from  growth of the material with a mobility of |
the heated susceptor. The gases decompose 360 cm®/Vs. Figure 3a shows the modeled | WWW'StSyStemS'Com

and react in the space above and not onthe gas flow and temperature, while figures
substrate surface. These reacting gases canbe  3b and 3¢ show the NH, and monomethyl
directly observed as smoke in the reactor. The  gallium (MMG) concentrations, respectively. |
growth rate in this case is very low at only NH, and MMG are molecules that are for-
about 1 uym/h and the resulting layers take the  med by the decomposition of ammonia and
form of GaN islands. TMG, respectively. The NH,/MMG ratio 1s

 SURFACE TECHNOLOGY SYSTEMS

Surface Technology Systems pic
Imperial Park, Newport NP10 8UJ. UK
Tel:+44(0)1633 652400 Fax: +44(0)1633 652405
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shown 1n figure 3d. Figure 4 shows the same
set of modeled parameters for the three-
flow growth of the GaN showing a mobility
of 230 cm?®/Vs.

Figures 3a and 4a show arrows represent-
Ing gas velocity vectors, with the arrow color
corresponding to temperature. The main gas
flow 1s spread over the susceptor by the sub-
flow. Gas can be seen rising at the susceptor’s
edge as aresult of convection.

The V/III ratio 1s generally defined as
the ratio of source materials (ammonia and
TMG tor GaN) used in compound semi-
conductor growth. However, Ohkawa’s sim-
ulations use the decomposed species ratio
(NH,/MMG) as this has more influence on
growth at the microscopic scale. The NH, con-
centration has a dense and wide distribution
in the two-flow regime compared with the
three-flow case. In the three-flow case the
lower ammonia flow is being influenced by
the upper TMG tlow.

The MMG concentration distributions for
both flow types follow a similar pattern to
their respective NH, distributions. However,

The use of modeling
techniques helps to
reduce development
time and cost by
removing some of
the guess work.

for the three-flow condition the MMG mol-
ecules show a peak in their distribution further
across the susceptor than the NH,. This affects
the distribution of the V/III ratios seen 1n fig-
ures 3d and 4d. For the two-flow case, most
of the susceptor area has a value of 30005000
for the decomposed V/III ratio. The three-tlow
simulation shows an abrupt change haltway
across the susceptor.

The differences 1n the parameters mod-
eled for the different configurations show
correlation to the physical and electrical
properties of the grown material. Materia
characterization has shown that as well as
superior carrier mobility, the two-flow GaN
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layers also show better cross-wafer unifor-
mity of layer thickness and material quality.
The modeled data combined with the re-
sults of material assessment highlights the
need for the overlapping and uniform dis-
tribution of precursors and decomposed
species during epitaxy.

Modeling for better material

Ohkawa’s work shows the benefits that mod-
eling can bring, even for the growth of rela-
tively immature material systems such as GaN
and 1ts alloys. GaN-based structures are par-
ticularly difficult to grow and have required
the development of MOCVD reactors specif-
ically designed for GaN growth. Modeling
has played an important role in the emergence
of these systems. The realization of GaN’s
full potential as a material for optoelectronic

and high-power electronic devices faces some

big material-related challenges. As the com-
plex reaction chemistry of the precursors
for GaN and its alloys becomes better under-
stood, modeling will play an important part
in meeting those challenges. »
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Removing the GaAs via hole
etch process bottleneck

www.compoundsemiconductor.net

Increasing the speed of GaAs backside via etching is the current mission for manufacturers of
dry etch tools. Young Cho and Jim Thomas of equipment manufacturer Tegal explore the new
problems that high etching speeds bring, and suggest strategies for how they can be solved.

source power (W)

1200
1150
1100

W)

< 1060
1000
950

source power

900 ¢
850

pressure (mlorr)

Fig. 1. Increasing the pressure boosts the etch rate in pm/min
much more effectively than increasing the source power.

aAs backside via etching is one of the
most critical processes in the manu-
facture of GaAs MMICS. Contacts
through via holes provide low inductance
grounds that are critical to the performance of
FETs and MMICs (Williams). Since the pro-
cess was initially developed, much eftort has
been invested in increasing the etch rate and
therefore reducing both the process time and

the manufacturing costs.

GaAs backside via etching has a reputation
as a bottleneck process in MMIC manutac-
turing. The drive to eliminate this bottleneck
has stimulated great competition between dry-
etch equipment manufacturers to increase the
etch rates of their tools.

However, the strong demand for a high-rate
backside via etch has not yet been fully
satisfied in the GaAs device industry. GaAs
provides a number of performance advan-
tages for high-speed devices, but the com-

plicated material properties of compound
semiconductors require comprehensive work
on process development.

At Tegal we have carried out a project to
develop a high-rate GaAs via etch, exploring
how process parameters such as chamber
pressure and wafer temperature affect the

COMPOUND SEMICONDUCTOR OCTOBER 2002

800

20 26 27

28 29 30 31 32 33 34 30
pressure (mTorr)

Fig. 2. The chamber pressure exerts a strong influence on etch
selectivity. As pressure rises the GaAs etch rate increases.

Fig. 3. Etch defects observed at backside via holes. Fig. 3a shows an etch stop caused
by polymer deposition, while fig. 3b shows pillar formation occurring in the via holes.

etch rate and the factors that need to be con-
sidered in order to ensure defect-free vias.

A new process window

The etching experiments described below
were carried out on 4 inch GaAs wafers using
Tegal’s HRe (high-density reflected electron)
plasma-etch tool. The plasma-etch process
involves introducing a gas containing an ele-
ment. in this case chlorine, that is reactive with
the material to be etched. A plasma 1s struck
in the C1 gas mixture, forming charged Cl rad-
icals that are accelerated towards the substrate

by the application of a DC bias. These radi-
cals react with the GaAs, forming volatile
gaseous AsCl; and GaCl; species which are
pumped away. Using a DC bias means that the
etchant radicals are accelerated vertically
down onto the substrate, so features with high
aspect ratios such as via holes can be etched.

Maintaining the plasma density and uni-
formity at high pressure is very important for
achieving a high etch rate. A high pressure
means that there 1s an abundance of the reac-
tive species available. Energetic free electrons
within the plasma impact with the heavier Cl-
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GaAs MANUFACTURING

www.compoundsemiconductor.net

= 0050
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" Fig. 4. Optical surface profiles (area 26 x 28 ym) of wafers etched at (left) 0 °C, Ra=504.8 nm
i and (right) -20 °C, Ra=403.6 nm. Etching at a low temperature reduces surface roughness.

'! Fig. 5. A defect-free 150 um deep via hole
'| that has been etched at 10 pm/min.

The effects of wafer
temperature have also
been investigated in
' Tegal’s development
laboratory and found to

 have a major impact on
pillar formation.
|

containing molecules, breaking the chemical
bonds and thereby releasing charged Cl rad-
icals for etching.

[t1s well known that conventional reactive
1on etch and inductively coupled plasma tools
have difficulty sustaining a high-density
plasma at chamber pressures over 20 mTorr,
because the mean free path of electrons

- reduces as the pressure rises. In the HRe, per-

manent magnets at the top of the chamber and
at its sidewalls reflect free electrons back into
the plasma, making it possible to maintain a
high plasma density at high chamber pressure.
This provides a new window of process par-
ameters to explore.

For the development of a high etch rate
process in the HRe, a 13.56 MHz generator
was used for plasma generation, and 450 kHz

44

was chosen as the bias power frequency. The
GaAs wafers were coated with an AZ4620
photoresist etch mask and patterned with
50 um diameter holes more than 100 um apart.
RS/1 data management and analysis software
from BBN Corporation was used for design-
ing the experiment and analyzing the results.

Performance under pressure

Figure 1 shows the GaAs etch rate as a func-
tion of the source power and chamber pres-
sure. The results show that pressure has a
much stronger influence on GaAs etch rate

than the source power. The etch rate also

shows a linear increase with increasing pres-
sure. This implies that the GaAs etch rate 1s
limited by the amount of chlorine radicals pre-
sent. Therefore the key to achieving a high
etch rate 1s to provide sutficient reactant at a

high chamber pressure. The highest etch rate
achieved was more than 10 um/min at a cham-
ber pressure of 35 mTorr.

Figure 2 shows the etch selectivity to pho-
toresist for the same process parameters as
figure 1. A maximum selectivity ot 27:1 was
achieved at the highest chamber pressure. The
etch rate of the photoresist 1s dominated by
the DC bias and the energy of the etchant 10ns.
The etch rate for GaAs is largely chemically
dependent so 1t increases at higher pressures.

| T—
b

The photoresist etch rate therefore remains
more stable than that of GaAs as the pressure
rises, improving the etch selectivity.

Etch stop and pillar formation

Within the process window for obtaining high
etch rates, the elimination of defects such as
pillar formation and the possibility of etch stop
caused by polymer build-up become the crit-
ical issues. Many laboratories have already

investigated the relationship between pillar
formation and the wafer condition or the
process parameters (Kiriakidis ef al., Nam

et al.). Polymers of various types are formed
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Veeco’s process equipment and metrology
for advanced photomask applications.
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Dimension AFM phase
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for unsurpassed results.
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of low defect density ion beam deposition (NEXUS™ LDD-IBD)
for single- and multi-layer EAPSM and EUV mask production,
and the sub-nanometer resolution ot the Dimension X3D ™
Atomic Force Microscope (AFM) for measurement and detect
review. Together, these technologies create an unbeatable team

for producing advanced photomasks—tor generations to come.
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during etching as a result of reactions between
the chlorine-based etchant, gallium and the
photoresist mask. The amount of polymer
generated rises with etch rate, and excessive
polymer generation can slow and eventually
stop etching. Etch stop can be avoided by con-
trolling the wafer temperature and optimiz-
ing the bias power. Heavy polymer deposition
and pillar detects in GaAs via holes are shown
in figures 3a and 3b.

Pillar formation 1s a well known phenom-
enon, but 1t 1s not fully understood and it 1s a
difficult problem to solve. Carbon-rich im-
purities on the wafer surface or within the epi-
taxial layer can cause pillars to form, although

improving the pre-etch wafter-processing
steps makes 1t less likely. The incorrect com-
bination of etch-process variables such as
chamber pressure and DC bias can also result
in pillar formation.

The eftects of water temperature have also
been investigated in Tegal’s development lab-
oratory and found to have a major impact on
pillar formation. Figures 5a and 5b show the

results of optical surface-profiler scans on two
GaAs samples at difterent temperatures. The
temperatures of the samples 1n 5a and 5b are
0 and —20 °C respectively. The average sur-
face roughness (Ra) i1s 504.8 nm for 5a and
403.6 nm for 5b.

The difference 1in Ra at the two temperatures
stems from the different melting temperatures
of the two major reaction products formed
during etching. The melting point of GaCl,
(77.9 °C) 1s much higher than that of AsCl;
(—16 °C). As the temperature rises towards
717.9 °C, the liquid AsCl; becomes increas-
ingly volatile while the solid GaCl; remains
more stable. The disparity in the materials’

volatility causes roughening of the surface
during etching, which can eventually induce
the pillar-shaped defects.

Therefore the surface roughness can be
minimized by reducing the difference 1n
volatility between the by-products of the etch-
Ing reaction. This can be achieved by etching

at a low temperature or by changing the
process in some way to improve the removal
of GaCl;. Experiments have shown that as the
water temperature decreases, pillar formation

1S eventually eliminated near —20 °C.

Beyond 10 um/min

The pressure of the process chamber has
turned out to be the most important process
parameter for achieving high GaAs etch rates,
with the etch rate showing a very proportional
Increase with chamber pressure. As the GaAs
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reactor, which is used for via etching.

etch rate increases, defect control becomes
critical. A large amount of polymer byprod-
ucts can induce etch-stop problems and the
high etch rate makes pillar formation more
1kely. The optimized GaAs etch results are
shown 1n figure 5. An etch rate of more than
|0 pm/min can be achieved without etch stop

GaAs MANUFACTURING

or pillar formation. The test results also
revealed the possibility of increasing GaAs
backside via etch rates beyond 10 pm/min.
Device pattern sizes are constantly reduc-
iIng and even higher GaAs etch rates for
smaller vias will be required in the future.
This will ensure that the competition between
dry-etch tool vendors for the higher GaAs
etch rate process will continue as long as
backside processes are necessary in MMIC
manufacturing. GaAs etch rates have 1m-
proved very rapidly and 20 pm/min can be
expected 1n the near future. @

Further reading

G Kiniakidis et al. 1986 NATO ASI Series E
112 297.

P Nam ef al. 2000 J. Vac. Sci. Tech. B

18(6) 2780.

R Williams 1990 Modern GaAs Processing
Methods 324.

Young Cho (ykcho@tegal.com) is the project
leader of the R&D group and Jim Thomas
(thomas@tegal.com) is the manager of the

Engineering group at Tegal, Petaluma, CA.

HIGH PERFORMANCE « LOW COST

1CP

S I g 5 O O Etch/Deposition

A Applications for Si and III-V Compounds Micro-optics and MEMS
A Substrate Temperature Control for Etch -150 to +80°C
A Si3 N4 Deposition at Temperatures <100°C ¢

A Cassette to Cassette - Cluster Tool Option

A Excellent Homogeneity
A High Aspect Ratios

A High Rate/Low Damage Etching

A End Point Detection

A Through the Wall Installation
TYPICAL PROCESSES INCLUDE:

 GAAS and INP Etch
e Sub Micron Etching
e Failure Analysis * MEMS

w s

e Low Temperture Thin Film Deposition

493 Gianni Street, Santa Clara, CA 95054

1.800.4.PLASMA

Manufactured by SENTECH
Ph: 408.980.0240 * Fax: 408.980.0524 « www. axic.com * frank @axic.com

PLASMA « X-RAY o RTP & LASER THIN FILM EQUIPMENT

47



LY L
...:.u...

LT

L

World

s W o .
(eb) = | .
- me i B .
: 1535 HO
23 F:
= me . s=2ac 8 5
. © “e m.ﬂ;ﬂm.m% .mm = .
€ > §SE8E wo o .
2 £giziS: {8 QO
& o 22 2537 W8 s 15 N
(C Q. v E B = T 52 5 s
=58 2% sce+2 e W € §
."Es Sm Mmamm M.M o w g 5
— (eb) L S 0o D% © Logeod 0 - & %
= - & g E" = Qo £ ST & LIO
a ©Q &8 £E£587 s 8 8 .
s k8 > S8 r Cn 7)) S »n
ZBP Vlg ..sma.nb s 8 :
=35 % 2E8ss" 4m o = 2 % I
'~ = me memL - > 5 3
: et = 2 hﬂagam . @ .m_..m v 3 O
Ml.nla nUum MW.&WWW 02 mm M.m _.II
| p .
o @ K

Maklng Your

' [
"5 b= v,
c 220 2 :
§EtE  uf
& 5 £ £ O X _
-l — aUh _
S S 5%
/) e E - ;
Egmd 55

e QO = 3 ,
C..Iec = O :

S -
c 5 € ¢ 858 -
SESE BT

C_.IIV ID ;r
- = 2 _. .
A8 07T £.8 :

Qo © p-. |
| & e g 2 - .
.mmre £58
§.0 ) -
(© ., < rom |
Eh=8 S5 ¢ .,
I raﬂna dpp

S D 3 o » C
i o S.eu
S 0 0 x
3 S5 8 o =<
ar..gh..b._ £ g
.m.n..m o TR Omw | __

= S O) = ) _
R 3 0
68086 090 = __
o R~ w @© 5 O __

Vm.r&m O£ =0 .

SS38

-




WIDE-BANDGAP DEVICES

UVOS targets UV emitters for
biosensors and commmunications

www.compoundsemiconductor.net

The US Department of Defense is funding a project called SUVOS that aims to develop UV lasers and
LEDs for biological agent detection and secret communication systems, writes Richard Dixon.

he US Department of Defense views
compact UV sources as critical to bio-
logical agent detection and non-line-
of-sight (NLOS) covert communications, as
well as water purification and the decontam-
ination of equipment and personnel. To ad-

dress these applications, the Semiconductor

UV Optical Sources (SUVOS) project has
been instigated by DARPA’s Microsystems
Technology Office, an agency that actively
promotes core technologies in electronics,
photonics and MEMS.

The SUVOS project i1s expected to run for

up to four years and will foster R&D that
speeds the introduction of compact high-
power UV sources. The program specifically
targets wide-bandgap semiconductors such
as GaN and 1ts various alloys for use as opti-
cal sources that can be integrated into mod-
ules and subsystems.

Detecting biopathogens

To address the detection of airborne biologi-
cal agents, the new project aims to demonstrate
novel UV LEDs and lasers that operate from
280 to 340 nm. Recent research has resulted in
LEDs with wavelengths as short as 305 nm
(Compound Semiconductor March 2002 p29),
although these devices typically suffer from

low output power and high series resistance.
DARPA i1s aiming to mitigate these prob-
lems and is targeting compact, low-power UV

sources to perform tasks such as laser-induced

fluorescence spectroscopy of the common
constituents in biological agents (figure 1).
These constituents include tryptophan, with
a peak absorbance at 280 nm, and NADH
at 340 nm. The primary focus of the program
1S to develop the properties of AlGaN materi-

als to provide inexpensive, low-power UV

sources tailored to these wavelengths.

Covert communications
TI'he US military also needs a secure means to
send messages in the field using low-power

communication systems — a requirement that

N
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Fig. 1. Schematic diagram showing the arrangement of UV lasers and detectors in a

compact sensor used to detect biopathogens. The UV laser light excites any biological
agent present, causing photon emission. The wavelength of the emitted photons is
characteristic of the bioagent and is collected by the detector elements in the sensor.

cannot be met with conventional RF radios.
Covert communication 1s made possible by
UV sources that exploit the solar blind region
located at 280 nm and below. In this region of
the spectrum, the terrestrial solar tlux 1s essen-
tially zero, and the very low background can
be used for NLOS communications over dis-
tances up to 250 m. The strong extinction coet-
ficient of the signal in the UV makes it difficult
to detect these emissions from a distance, par-
ticularly in the forward direction. The success
of such a portable UV frequency commu-
nicator unit depends on the availability of
a compact, powerful and energy-efficient
UV optical source.

“Semiconductor UV emitters offer the
potential for compact, inexpensive systems
with low power and high reliability, all of
which are needed for the systems we require
at the Department of Defense,” said SUVOS
program manager John Carrano. “Current
research in the AlGaN/GaN materials system
is critical to this effort.” By building on the
commercial success of visible GaN-based

LEDs, DARPA has initiated a program to
develop short-wave UV sources. “These
sources could be used 1n a compact unit that
includes early warning detection of bio-
pathogens, and that also performs fluores-
cence spectroscopy with a laser to confirm
the diagnosis of the first alert,” said Carrano.
“We would also like this unit to consume only
low power and to be inexpensive so that we
can use the units 1in as many platforms and
environments as possible.”

DARPA’s wish list for UV LEDs and lasers
includes high external quantum efficiency, an
optical output power in the mW range, high
reliability devices with 10,000 hours of life,
and a modulation bandwidth of 10 MHz. UV
devices should provide room-temperature
operation 1n either pulsed or CW mode.

The SUVOS program recognizes a num-
ber of technical challenges that need to
be overcome to achieve these goals. Accor-
ding to Carrano, one of the most important
Issues 1s attaining sufficient p-type conduc-
tivity in high-aluminum-content AlGaN. A
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doping level of around 5 x 10'"/cm’ is needed
to achieve sufficient hole injection in the
AlGaN active regions and to provide efficient
radiative recombination. '

“A high aluminum content in the active
region is needed to achieve a sufficiently
wide electronic bandgap for emission in the
UV,” explained Carrano. “During the growth
of A1GaN with higher concentrations of
aluminum, it becomes more and more chal-
lenging to achieve p-type doping in the mat-
erial.” A related problem is the suppression
of non-radiative recombination mechanisms
in the active regions.

The large heterojunction offsets associated
with the AlGaN material system also pose a
significant problem to carrier transport at
heterointerfaces. “To achieve confinement
using barrier and cladding layers, we need
to control the quality and properties of AlGaN
materials with as much as 65% aluminum in
the layers,  added Carrano.

There are also the additional factors that
typically face all LED and laser designers, 1.€.
the need to efficiently extract light and remove
heat, as well as wave-guiding and mirror
design for lasers and resonant-cavity LEDs.

“The development of high-quality ohmic
contacts 1s particularly important for the devices
envisioned in this program,  said Carrano. “As
high levels of current injection are needed to
drive high-power sources, the design of inno-
vative structures for both LEDs and laser diodes
is crucial to meeting SUVOS objectives.”

Program structure

The SUVOS program is structured to take
place in two phases. Phase I will concentrate
on the development of wide-bandgap semi-
conductor materials, and will also include the
design, fabrication and characterization of
innovative optoelectronic device structures
with operating wavelengths at 340 nm.

In Phase II the emphasis will shift to the
optimization of UV photonic materials and
LEDs and lasers with operating wavelengths
of 280 nm. In this phase UV optical sources
will be integrated into testbeds for demon-
strations of biological agent detection and
NLOS communications.

[nitially the main focus will be on materi-
als development, in particular high aluminum
content n-type and p-type material with
device-level doping of around 10'"/cm?. Later
efforts will focus on improving material uni-
formity. Devices such as lasers and LEDs
operating at 340 nm will be developed first,
and the final goal 1s emitters at 280 nm.
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SUVOS finalizes funding round

All the funding for SUVOS has now been
awarded. The commercial companies being
supported over the next two years are Cree,
Crystal Photonics and Lumileds Lighting,
each of which will work exclusively on III-
nitride LEDs and lasers. Anumber of univer-
sities are also involved with SUVOS at much
lower levels of funding.

The SUVOS program consists of a two-
year core effort, followed by an optional third
and fourth year for research with the great-
est potential. A total of around $20 m has been
allocated, and up to $25 m is available for pro-

jects in the third and fourth years.

In March Cree was awarded the largest
SUVOS contract—$14.5 m —to develop UV
LEDs and laser diodes for tactical commu-
nication systems and biological agent sen-
sors, including anthrax detectors (Compound
Semiconductor May 2002 p11). Cree i1s de-
veloping a proprietary technique for defect
reduction in GaN materials. Carrano says the
approach Cree 1s taking 1s also consistent with
high-volume production.

“Cree 1s partnering with the University
of California Santa Barbara to develop
novel approaches to devices with quantum
dots and resonant cavity-enhanced LEDs,”
said Carrano. “They have also succeeded
in demonstrating efficient 340 nm LEDs
that operate at room temperature with 1 mW
of output power.”

Lumileds, teamed with Brown University
(Providence, RI), was chosen for its novel
solutions to p-type doping and the thermal
management of device packages. Lumileds
1s well known for its high-power package
technology, which is designed to remove
heat from its Luxeon range of high-flux
LEDs (Compound Semiconductor January/
February 2002 p37).

Crystal Photonics and Boston University
form the final team, which shares around $1 m
in funding. Located in Sanford, FL, Crystal
Photonics produces alternatives to SiC and
sapphire substrates such as lithium gallate.
Previous work by the company has been
sponsored under a SBIR Phase I award, and
involved using lattice-matched lithium gallate
as templates for visible LEDs using high-
quality GaN layers grown by HVPE (Com-

pound Semiconductor June 2002 p9). B

John Carrano can be contacted at +1 703 696
2252, jcarrano@darpa.mil. More information
on the SUVOS project can be found at
www.darpa.mil/mto/suvos.
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Tegal’'s next-generation i90X:
it's one hardworking employee.

From silicon to telecom, get ready for the new i90X. Based on the
robust, production-proven 900 Series platform, the new i90X still
delivers the lowest COO In the industry. It has a new PC-based
operating system, user-friendly GUI touch screens, customer defined
data logging, and an improved transport system. VVith Jlegal's

.' award-winning customer support and renowned warranty
orogram, you can count on it. See what's next at www.tegal.com
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PRODUCT SHOWCASE
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To advertise your product in this section, contact Joanna Hook on tel. +44 117 930 1033, or email joanna.hook@iop.org.

New Real Time Process Monitor

ORS Ltd
ORS Ltd have developed a non-contact optical monitor designed specifically

for thin film process control. The EpiEYE2000 package consists of a compact
interferometer which 1s wavelength and intensity stabilised, a programmable
electronic control module and one of two unique software bundles. The noise-
to-signal ratio of the interferometer is typically 0.1% making it one of the most

sensitive instruments 1n its class. The supporting software bundles are tailored
for either production (EpiORACLE)

or research (EpiREF) environments.
The EpiEYE2000 package is the first
in a liner of products that ORS Ltd will

be launching in the next 12 months.

Contact Carl L Griffiths, ORS
Ltd, INTEC, Parc Menai, Bangor
LIL57 4FG, UK

Tel. +44 7974 808 674

Fax+44 1248 672 621

Email enquiry@ors-ltd.com

Grinding/Polishing Machine

Allied High Tech Products Inc
The MetPrep 3 Grinding/Polishing machine can be used for manual

sample preparation as a stand-alone unit, or semiautomatic sample
preparation when the A P-3 Power Head is added. The microprocessor-
based system allows up to 10 steps to be programmed, including cycle
start/stop; cycle time; sample force; platen direction/speed; jog speed and

water. Platen rotation speeds are variable, in either clockwise or
counterclockwise direction.

Designed & manufactured in
Rancho Dominguez, California.

Contact Gary Liechty,
Allied High Tech Products Inc,

2376 East Pacifica Place, Rancho
Dominguez, CA 90220, USA

Tel. +1 310 635 2466
Fax+1310762 6808

Email gdliechty@alliedhightech.com
Web www.alliedhightech.com

Automated RTA System

Mattson Technology Inc
Mattson Technology’s 2800cs is the most advanced RTA system for the

production of MESFET, HEMT, HBT, as well as LED and laser diodes.
The 2800cs features state-of-the-art chamber technology and highly
configurable automation for industry-leading process capabilities, yield,

and productivity. Mattson’s proprietary, lamp-based, dual-side wafer

heating enables applications such as rapid thermal dopant activation,
implant annealing, contact

alloying, and quantum well
intermixing for GaAs, InP, GaN,
S1C, and other compounds.
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Contact Mattson Technology Inc,
2800 Bayview Drive

Fremont, CA 94538, USA

Tel. +1 510492 6518
Fax+1510492 6460

Email info@mattson.com

Web www.mattson.com

MicroLine 500

Micro-Metric Inc
The MicroLine 500 automatically performs critical dimension

measurements on cassettes of wafers. The system employs an auto-
loading robot, pre-aligner and motorized positioning stage along with
pattern-recognition software to load, align, and measure wafers
without operator intervention. It provides measurement accuracy of

0.01 micron with 4 nm (one Sigma) repeatability. The system includes
an extremely flexible, proprietary

programming language (MCL)
that offers the user full control of
the system’s functionality.

Contact Micro-Metric Inc, Suite
102, 1050 Commercial St,

San Jose, CA95112-1419, USA
Tel. +1 408 452 8505

Fax +1 408 452 8412

Email info@micro-metric.com
Web www.micro-metric.com

InP Etching Solutions

Unaxis Semiconductors
Unaxis itroduces InP dry etching solutions spanning R&D projects from prototype fabrica-

tion to volume production. Systems can be configured with either RIE or ICP process tech-
nology on manual or automated wafer handling platforms. Reproducible, uniform thermal
coupling between the substrate and a heated recirculating fluid electrode is accomplished

with mechanical or electrostatic clamping and flow backside helium. Processes developed

on entry level Unaxis systems are easily transferred to production platforms with features
that increase maintenance intervals and im-

prove cost-of-ownership. Whether shallow
or deep etching, frontside features or back-
side vias, Unaxis has a hardware and pro-
cess solution to meet your application needs.

Contact Notker Kling, Unaxis
Semiconductors, 10050 16th St N.,
St. Petersburg, FLL 33716, USA
Tel. +1 727 577 4999

Email notker.kling(@unaxis.com
Web www.semiconductors.unaxis.com
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Sapphire Manufacturing Facility

Gavish Inc

Sapphire 1s manufactured for substrates and wafer carriers in our fully integrated ISO
9001 approved facility. Three crystal growth methods are used to best match the quality,
performance, and economic criteria for each application. High quality bulk crystal is
grown using the Kiropolus and HDSM (Horizontal Directed Solidification Method).
Shaped crystals are grown using EFG. Our facility includes slicing, lapping, epi
polishing, laser marking, class 100 packaging: and metrology including spectroscopy.
X-ray, interferometry (Zygo New View),
and flatness measurements (Tropel
Flatmaster). Substrates comply to Semi
and customer specifications. Wafer
carriers can be made with customer
specified features and hole patterns.

Contact Jeremiah Fitzgibbon,
Gavish Inc, 337 Route 101,
Bedford, NH 03110, USA

Tel. +1 603 472 5900

Web www.gavish.com
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Complete 111-V Portfolio

Praxair Electronics

Praxair Electronics offers the compound semiconductor industry a
strong, integrated source for materials, equipment and services. Our
[1I-V portfolio includes arsine, phosphine, 6.5-grade ammonia and a bulk
ammonia gas delivery system with one of the highest flow rates in the
industry. Our portfolio includes: spare parts and consumables
management, total gas and chemical management, sputtering targets,
facilities monitoring, and gas
delivery systems installation
and maintenance. Praxair
Electronics offers the purity and
reliability to meet the needs of
the compound semiconductor
industry and the innovation to
exceed them.

Tel. +1 800446 8765
Web www.praxair.com/
semiconductor

Hall Effect Measurement Systems

Lake Shore Cryotronics Inc

The new 7600, 7700, and 9700 series are the most sophisticated
electronic transport measurement systems available. Hall coefficient,
voltage, carrier density, etc. measurements can be made on samples
with resistances from 0.1 m€2 to 100 G€2, in fields to 9 tesla and
temperatures from 2K to 800K.. Options including multiple contact [-V
measurements, 4-sample or 6" wafer capability, and QMSA software
(extracts the mobility and
concentration of each carrier
species in multi-layer materials)
are available.

Contact Lake Shore
Cryotronics Inc.

Tel. +1 614 891 2244

Email sales@lakeshore.com
Web www.lakeshore.com

High Quality Precision Equipment

Accretech USA Inc

Visit us at Booth 210 at CS-MAX 2002 to learn about Accretech’s high
quality/precision equipment for the semiconductor, electronics and
optoelectronics industries. We offer semi-auto dicers, edge profilers,
polishers, sorters, wire saws/orientation systems/gluing stations from
HCT. We also offer worldwide service, sales and technical support from
our locally based offices in the US, Japan, Europe and Asia.

Contact Accretech USA Inc,
2520 Junction Ave, San Jose,
CA 95134, USA

Tel. +1 408 952 7910
Fax+1408 952 7901

Email usasaleswms@
accretechusa.com
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Employment Advertisements

Compound Semiconductor is the number one publication in the compound
semiconductor field, with readers at virtually every fab and lab in the industry. If
you are looking for managers, engineers and technicians with |ll-V experience,
advertising in Compound Semiconductor is your most cost-effective option.

Specifications Please submit your advertisement as a 300 dpi, CMYK, Acrobat
3.0 compatible PDF file with all fonts embedded. If you do not have an
advertisement, we can prepare one for you - simply email us your text and a
copy of your logo.

Deadlines December issue - November 15; Jan/Feb issue - January 10

Rates and sizes Please contact Dan Huckle or Joanna Hook, or download our
media pack in PDF format from our website.

Contact Dan Huckle or Joanna Hook, Compound Semiconductor,
Institute of Physics Publishing, Bristol, UK.

Tel. +44 117 930 1033. Fax +44 117 930 1178.
Email dan.huckle@iop.org, joanna.hook@iop.org.

www.compoundsemiconductor.net

th 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 1032/1033
or email joanna.hook@iop.org.

www.henrybutcher.com
Major Sale by Private Treaty and Auction

Location: IBM, Veszprem, Hungary
Sale Date - Wednesday 30th October 2002 at 10am

Over 1000 Lots of Disc Drive
Slider Manufacturing Equipment

Including:

Atomic Force Microscope

| aser Scanners

Micro Slicers & Dicing Machines

Pick & Place Systems
Grinding Facing & Lapping Machines
Wafer Scribers

Laser Crown Adjustment Tools

Optical Measurement, Inspection &
Test Equipment

For further sale information please 'visit
www.henrybutcher.com

Tel: + 44 (0) 20 7405 8411

Fax:+ 44 (0) 20 7405 9772
Email: sales@henrybutcher.com
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Telecom components market

must get worse to get better

As the telecom industry is advised to “assume the worst”, massive consolidation may be the only
prescription that will return the troubled fiber-optic component sector back to good health.

Evidence is
mounting that
the oft-cited
claim that
Internet traffic
doubles every
100 days is
not true.

@ I \ he Dutch tulip-bulb mania, the English South
Seas bubble, the French Mississippt Company
bubble, the US Great Crash of 1929, the Japan-

ese real-estate bubble of the late 1980s, and the Dot-

Com Disaster of a few years ago — what do all these

things have in common with the current telecommu-

nications component market?

According to James Jungjohann of CIBC World
Markets, each 1s a crisis having three common precur-

sors: financial liberalization, failed due diligence, and
a significant expansion of capital markets. As a result,
poorly conceptualized and inadequately researched new
entrants were easily funded, and they piled into a mar-
ket which could not hope to support all of them.

Jungjohann says that the time has come for what he
calls “component Darwinism’ —a shakeout of epic pro-
portions that only the strongest will survive. He believes
that more than 700 start-ups have entered the compo-
nent sector, but estimates that maybe 10% can survive.
He also predicts that the current top 25 component
vendors will shrink to just four or five by 2006, through
attrition and consolidation. For those who find the scale
of this proposition too large to be credible, Jungjohann
offers the example of the computer industry: in 1985
there were more than 500 manufacturers.

And indeed, the consolidation has already started.
Compound Semiconductor has reported on several de-

Share price decline of selected telecom companies since Jan 1, 2001

decline in share price

CIBC WORLD MARKETS, COMPANY REPORTS

o4

velopments among the smaller players in recent months:
the closure of Siros, the sell-off of Gore’s VCSEL busi-
ness, the consolidation of Bookham and Marconi, and
scaling back at nLight, Princeton Lightwave, Genoa and
others. But the real bombshells have been delivered by
the big companies, notably announcements from ADC
and, most shockingly, Agere saying that it 1s exiting
the fiber-optic component business entirely (Compound
Semiconductor September 2002 p3).

Another shoe will likely drop this month, as Nortel
1s widely rumored to be on the verge of selling off its
High Performance Optical Components business for
the bargain-basement price of $50 m. This 1s a stag-
gering development if you think back to the summer
of 2000, when Nortel was publicly musing about spin-
ning off the division in a $100 bn IPO. If that had
happened, it would have been the largest IPO 1n history,
exceeding the $70 bn record set by AT&T Wireless
in April 2000 by 40%. (The largest offering since the
decline of the bull market was the June 2001 PO for
Kraft Foods, which valued the company at $54 bn).

Banning the r-word

What lies ahead for the telecom industry will be vastly
different from what we’ve left behind. “We don’t use
the term ‘recovery’ any more because it instills a feel-
ing that the telecom market will get back to historical
levels again,” said Jungjohann. Instead, he advises
CEOs to “assume the worst~ and act now on the basis
of current conditions, rather than wait for the service
provider market to stabilize.

Jungjohann also advises companies to continue to
assume that there 1s a glut of bandwidth. Remember the
claims in the mid 1990s that the Internet was near to col-
lapse under the weight of traffic growth? Evidence is
mounting that the oft-cited claim that traffic doubles
every 100 days was not true — or at best it was only true
once at an early stage in the development of the Internet.
1o quote a recent article in 7he Economist: “The claim
assumed unimpeachable status. . .unfortunately for the
telecoms firms that rushed to build networks to carry the
reported surge in traffic, it wasn’t true.”

So where did the claim come from? The Economist
article reports that blame has been placed squarely on
the shoulders of WorldCom. Efforts to trace the source
of the statistic have repeatedly led back to WorldCom
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“We don’t use
the term
‘recovery’ any
more because
itinstills a
feeling that the
telecom market
will get back

to historical
levels again.”

COMPOUND SEMICONDUCTOR

PORTFOLIO
Market overview
Closing price on 52-week Market P/E

Company Symbol September 13 low—high cap* ratio®
GaAs IC companies

Anadigics ANAD 3.01 2.31-21.05 92.1m N/A
Celeritek CLTK 7.05 6.36-15.04 86.4m N/A
Endwave ENWV 1.02 0.83-5.84 9.1m N/A
Multilink MLTC 2.60 2.19-92.10 19.7m N/A

‘RF Micro Devices RFMD 6.49 0.16-28.56 1.094 bn 115.83
‘Sirenza Microdevices SMDI 172 1.13-8.49 51.4m N/A
‘Skyworks Solutions SWKS 5.26 2.89-31.84 723.3m 0.88
TriQuint : TQNT 4.60 4.51-21.00 607.4m N/A
Vitesse VISS 2T lEi=1590 2565.3m N/A
Opto companies

Agillent.” . . A 14.98 12.76-37.99 6.991 bn N/A
Agere : & Aghe 1.29 1.18-6.30 2.115bn N/A
Alcatel Optronics ARG S o 1.50-9.63 38.9m N/A
Goherant. i . COHR 20.62 19.70-36.39 L0098 3m N/A
Cree T CREE 13.45 10.35-33.32 978.2m N/A
JJDSlnphase. = v dDsU. 2.56 2.06-12.44 3.879bn N/A
Stratos Lightwave - STLW 0.59 0.55-7.40 42.9m N/A
‘Uniroyal Technology AUTOE 0.10 G 0.07-6.47 3.1m N/A
‘Semiconductor materials and equipment companies 9

ATMI e s AT 15.51 14.50-37.10 S 47s2m N/A
AXT S L AR 4.16 4.01-17.15 93.4m N/A

sl fsle) o Kbt 5 EVIKE 269 G 2901 04! 106.1m N/A
Kopin e KOPN D198 5.30-19.05 411.3m N/A
Tegal e e 0.53 0.18-2.00 - .om N/A
siileony: 7 Tl st S RN 7.35 4.01-15.90 103.1m N/A
NEBCO. Y. 5w e R NEGO ot e i OO L 11.65-40.12 394.8m N/A
European companies (currency data in €) e

Aixtron o AXGE 2800 5.25-30.00 - 391.4m N/A
Baden 0o L REEES 0 _ 159838 . deom NA
‘Boekham s o o BEIVE - 10.60 2 0.87-3.03 i 300 N/A
Filtronic & FIC.L & .56 S 2R 00 I . 98.8m N/A
IQE IQE. 0.17 0.16-3.06 27.4m N/A i
Ploagign o PGIGIN 0.77 0.37-5.62 i LR
WBier v e R B 0.88 2072000 16.5m 7 0N8
STS - SRTS.L 0.35 : 0.20-2.69 10.8m 1.65

*Market capitalization = # shares x current share price; 'Price/earnings ratio = current share price/(income for the last four quarters/# shares,).

executives Bernie Ebbers or John Sidgmore, or execu-
tives at UUNET, WorldCom’s Internet subsidiary. ““As

the world’s largest carrier of Internet tratfic, UUNET
was assumed to know the numbers,” said The Econ-

omist. But of course we now all know that they may

have had questionable motives.

[t seems clear that after the initial frenzy of 1995 and
1996. when the Internet first went mainstream, the an-
nual growth in traffic settled down at 70—-150%. Never-
theless, WorldCom continued to advertise figures that
varied between 700% and 1500% per year, and in 1997
they even claimed i1t was “almost doubling every quar-
ter . Unfortunately for everyone concerned, the only
thing that ever approached that growth rate was the intro-
duction of new network capacity — actual traffic lagged
far, far behind, as we are all now learning to our cost. @
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CALENDAR
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2003 conference details are now available on our website at www.compoundsemiconductor.net/events.

October 13-17
Quantum Well Infrared

Photodetectors Workshop

(QWIP2002)
Torino, Italy

Web: www.polito.it/QWIP2002

October 21-23
GaAs IC Symposium
Monterey, CA, USA
Web: www.gaasic.org

October 21-23

Light Emitting Diodes 2002
San Diego, CA, USA

Web: www.intertechusa.com

October 28 - November 1
Photonics Fabrication Europe
Brugge, Belgium

Web: spie.org/conferences/
programs/02/ept

November 11-13

Compound Semiconductor
Manufacturing Expo (CS-MAX)

San Jose, CA, USA
Web: www.cs-max.com

November 11-15
LEOS Annual Meeting
Glasgow, UK

Web: www.1-leos.org

November 19-22

Asia-Pacific Microwave Conference
Kyoto, Japan

Web: www.apmc-mwe.org

December 2-6
Fall MRS meeting
Boston, MA, USA

Web: www.mrs.org/meetings

December 9-11
Int’l Electron Devices Meeting

San Francisco, CA, USA
Web: www.his.com/~1edm

December 8-13

Low Dimensional Structures
and Devices

Fortaleza, Brazil

Web: www.fisica.ufc.br/LDSD2002

January 19-23, 2003
Physics and Chemistry of
Semiconductor Interfaces

Salt Lake City, UT, USA
Web: www.avs.org

January 25-31, 2003
Photonics West
San Jose, CA, USA. Web: www.spie.org

February 5-7, 2003
Strategies in Light 2003
San Mateo, CA, USA

Web: www.strategies-u.com

February 16-19, 2003
European MBE Workshop
Bad Hofgastein, Austria

Web: www.euro-mbe.jku.at

February 22 - March 6, 2003
International Workshop on Physics
and Technology of Thin Films
Tehran, Iran

Web: mehr.sharif.edu/~1wtf2003

March 10-12, 2003

Key Conference on Compound
Semiconductors

Key West, FL, USA

Web: www.keyconference.com
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Your future... _
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® World leading supplier
of MOCVD solutions

® Unique Close Coupled Showerhead
(CCS) Technology

® lruly scalable reactor concept

® A range of Production and R&D
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homas Swan Scientific Equipment Ltd

nderson Road, Buckingway Business Park, Cambridge, CB4 5FQ. UK. Web: www.thomasswan.co.uk
Tel: +44 (0) 1223 519444 Fax: +44 (0) 1223 519888 email: sales@thomasswan.co.uk
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Believe it or not, these numbers do add up. That's because you can
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go beyond what you thought possible with Praxairs lll-V process gases and systems.
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Our unparalleled Bulk Specialty Gas Delivery System gives you a steady flow of
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gases at rates that are three times higher than the industry standard. And our 6.5-grade
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Factor in our ultra-high-qguality Arsine and Phosphnine and you have a complete llI-V package.
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