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Delivering leading-edge process technology to our customers
and driving down the cost-per-die of dry plasma processes
has been the impetus behind the development of the new
'Pro' generation of equipment platforms from STS.

Key Features:

» Exceptional Process Capability « Remote Operation and

« Enhanced Reliability Diagnostics
* Reduced Maintenance * Improved User Interface and
« Smaller Footprint Functionality

* Direct Manual Control
» Improved job scheduling

« Lower Cost of Ownership
* Faster Installation

Completely re-engineered and re-packaged with the latest
generation of SCADA/PLC control systems, the 'Pro’
platforms provide uncompromising performance and
exceptional reliability.
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Seeing Is believing

~MEMS Photonics Wireless

Advanced Packaging Data Storage

The Pro range is available in the
following platform options:

* Multiplex * - Single process chamber with

carousel loadlock

& MACS Pro _

atmospheric cassette handling system

Single process chamber with

* ASPECT e -

configured with up to 2 vacuum cassette

Production cluster platform

handlers and 4 process modules

WWWw.stsystems.com

e MEMS ePhotonics e Wireless

Surface Technology Systems plc

e Advanced Packaging

STS»

SURFACE TECHNOLOGY SYSTEMS

e[ata Storage

Imperial Park, Newport, NP10 8UJ,UK. Tel:+44 1633 652 400 Fax:+44 1633 652 405 email: Enquiries@stsystems.co.uk
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Boston Laser has purchased the assets of
Semiconductor Laser International p37

COVER STORY: INDIUM PHOSPHIDE
20 InP battles to beat the slump in optical

communications
While new processing technologies ensure that InP

microelectronics will keep getting faster, new compounds
are displacing InP as the material of choice for some long-
wavelength lasers. Jon Newey reports from this year’s
Indium Phosphide and Related Materials conference.

FEATURES
23

LEDs scoop lighting awards

LED-based lighting systems received numerous awards at
the recent LightFair International trade show,
demonstrating the importance of LEDs to lighting

designers, writes Kate Conway.

GaAs industry embraces new

technology trends
Despite temperatures of over 100 °F and several no-shows

due to the effects of SARS, the attendees at this year’s

Mantech conference enjoyed a high-quality program
covering GaAs and InP manufacturing technology, as well

as wide-bandgap devices and the threat posed by silicon,
writes Tim Whitaker.

Component selection is vital for APD

receiver performance
There 1s far more to an optical recerver than just the APD

or pin diode — consideration of the surrounding
components is crucial to good receiver performance,

writes Joe Boisvert of Spectrolab.

ii; Compound Semiconductor s circulation
figures are audited by BPA International

On the cover: New processing technologies are pushing the performance of InP microelectronic devices (InP HBT image courtesy of UCSB) — see p20.

COMPOUND SEMICONDUCTOR JULY 2003



COMPOUND

SEMICONDUCTOR

Three-Fives and Silicon Heterostructures

Editor Tim Whitaker
tim.whitaker@iop.org
Tel: +44 117 930 1233; Fax: +44 117 925 1942

Technology editor Jon Newey

jon.newey@iop.org
Tel: +44 117 930 1192

Commercial manager Rebecca Griffiths

rebecca.griffiths@iop.org
Tel: +44 117 930 1030; Fax: +44 117930 1178

Senior sales executive Joanna Hook

joanna.hook@iop.org
Tel: +44 117 930 1033; Fax: +44 1179301178

Publisher Sarah Chilcott
sarah.chilcott@iop.org
Tel: +44 117 930 1020

Managing editor Marie Meyer

Senior production editor Kerry Harding
Ad production Rachel Sermon/Joanne Scriven
Circulation Jackie King

Art director Andrew Giaquinto

Technical illustrator Alison Tovey
Publishing director Richard Roe

Subscriptions

Available free of charge to qualifying individuals
working at compound semiconductor fabs and
foundries. For further information visit
compoundsemiconductor.net/subscribe.
Subscriptions for individuals not meeting qualifying
criteria: individual $132 US/€ 142; library $300 US/
€ 335. Orders to Compound Semiconductor, WDIS,
Units 12 & 13, Cranleigh Gardens Industrial Estate,
Southall, Middlesex UB1 2DB, UK.

Tel: +44 208 606 7516; Fax: +44 208 606 7303.

General enquiries: compoundsemi@iop.org.

®

BPA

4

Editorial board

Mayank Bulsara AmberWave Systems (USA);
Andrew Carter Bookham Technology (UK);
Jacob Tarn Epistar/Gigacomm (Taiwan); Ian
Ferguson Georgia Institute of Technology (USA);
Toby Strite JDS Uniphase (Switzerland); Mark
Wilson Motorola (USA); Dwight Streit Northrop
Grumman (USA); Joseph Smart RF Micro Devices
(USA); Colombo Bolognesi Simon Fraser
University (Canada); Shuji Nakamura University
of California at Santa Barbara (USA)

80609 total qualified circulation”
"December 2002 BPA audit statement

©2003 IOP Publishing Ltd. All rights reserved.

US mailing information: Compound
Semiconductor (ISSN 1096-598X) is published

11 times a year for $95 by Institute of Physics
Publishing, Dirac House, Temple Back, Bristol
BS1 6BE, UK. Periodicals postage paid at
Middlesex, NJ 08846. POSTMASTER: send
address corrections to Compound Semiconductor,
c/o0 PO Box 177, Middlesex, NJ 08846. US agent:
Pronto Mailers Association Inc, 200 Wood Avenue,
PO Box 177, Middlesex, NJ 08846.

InStltUte Qf PhVSics PUBLISHING

Organization Index | |

Agilent 21
Aixtron 35
Anadigics 17
Bell Labs 20, 29
Boston Laser 37
Cree 584130
Crystal IS 8
DARPA 52027
Emcore 40
Epiworks 15
Ericsson 6
Essient Photonics 13
Ferdinand-Braun-Institute 30
Fujitsu 21,30
Furukawa 22
Gartner Dataquest 15
Georgia Tech 29
Hitachi 15
Hitachi Cable 30
IceFyre Semiconductor 17
Infineon 20
ITRI (Taiwan) 28
Japan Energy 29
Kopin 29
Kyma Technologies 8
LG Electronics 6
LumiLeds 11
M/A-COM 28
Motorola 6,23
Multilink D
Nichia 23
Nokia 6
Northrop Grumman 29
NTT 29
Osram Opto Semiconductors 23

Philips 15
PX Instrument Technology 14
Raytheon 21
RF Integration 17
RF Micro Devices 15
Rockwell 20
Sanyo 12
Showa Denko 29
SIA 6
Siemens 6
S1Ge Semiconductor 18
Skyworks Solutions 1327
SLI 37
Soitec 18
Sony 6
Spectrian S
Spectrolab 32
Stanford University 22
Strategies Unlimited 8
Strategy Analytics 6
Sumitomo Electric 29
Tokyo Institute of Technology 29
Toshiba 18
TriQuint 17
Tsunami 14
UMC 18
University of California, Santa Barbara 20
University of Central Florida 40
University of South Carolina 40
Vertilas 13
Virginia Tech 29
Vishay 12
Vitesse 5
WIN Semiconductors 17

Advertisers’ Index

Addon 33
Advanced Ceramics 34
AFTech 59
Aixtron 3
Akzo Nobel High Purity Metalorganics 6
ATMI Epitaxial Services 10
AXT 36
Bandwidth Semiconductor 14
Crystal Systems 11
DCA Instruments 16
Emcore 7/
EMF 19
Epichem 22
EpiNova 36
GTI Technologies 39
Honeywell Electronic Materials 25

ISCS 2003 38

ICSCRM (Silicon Carbide conference) 38

Insaco 39
Instrument Systems 11
IntelliEpi 12

JPSA 24
K-Space Associates 12
LayTec 1
Lehighton Electronics 28
Nichia 9
Optical Metrology Innovations 39
ORS 14
Oxford Applied Research 39
Praxair 26
Raboutet 17
Riber IBC
SAES Pure Gas 32
Schwarzkopf Technologies 18
Semitech ' 39
Surface Technology Systems IFC
Thomas Swan Scientific Equipment 13
Unaxis 4
Veeco OBC

COMPOUND SEMICONDUCTOR JuULY 2003



o e
5 h-u-u-._.-up_fulh-u"r"-"-' -

l
'. q.rm. )

. -.-[I-'-'-‘

T AT S

L ™

s
'-«.'; o ;'.. e
= i - . e e o M gl .-.\,-. -
& = - . - =
- 3 oy - a =
i o - : L - N =
o e P P T £ e - i B v, i e e P i . p e Ry ke i S =g, i a0 mlhey
N F T L : [} ¥ . g | s o L l:—l Lk ."_' e I"‘ :h-'—"- Fl W] = r-. 31 Il‘l - ::I 4 _f_" i e F 0 I.ll-f l-'". ! o I
- ¥ J ¥ =y - il ] '_, Pt . Sy - = . l' - o b ) - ” L N '\-Tl. i r= e ] - 4 " H] . £
# f gt ! 5 i E £ 1 { Fer - - -.'f & i R S, .‘E';: 3 ¥ _-f," o ' e - - FF .l:ﬁ .. e f.‘_,":-=-!.=:7-i":' -‘.“ "-" it "i:'*-.
o e 5 . ia : 3 £ i - N - o = 1 b - -
y = ~ - 4 | A /3 w4 A N N At & W . - iy gy 9 ¥ & - = N - - ) & &)
- ; ‘ [ } pd - Fech » . . : ! ) ! Y - - 1 d I'|. | i i
~'s .- L4 oS g - ,f' N NN & f etV o f'..-_.ﬁj' Wer _ o . = =4 e el e S ¥ A [ - gy -8 o ey Ssmg
Ll - . ;:r. 1 - g 3
" i _ . j - i L,
& - } f a = II_ & E i E: E_.ri-
" . : e 2 Bs = & i1 - e g =T, I e Frte LT = . - - . e, SR, - :r;.-l-q;. S, o i d i YT el
T = ..-. } . 1-:- - P .:.-' ‘: I _‘_' " - | J:._.-:_:'-"" k.:_ ‘: :f.-h'b : ﬁ ; 1.':___h I_."{A' - . 1..:! ‘Ef ' & -:- oS E‘ r... _*-,.;i: £ %, ‘.i# 1 |
PiViEy 3 F 8 B F ¥ F BB -8 ¥F & B E 8 | Bl F- 8 B Becl §
- 3 . By =5 = s a 3 | o - f &4 o A .. . S 5 ;r-. Y = bt R » . .
y Ry 3 - - a i y ¥ _ F F. B N W L B B 2 ¥ & B ¥ ¥ ¥ | 5 g
R & . & h S ] ¥ = T g . o 1 } .
¥ - o | _ . o wr iy S e [ - == = e '.".| N =5 X bl i L g i - _‘I.r.'u"'h'..;a"'-"- e N . B = i iy per i~ o >
= = - L ; . |
. B i = ®
. I"'- 5 - : = . e - - -

Performance stems from productwuty And with your investment in S
AIXTRON technology, you get a top quality CVD productlon system o

-

Leadmg technology that fits your individual requ:rements The aim |

%

of our work with you is to get the best out of the wafer quahtatrvely S ' S

and ecenom:cally For us, productivity i |s at the heart of all we do, e e

Iea_vmg you free to concentrate on competmg with the best products .
Call us! And count on us. After all, the best return on your investment |

s atstake .- . Pkt N R A
AIXTRON AG - Kackertstral3e 15-17 - D-52072 Aachen, Germany - www.aixtron.com | | 8
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ti-process platform for etching and deposition

including ICP, RIE and PECVD
B Superior process solutions for HBTs, HEMTs, SAW,

Photonics and MEMS

Loadlock equipped for consistent process results
User friendly software standardized for all versions
Unmatched process support from the Unaxis

technology centers in the US and Switzerland

Secure your success in the Semiconductor business with the

new SHUTTLELIN
professionals.

= and the support of our experienced Unaxis

www.semiconductors.unaxis.com

USA Tel. +1 727 577 4999
EUROPE Tel. +49 89 7550 5251

CHINA Tel. +86 21 5057 4646
SINGAPORE Tel. 465 6890 6288

KOREA Tel. +82 31 708 8666
TAIWAN Tel. +886 3597 7771
JAPAN Tel. 481 3 3225 9020
Other Tel. 4423 388 4986
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HEADLINE NEwWS & ANALYSIS

AXT 1s to discontinue the majority of its
unprofitable optoelectronics production in
order to concentrate on its core substrate busi-
ness. The company is looking at ways to dis-
pose of its optoelectronics unit.

AXT produces VCSELs, edge-emitting
lasers and nitride-based LEDs at 1ts facili-
ties 1n California and China. On May 14, it
announced a temporary shutdown of 1ts opto-
electronics production facilities in the US
(Compound Semiconductor June 2003 p6).
This followed a significant slowdown 1n sales
of optoelectronic products at the start of May,
which AXT blamed on the SARS virus.

Approximately 165 employees at the
California facilities of AXT’s optoelectron-
iIcs division will be given notice that they will
be laid off 1in 60 days. In the near future, the
company will keep a minimum workforce to
produce and ship current customer orders and
to continue to sell products from its inventory.
One option for the discontinuation of the opto-
electronics business will be to spin off the divi-
sion, possibly through a joint venture; other

AXT plans to dispose of its opto unit

options could include the sale of the division
or all or part of i1ts assets, or liquidation.

However, AXT says that revenues from its
core substrate business remain on track for the
second quarter of 2003. “By taking this step.
we will be able to focus our attention on grow-
Ing our core substrate business and bringing
it to profitability, while conserving the com-
pany’s cash,” said Morris Young, president
and CEO of AXT.

For the second quarter ending June 30,
2003, revenue from A XT’s substrate business
1s expected to be $8.2—8.4 million and net loss
from continuing operations is expected to be
$2.9—-3.1 million or $0.13-0.14 per share.

AXT’s net loss for the second quarter will
also include charges related to the discontin-
ued optoelectronics business. Its second-quar-
ter results will be announced on July 23.

Cree files patent lawsuit against AXT

Cree Lighting Company, a wholly owned sub-
sidiary of Cree, and Boston University have
filed a lawsuit against AXT alleging infringe-

compoundsemiconductor.net

ment of a patent relating to buffer layer tech-
nology for GaN growth. The lawsuit seeks
enforcement of US patent number 5,686,738,
entitled “Highly Insulating Monocrystalline
Gallium Nitride Thin Films™, and requests
damages and an injunction against infringe-
ment. The patent 1s owned by Boston Univer-
sity and licensed to Cree Lighting Company
on an exclusive basis.

AXT has stated that it believes the lawsuit

1s without merit and that it intends to defend
itself vigorously.
e Correction: In our last issue we wrote about
a patent infringement lawsuit filed by
Sumitomo Electric against AXT (Compound
Semiconductor June 2003 p6). The article
stated: “SEI’s patents relate to its vertical
Bridgman (VB) method for making GaAs
substrates.” However, only the carbon-dop-
ing patent (Japanese patent number
3,201,305) relates to SEI’s VB process, while
the strain patent (Japanese patent number
3.156,382)1s aresult of a vertical Czochralski
process and does not relate to VB growth.

Cree entangled in multiple lawsuits

A lawsuit has been filed against Cree and 1ts
chairman by Eric Hunter, the company’s for-
mer CEO and current part-time employee, and
his wife. The couple are seeking to recover
damages 1n excess of $3 billion for unspecified
harm resulting from the alleged conduct of the
defendants, Neal Hunter, current Cree chair-
man and Eric Hunter’s brother, and Cree. Inc.

The lawsuit contains a number of allega-
tions, including that beginning 1in August
1995, Cree and Neal Hunter filed false and
misleading statements with the SEC relating
to public stock offerings. The complaint also
alleges that Neal Hunter and his brother Jeft,
then chairman of an affiliated company, C3
(now Charles & Colvard, Ltd), entered into
an undisclosed side agreement in connection
with a requirements contract. This contract
required C3 to accept unlimited shipments of
S1C crystals for the manufacture of moissan-
ite gems, thereby artificially increasing Cree’s
operating income and share price.

As news of the lawsuit broke on Friday
June 13, Cree’s shares tumbled from an open-
ing price of $21.91 to a low of $15.65 before
recovering to $18.10 at the close, down 18.5%
on the previous day’s closing price. Such a

COMPOUND SEMICONDUCTOR JuLy 2003

Cree’s rising revenues

Quarter ending Revenue ($m) Net profit ($m)

Mar 30, 2003 00.2 10.6
Bee 00 0002 567 T oD
Sep 2096000 1 sAss 3.0
HincBiPopo T a7 g v

reaction was perhaps not surprising given the
nervous state of the markets after high-profile
cases of financial malpractice by companies
such as Enron and Worldcom. However, com-
parison with such cases would be unfair given
that the SEC has not announced any formal
investigation into Cree’s filings and that Cree
has a strong trading position, recently report-
Ing record revenues (see table) and a ramp-up
of 1its LED manufacturing capacity to meet
soaring demand.

“Cree has no knowledge of an SEC inves-
tigation at this time, said Chuck Swoboda,
Cree’s CEO. ““The complaint and the damages
sought make no sense to us, and we intend vig-
orously to defend the claims against us.”

Cree will be asking a committee of inde-
pendent directors to investigate any allega-
tions of wrongdoing. It believes that the

allegations are without merit and that they
arise 1n part from personal and family matters.

Class action lawsuits proliferating

The activities on June 13 resulted in a number
of class action lawsuits, charging that Cree’s
stock price was artificially inflated by a num-
ber of false statements to the marketplace. The
lawsuits also claim that Cree did not disclose
that $5 million of the proceeds of a share 1ssue
were to be invested in a speculative start-up
company in which Eric Hunter was a sub-
stantial shareholder.

[n addition, allegations have been made
concerning Cree’s purchase of the UltraRF
division from Spectrian Corporation. The law-
suits allege that Cree falsely told the market
that UltraRF would be accretive to earnings,
and that 1t did not disclose that a two-year sup-
ply agreement only required Spectrian to pur-
chase products from Cree at the lowest
available commercial price. Although the
UltraRF division continued to lose money for
Cree, a charge for the division’s goodwill was
delayed until March 2002, when Cree
announced that it would take a $60—77 mil-
lion write-down for the division.
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semiconductor industry

After a difficult couple of years, the Semi-
conductor Industry Association (SIA) has
released a positive growth forecast for the
global semiconductor market, which includes
16.8% growth in 2004 and a compound
annual growth rate of 9.8% to mid-2006.
SIA expects the market for discrete com-
ponents, including power transistors and RF
devices for wireless consumer products, to
grow by 7.3% to $13.2 bn in 2003 and by
12.1%to $14.9 bn in 2004. Sales of optoelec-
tronic components, including laser devices,
image sensors and various communication

SIA

Global semiconductor market

220
200

180
160
1401--
120 }---
100

market value
($ billion)

2004
year

2002 - 2003 2005 2006

devices, will increase 22% to $8.3 bn in 2003,
and by 15% to $9.5 bn in 2004, says the SIA.

LG replaces Sony Ericsson in top

five handset manufacturers list

According to Strategy Analytics, the first
quarter of 2003 saw a change to the top five
handset manufacturers, with LG pushing Sony

~ Ericsson down to sixth, and Samsung capi-
. | talizing on CDMA growth in China and India.
- The market research company estimated that

113 million handsets were sold to consumers
during the first quarter of 2003, while 108 mil-

~ lion units were shipped to distributors.

Nokia remained the leading handset maker
with a 35.1% share of the market. By Nokia’s
own estimates, global shipments in the quar-
ter were 98 million units. However, Strategy
Analytics says that Nokia’s figures ignore a
large number of small handset vendors in
China and Europe. Nokia and second-placed
Motorola saw their market shares fall (to
15.4% 1n Motorola’s case) during the quarter.
During the final quarter of 2002, Nokia cor-
nered nearly 40% of the market. Samsung’s
share rose to 12.8% in the first quarter of 2003,
while Siemens’ slipped to 7.4%. LG entered
the top five with 5.2% of the market. Sam-
sung’s success 1s partly due to the strong

- growth in overall CDMA handset shipments,

which grew by 49% as a result of new CDMA
networks in China and India, while GSM ship-

ments grew by 13%.

Strategy Analytics has also released 1ts
forecast for handset shipments during the
remainder of 2003 and beyond. Its figures
show that global handset sales will grow 5%
in 2003 to 458.4 million units, and 11% 1n
2004 to 506.9 million units as demand con-
tinues to recover in mature markets and
growth surges in developing regional markets.

3G handset sales take off

The breakdown of the figures by air interface
standard shows CDMA sales growing 19% in
2003 to 89.4 million units and 17% 1n 2004,
with a healthy CAGR of 12% through to 200%.
GSM sales will grow 7% 1n 2003 and 17%
in 2004 as emerging markets in Asia-Pacific
and other regions gain critical penetration.
GSM sales will grow at a CAGR of 12%
through 2008 as color displays, multi-media
messaging and Java-enabled devices diver-
sify in availability and the average retail sell-
ing prices on these handsets fall to
mass-market consumer price levels. 3G hand-

set sales will account for 14% of total global
sales 1n 2003 and 23% in 2004. By 2008, 75%

of sales will be 3G handsets.

— —— —

Sign up for our free weekly e-mail

NewsAlert service at
www.compoundsemiconductor.net/articles/news
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compoundsemiconductor.net

Crystal IS wins DARPA funding for R&D

Crystal IS, a supplier of single-crystal AIN
substrates, has been selected to participate
in DARPA’s Semiconductor Ultraviolet Opti-
cal Sources (SUVOS) program. The program
aims to accelerate the development of UV
sources for defense applications, including
biological agent detection and covert com-
munications (Compound Semiconductor
October 2002 p49). It has already awarded
R&D funding to companies such as Cree,
Crystal Photonics and Lumileds Lighting,
as well as universities including Boston,
Cornell, the University of South Carolina and
the University of California, Santa Barbara.

Although Crystal IS would not comment
on the details of its role in SUVOS, i1t did indi-
cate that 1ts boule growth technology 1s scal-
able 1n 1ts ability to produce longer and larger
diameter boules. The company currently
offers 12 mm substrates made from boules that
exceed 2 cm in length, and 1t plans to demon-
strate 50 mm substrates by the end of the year.

Pushing AlGaN-based emitters deeper into
the UV requires higher Al fractions in the
active regions of the devices. AIN substrates

Bulk growth allows Crystal IS to produce
non-polar AIN substrates such as a-plane
material or this m-plane sample.

provide a good lattice match for such materi-
als, ensuring high crystal quality for efficient
device operation. AIN’s high thermal con-
ductivity takes heat away from the active
region, reducing thermally induced degrada-
tion and extending device lifetimes.

Crystal IS recently announced the avail-
ability of limited quantities of ultra-low dis-
location density a-plane, m-plane and c-plane
AIN substrates. ““Our native AIN substrates
are fabricated from our patent-pending boule

GaN activity continues to thrive

There 1s still rapid growth in the level of com-
mercial and R&D activity in the GaN field,
according to a new report from Strategies
Unlimited. Since 1999, the market for GaN
devices (primarily blue, green and white high-
brightness LEDs) has grown by 221% to reach
$1.35 billion in 2002, and overall the market
for GaN devices of all types is forecast to grow
to $4.5 billion by 2007.

The report, Gallium Nitride 2003 — Technol-
ogy Status, Applications and Market Forecasts,
provides analysis of applications and market
forecasts to 2007, and says that the worldwide
growth and momentum for both commercial
and R&D activity relating to GaN devices and
materials has never been more robust.

As of the first quarter of 2003, 184 compa-
nies were involved in GaN production or devel-
opment (devices, materials and equipment),
and 293 universities and research centers were
involved in GaN R&D, including 51 govern-
ment-funded research agencies. These figures
represent an increase of 74% and 24%, respec-
tively, since the publication of Strategies Un-
limited’s previous GaN survey in May 2000.

Since the beginning of'the first significant

commercial shipments of GaN LEDs in 1995,
the market has grown at an average annual rate
ot 64.5%. Blue-violet laser diodes based on
GaN devices began shipping in 1999 and the
market achieved modest levels through 2002.
However, in 2003 the long-anticipated mar-
ket for blue-violet (405 nm) laser diodes in
optical storage has finally begun in earnest,
as several companies have announced the first
shipments of the next generation of high-den-
sity DVD recorders. At present the data stor-
age market 1s still mainly 780 and 650 nm
devices, but GaN-based short-wavelength
emitters are beginning to make their presence
felt as a solution to increasing storage density.
The data-storage market is now the largest
consumer of laser diodes, far outstripping the
optical communications sector which domi-
nated laser diode consumption until 2001
(Compound Semiconductor April 2002 p35).

GaN-based electronic devices are still
under development, but the first significant
commercial shipments are expected to begin
in 2004 as companies such as RFMD and

Nitronex complete prototype testing with |

potential customers.

growth process, and are the only commercially
available AIN substrates to our knowledge
that are not produced using heteroepitaxial
techniques,” said Keith Evans, COO and VP
of business development. ““As a result, we can
offer virtually any customer-specified crys-
tallographic orientation while maintaining
industry-leading dislocation densities of less
than 1000/cm?®.”

The company’s AIN substrates are also
attracting interest from those developing high-
power, high-frequency HEMTs (Compound
Semiconductor April 2003 p14). The c-plane
material that normally results from hetero-
epitaxial quasi-bulk substrate growth results
in the strong polarization effects that induce
charge at the AlGaN/GaN interface in
HEMTs. While this 1s desirable in HEMTs,
polarization effects have also been linked with
certain HEMT performance issues, and may
limit performance 1in other device types. There
1s therefore a growing interest from device
researchers to investigate non-polar (for
example a-plane and m-plane) substrates,
which Crystal IS can slice from its boules.

Kyma Technoogies
wins $4 m in funding

Kyma Technologies, a supplier ot GaN sub-
strates based in Research Triangle, NC, has
obtained $4 million in its Series B round of
funding, led by Digital Power Capital, Siemens
Venture Capital, and supported by former
Kyma investors. The funding exceeded the
goal of $3 million and will support commer-
cialization, product development and staffing.
The company plans to significantly increase
its staff by the end of 2003.

High-purity GaN substrates will eventually
allow device manufacturers to grow lattice-
matched GaN-based devices. This will elim-
inate the complicated buffer layers required
to grow GaN on Si, S1C and sapphire sub-
strates, and will also improve device quality.

“Kyma’s technology i1s a substantial 1m-
provement over current alternatives, and we
believe it will become a premier global GaN
materials company, said Harald Kirchner of
Siemens Venture Capital.

Kyma has continued to accelerate i1ts devel-
opment ot GalN substrates to optimize qual-
ity and reduce defect densities, and says it has

| recerved positive feedback from customers.
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365nm, 100mW.
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Nichia has developed 365nm LED.

Peak Wavelength, just on 1-line, 365nm.
100mW, most powerful in the market.

Again, from Nichia.

Nichia UV-LED Products
365nm  375nm  3B0nM

*Preliminary number. Subject to change without notice.

100mW

2mW

For Product Guide : www.nichia.co.jp
Contact: Email : uvled@nichia.co.jp

Sales Office: 5-34-7 Shiba Minato Tokyo, Japan 108-0014 Tel: +81-3-3456-3108 Fax: +81-3-5440-7330
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WIDE BANDGAP NEWS

Cree 1s to become the first company to offer a
foundry service for wide-bandgap MMICs to
customers in the US. The service will be based
on Cree’s second-generation 3 inch SiC MES-
FET production process, the development of
which has been partly funded by the US
Department of Detfense (DoD). The foundry

service adds to Cree’s standard discrete S1C
Schottky diode and MESFET products.

“We have received significant interest in
providing this type of foundry service, and are
pleased to begin offering it to US-based com-
panies for domestic use, said Jim Milligan,
Cree’s manager of wide-bandgap microwave

A REVOLUTION

In the

EVOLUTION

of materials..

Substrates « Epitaxy

Look to ATMI GaN to be your partner in developing

and manufacturing advanced semiconductor devices.

ATMI GaN Substrates — improve epitaxy quality, !

ease the processing of devices and enhance device

performance.

compoundsemiconductor.net

Cree to offer foundry service in US for SiC MMICs

products. S1C MMICs will find uses where
high-power and wide-bandwidth amplifiers
are required, for example in pulsed-power
radar and cellular infrastructure.

Cree’s 3 inch S1C MMIC capability has
made rapid progress recently, due in part to
$26 million in defense contracts awarded last

. July from the Oftice of Naval Research and

Ai1r Force Research LLaboratories for SiC

" MMIC process development. The contracts

are jointly funded by the US Navy, the Missile
Defense Agency and the Title I program run
by the DoD. Cree’s funding forms part of Title
[II’s producibility program, which covers sub-
strates (3 inch semi-insulating SiC), SiC epi-

- taxy for MESFETs and cleanroom processes
~ for manufacturing the MMICs, including pas-

sive components, via holes and device testing.
The advanced S1iC MMIC process will

™

enable similar levels of integration to those of
commercially available GaAs MMIC

~ processes, including the incorporation of
- resistors, MIM capacitors, inductors and

through-substrate vias on a single RFIC,
reducing the parts count required for high-

power amplifiers.
Initially, Cree will provide foundry and
engineering support services based on custom

~ design solutions developed by Cree’s internal

MMIC design staff. By the end of calendar
year 2003, the company intends to support
external customer designs using standard
device models and layout rules.

“In addition to providing unmatched RF

~ performance, this service will allow exter-

nal customers to design into our SiC MMIC
process using their own proprietary circuit
designs and architectures,” said Milligan.

| “Cree is the only company to commercially

ATMI GaN Epitaxy — realize optimal device

performance with our epitaxy on GaN, SiC or Sapphire

substrates.

Tel: 203.794.1100
Fax: 203.830.2123

7 Commerce Drive
Danbury, CT 06810

ATMI GaN...Growing your future.

www.atmi.com
(GaN@atmi.com

~ ofter the higher-power, wider-bandwidth
| capability of SiC compared to Si or GaAs in
- a MMIC format.”

The company is still undecided as to
whether to offer a multiproject wafer service.

| “Die sizes are large [up to 6 x 6 mm~] so it’s
 difficult to put more than one MMIC on a ret-

: icle,” said John Palmour. VP of advanced

- devices at Cree. “If we have enough cus-

| tomers wanting small numbers of small die

10

| then we probably will, but right now it’s still

an open question.”’

Coming in September - a special
iIssue on silicon carbide
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Cree offers brighter LEDs

Cree has introduced enhanced versions of its
XBright and MegaBright products, as well as
very thin LEDs for keypad backlighting. The
new MegaBright Plus (MB Plus) and XBright
Plus (XB Plus) blue LEDs will both be offered
in 460 nm and 470 nm versions.

The typical brightness level for the new XB
Plus device 1s approximately 20% higher
than Cree’s XBright product, which 1s cur-
rently the highest-performing Cree device.
The 470 nm XB Plus LED has a typical radi-
ant flux of 17 mW (minimum 15 mW). The
MB Plus device has a typical brightness level
approximately 30% higher than Cree’s cur-
rent MegaBright product. The 470 nm MB
Plus has a typical radiant flux of 13 mW (min-
imum 12 mW).

The MB Plus and XB Plus specifications
make these devices particularly well-suited
for white LED backlighting of color liquid-
crystal displays (LCDs) in mobile appliances.
Production quantities are currently available

for both the MB Plus and XB Plus products.
Mike Dunn, Cree’s VP of Optoelectronics,
said “These brighter versions of our Mega-
Bright and XBright products offer exciting
opportunities targeted specifically at the white
LED market. We believe our customers can
achieve even greater performance by using
these products 1in applications requiring white
light, such as color LCD backlighting.”

RazerThin LEDs
Cree also announced that it 1s providing 1ni-

tial samples of its new RazerThin LED prod-
ucts to select customers. These products are
60% thinner than Cree’s standard products at
approximately 100 um in height, and also
offer a lower forward voltage, typically 2.9V
when operated at 5 mA. Applications for next-
generation keypad backlighting require sub-
miniaturization and a thinner form factor for
LEDs. The full release of this product is tar-
geted for early July.

LEONE

compoundsemiconductor.net

Lumileds LEDs used
in underwater lights

A new range of scuba-diving lights using

' Lumileds Luxeon LEDs has been launched

by an Italian company, Leone, to provide
long-lasting, high-brightness underwater
lights suitable for photography and film. The
lights utilize either 6 or 12 white Luxeons,
which provide 25 Im/W and allow the light
batteries to last up to five times longer than
traditional gas-filled dive light systems. The
[LED-based lights are also smaller and more
robust than conventional lights, and switch on
instantly without a warm-up period.

SAPPHIRE
3STRATES |

Crystal Systems HEM sapphire
Is the ideal substrate material
for growth of nitrides.

LED SAPPHIRE SUBSTRATES:

e Highest purity sapphire available
e Low dislocation density
e Excellent surface finish
e (O001) on- and off-axis;
other orientations _
2, 3.-and 4 inch dlameter
Single and double side pollshed

SU

Laser marking

Large and small volume

capacities

Crystal Systems has produced high quality sapphire
by the Heat Exchanger Method (HEM) for more than—
30 years. See how our material improves

your nitride yields and performance.

V| N
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X
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CRYSTAL SYSTEMS

27 Congress Street, Salem, MA 01970
Tel: 978-745-0088 Fax: 978-744-5059

www.crystalsystems.com |
. | WE BRING QUALITY TO LIGHT

)

Measure all optical and electrical
parameters of LEDs and other light
sources in conformity to inter-
national standards accurately and
within seconds. With equipment
from Instrument Systems — the
world leader in LED metrology.

INSTRUMENT
SYSTEMS

OPTISCHE MESSTECHNIK

LED Test and Measurement

® Luminous intensity (candela)
@® Luminous flux {lumen)

@® Dominant wavelength {(nm})
@® Color coordinates {x, vy, z)

@® Spatial radiation pattern

phone +49 89 45 49 43-0
iInfo@instrumentsystems.de
www.instrumentsystems.de
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Vishay 30° LEDs give up
to 4 cd luminous intensity

Four new high-intensity 30° LEDs have been
introduced by Vishay Intertechnology. The
TLCx52xx series are clear, non-diffused,
5 mm LEDs featuring an untinted plastic case,
together with a lens and viewing angle (£15°
angle of half intensity) optimized to provide
the greatest light output and visibility. The
TLCR5200red (616 nm)and TLCY 5200 yel-
low (590nm) LEDs are AlGalnP-based
devices, and offer a typical luminous inten-
sity of 4000 mcd at a forward current of
50mA. The TLCTGS5200 true green (525 nm)
and TLCB5200 blue (470 nm) nitride-based
LEDs provide luminous intensities of 2000

‘UISHAY INTERTECHNOLOGY

rent of 30 mA. The AlGalnP and nitride LEDs
can withstand ESD voltages of 2 and 1 k'V,
respectively, and are rated for junction tem-
peratures of 125 and 100 °C, respectively.

The Right Choice
The Intelligent Choice

Intelli

Intelligent Epitaxy Technology, Inc.

¢ Pure-Play Epi Foundry

¢ Industry's First Production
1 x 4inch InP Epi
Capabilities

¢ Real-Time In Situ Growth

Sensor Technology
¢ Your Partner in Production

and Advanced Epitaxy

We supply the following best-valued epi wafers -

GaAs-based ( 7 x 6inch available)

-PHEMT
-HBT
-MHEMT

InP-based
-HBT (C-doped, Be-doped, GaAsSh)

-HEMT
-RTT, RTD

Opto-electronics. . .
-VCSEL (Short and Long Wavelength)

-PIN
-Lasers (980 pump lasers, QD)

-AWIP

1250 E. Collins Blvd. Richardson, TX 75081
Tel: 972-234-0068 « Fax: 972-234-0069 « E-mail: info@intelliepi.com * www.intelliepi.com
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Vishay has introduced a series of nine

and 700 mcd, respectively, at a forward cur- miniature SMD LEDs in packages
measuring just 2.3x1.3x1.4mm. The LEDs

feature a 120° angle of intensity and have a
brightness of up to 120 mcd for yellow and

orange AlGalnP-on-GaAs devices.

compoundsemiconductor.net

- Sanyo supplies blue
-and white LEDs

Sanyo has a introduced a new range of blue
and white LEDs. The white LEDs combine
A blue InGaN chip with a phosphorus filter in
 the lens of the LED, producing a cool white
~ light (high color temperature). The white
~ devices range 1n intensity from 0.2 cd with a
divergence angle of 150° 1n a 3 mm package
up to 3.0 cd at 25° in a 5 mm package. The blue
[LEDs range in intensity from 0.35 cd with a
divergence angle of 65° in a 3 mm package,
up to 4.0 cd at 25° in a 5 mm package.

'New gel encapsulant

A new optical gel, made by Lightspan, 1s a soft
- encapsulation material designed to protect
HB-LEDs from mechanical shock, thermal
shock, dust and moisture. LS-3357 1s optically
' clear from the near UV to the near IR, has a
refractive index of 1.57. and cures 1n 6 h at

100°C s orunderl-hiat 150 °C.,

Control your stress.

Real-time, high resolution thin-film stress

monitoring in 1 or 2 dimensions.
» Flexible design allows for single or dual port mounting.

* Proven on sputtering, evaporation, CVD and MBE systems.

* Compatible with substrate rotation.
* New! Realtime deposition rate monitoring for
semi-transparent films.

R k-Space (

| Multi-beam Optical Sensor
phone 734.668.4644 fax 734.668.4663 info@k-Space.com

k-Space Associates, Inc.
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Vitesse acquires Multilink

Vitesse Semiconductor 1s to acquire struggling
Multilink Technology of Somerset, NJ, a fab-
less supplier of digital and mixed-signal ICs
for optical communications, in a stock-based
deal. Vitesse will exchange 4.2 million shares
for Multilink’s assets, valuing the deal at
about $23 million. The transaction should
close 1n the third quarter of 2003.

Multilink, which was targeting its products
at long-haul and metropolitan networks, has
suffered from dwindling revenues since the
recession 1n optical communications took
hold. For 1ts March 2003 quarter, the company
reported losses of $12.2 million on revenues
of under $1 million.

“This acquisition brings a highly experi- |
enced team of system, mixed-signal and dig- |

ital design engineers that have successtully
developed products which would cost us more
than the purchase price to reproduce,
[Lou Tomasetta, president and CEO of Vitesse.

The product portfolios of Multilink and
Vitesse are almost all CMOS, although both
companies have some compound semicon-
ductor activity. Vitesse 1s winding down 1ts

6 inch GaAs fab in Colorado, but 1s still
involved in InP and offers a foundry service

from its fab in Camarillo, CA. Multilink hasa | |

stake in German company IPAG, a developer
of InP-based optical receivers and modulators.

Vertilas introduces InP-based

long-wavelength VCSELSs

Vertilas, a start-up based in Munich, Germany,
has announced the availability of long-wave-
length InP-based VCSELSs operating in the
1450-2050 nm range. The devices utilize a
buried tunnel-junction (BTJ) design to enable
low-resistive lateral current confinement and
waveguiding. The BTJ structure also has a
hybrid metallic/dielectric bottom mirror and
an integrated heat sink to assist with the
removal of heat from the InGaAlAs quantum
well active region.

Vertilas was formed 1n late 2001 as a spin-
off from the Walter Schottky Institute of the
Technical University, Munich, and secured
a first round of funding 1n mi1d-2002 (Com-
pound Semiconductor August 2002 p21). The
company 1s targeting two main markets,
namely optical communications and trace-gas
sensing. Vertilas has already demonstrated
10 Gbit/s operation of a 1550nm BTJ VCSEL,
and expects the device to supplant DFB lasers
In applications where power levels of about
| mW are sufficient.

With excellent single-frequency perfor-
mance, long-wavelength VCSELSs are 1deal

VERTILAS

Vertllas IS produc:lng VCSELs N the
1450-2050 nm range for communications
and spectroscopy applications.

light sources for optical spectroscopy appli-
cations. The wavelength of the devices can be |
adjusted by about 3—4 nm by simple current | ©
tuning, allowing the wavelength to be scanned |
near absorption lines of interest. These include
water vapor at around 1.8 um, methane and |

ethane at 1.68 um and carbon dioxide around

2 um. Other advantages of VCSELs include |

fast tunability for time-resolved measure-
ments of combustion processes, and low oper-
ating current for low power consumption.

Essient oi
goes under

Essient Photonics, a Scottish company devel-
oping integrated optoelectronic devices based

has gone into liquidation. All the company’s |
equipment from its facility in the Strathclyde
Business Park was offered for auction at the |
end of June. The company was awarded a |

$7 million funding round 1in March 2002
(Compound Semiconductor May 2002 p29),

said
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around resonant tunneling diode structures  but only received part of the money since it |
(Compound Semiconductor April 2003 p22) tailed to achieve various milestones.

A member of the AIXTRON group of companies
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FIBER NEWS

Irish photonic test
companies merge

Tsunami Photonics Limited, which manu-
factures fast test system software tor photonic
components, has acquired the PXI business
of fellow Irish test company PXIT. Both com-
panies are based in Dublin, Ireland. The
merged company, trading as PXIT, will focus
on providing test solutions for manufacturers
of optical and opto-electronic components,
and has also received an investment in excess
of $1.5 million. Venture capital company
Delta Partners led the investment round,
together with Enterprise Ireland and several
private investors.

Consolidating its commitment to the PXI
(PCI extensions for instrumentation) modu-
lar instrument standard, the company will
combine PXI optical instrument modules,
proprietary technology and powertul analy-
sis software to provide high-speed, cost-
effective optical test solutions (Compound
Semiconductor November 2002 p47).

compoundsemiconductor.net

Products from Mitsubishi, EpiWorks and Multiplex

Mitsubishi introduces
uncooled DFB laser

Mitsubishi has introduced the ML9xx40
series of DFB lasers, enabling 2.5 Gbit/s,
100 km transmission in a 0—85 °C
temperature range. The 1.55 um lasers do
not require temperature control, reducing
size, cost and power consumption. A key
factor is the use of a quarter-wavelength
phase-shifted grating. Samples will be
available in June 2003 and mass
production is scheduled to begin in August
2003 at a rate of 10,000 units per month.

EpiWorks has 1550 nm
InP laser epiwafers

Epiwafer supplier EpiWorks has
announced the availability of a new
capability to produce high-performance
1550 nm InP laser wafers. Typical

production data from customers of
EpiWorks’ AlGalnAs/InP 1550 nm laser
epiwafers include a transparency current
density of 330 A/cm” and threshold current
density of 500 A/cm” (for a 500 um cavity),
with an internal quantum efficiency of 73%.

Multiplex transponder
has40 km reach

Multiplex’s new 300-pin transponder for
40 km links contains a 1310 nm electro-
absorption modulated laser and an APD
receiver. Typically, 40 km transponders
utilize a 1550 nm source laser and a pin
receiver. As aresult, the MTP-13 has a
power of —2 to +2dBm (a 1.5—-2 dB saving
over 1550 nm-based transponders), an
APD receiver sensitivity of better than
—24 dBm at a bit-error-rate of 1E-12, and
provides a system margin of at least 20 dB
for 40 km, 1310 nm applications.

BANDWIDTH
SEMICONDUCTOR

With a cohesive and complete team of professionals, Bandwidth Semiconductor continues fo 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.

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

® GaAs and InP-based materials

e 2" 3" 4" Custom Epi-Wafer Capability
® Excellent Uniformity & Reproducibility
® Production & Development Quantities

(603) 595-8900

Epitaxial and Foundry Inquiries: sales@bandwidthsemi.com
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Foundry Services

We design the process steps and conditions to

meet the desired device characteristics and
Jarucess in our fab. Process

s:

implement the
equipment inclu

¢ Metallization
e Wet & Dry Etch

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

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

www.bandwidthsemi.com

Optical Reference Systems Litd
Intec House

Parc Menai

Bangor

LLS57 4FG

Tel: +44 (0)1248 672603
Fax: +44 (0)1248 672601
Email: enquiry @ors-1td.com
Web Site: www.ors-Itd.com

EpiEYE©

The most advanced epi-monitoring
system in the world.

Immediate and automatic analysis
of reflectance data from all
materials on any reactor.

'''''''''''

RIDGO

rotation.

EOE M/F/D/V

Rapid Intelligent Data Gathering.
Enables the EpIEYE2000© series
of reflectometers to surface profile
every wafer in any make of
MOCVD or MBE chamber in real
time, even those with gas driven

Control made easy
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GaAs NEWS

RFMD remains at top of

compoundsemiconductor.net

revenue league for PAs

Gartner Dataquest’s annual look at positions
in the market for wireless handset PAs reveals
that RF Micro Devices (RFMD) and Skyworks
outstripped the competition in 2002. REFMD
was the number one PA MMIC supplier, push-
ing Motorola off the top spot, and the number
two module supplier with a total revenue 1n
2002 of $376 m. Skyworks, with a total PA
revenue of $291 m, was the leading module
supplier in 2002 with $275 m and 32.7% mar-
ket share for modules, just ahead of RFMD
with $271 m and 32.3% module market share.

The report Wireless Communications Semi-
conductor Competitive Market Shares for
2002 also highlighted the significant shift
from selling MMICs to ready-assembled PA
modules as suppliers seek to add value and
lower costs for wireless OEMs. The PA
MMIC market declined from $387.2 m in
2001 to $249 m 1n 2002, with only RFMD reg-
Istering an increase 1n 1ts revenue in this sec-
tor, up 9.4% to $105 m 1n 2002.

By contrast, the PA module market
expanded by 86% from $451 m 1n 2001 to
$840 m in 2002, helping to push the overall
PA market from $838.9m in 2001 to $1.09 bn
in 2002. Modules accounted for 34% of the
PA market in 2000, 55% 1n 2001 and 83% 1n
2003. RFMD and Skyworks together
accounted for 65% of the module market in
2002, growing their module revenues by
122% and 83% respectively.

The most impressive growth came from
Philips and Anadigics, which occupied the

GARTNER DATAQUEST

PA module and MMIC markets

PA MMIC market 2002 - $249 m

;

other companies RF Micro Devices

Skyworks
Raytheon

Motorola

PA module market 2002 - $840 m

other companies
Anadigics

Skyworks

Philips
Hitachl

— RF Micro Devices

number four and five module slots respec-
tively 1in 2002. Philips’ module revenue
climbed from $11 m to $50 m, and Anadigics
grew 1ts module revenues from $10 m to
$40 m. Hitachi, the world’s leading LDMOS-
based PA supplier, grew its module revenues
by 40% to $196 m 1n 2002. However, 1ts mar-
ket share declined from 29% 1n 2001 to 23.3%
in 2002, and 1t lost the number two module
position to RFMD.

EpiWorks and partners complete

InP/GaAsSb HBT epiwafer project

Ep1Works, a developer and manufacturer of
epitaxial wafers, has successfully completed
a collaborative research project to develop the
growth of carbon-doped GaAsSb. Epichem
supplied the growth precursors for the project
and InP substrates were supplied by InPact.

The project’s goal was to obtain carbon-
doped GaAsSb layers suitable for the base
region of DHBTs. This required the layers to
have a majority carrier mobility greater than
40 cm~/Vs for a doping level greater than
7 x 10"”/cm”. Carbon doping levels above

COMPOUND SEMICONDUCTOR JULY 2003

8 x 10"”/cm” were also demonstrated. The
process was developed 1n a production-style
MOCVD system, with a capacity of eight 3 or
4 inch wafers. The single-layer cross-wafer
non-uniformity was less than 2% as deter-
mined by contactless resistivity measure-
ments. DHBTs with GaAsSb base layers are
attracting interest because of their potential

— e — —

use 1n high-speed digital ICs and tor military |

applications. The type Il band line-up in InP/
GaAsSb DHBTs allows operation at high
speed and high current densities.

If you need
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With EpiTT the future
of GaN epitaxy has
never been brighter

EpiTT is the newest development in
LayTec's line of unique in-situ epi-
taxy monitoring tools. It has been
especially developed for maximiz-
ing yields in mass production GaN
environments. Features include

measurement of real-time growth

 rate and true wafer temperature.

_Tel.:

LayTec GmbH
Helmholtzstr.13-14
D-10587 Berlin - Germany
+49 (30) 31 8082 36

+49 (30) 3180 82'37
info@laytec.de

Fax: .
Email:

www.laytec.de

No Surprises!
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Proven Technology for Demanding Materials
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From spintronics research to GMR device production

DCA thin film deposition systems are leading the way forward.
Through our expertise in Molecular Beam Epitaxy, UHV
sputtering, lon Beam and Pulsed Laser Deposition we can
provide technology for the most demanding thin film processes.
Whether it is for custom design R&D system or a turn-key
production system DCA has the right solution.

Dr. Scott Chambers, Pacific Northwest National Laboratory (PNNL)

For your nearest representative
piease visit our web site at: www.dca.fi
or email us at: info@dca.fi
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Taiwanese GaAs IC foundry WIN Semicon-
ductors has formed a strategic alliance with
RF Integration of Lowell, MA, to design and
manufacture GaAs MMICs. RF Integration
designs and manufactures RF and mixed-
signal products for wireless communications.

Using RF Integration’s RF/mixed-signal
design expertise, the companies will work
together to provide complete solutions that
require MMIC designs, which will be man-
ufactured using WIN’s broad portfolio of
GaAs wafer fabrication processes.

Products will range from MMICs with sin-
gle functions, such as PAs, attenuators or

Anadigics receives wafer patents

Anadigics has received two new patents relat-
Ing to the improvement of its semiconductor
manufacturing processes. The patents are for
anewly developed water demount gas distri-
bution tool (US patent number 6,470,946) and
for a wafer demount receptacle for separating
a thinned wafer from 1ts mounting carrier (US
patent number 6,491,083).

During processing, wafers pass through a
number of steps, which involve exposing
them to potentially aggressive conditions such

WIN and RF Integration form a
strategic manufacturing alliance

GaAs NEwWS

switches, to integrated solutions, such as com-
plete transceivers. Through this collaborative
supply chain, both companies can support
customers from system specification to chip |
manufacturing. |

“Our 6 inch GaAs HBT and HEMT pro-
cesses are tuned for affordable mass produc-
tion of MMICs 1n high-volume applications,
such as handset PAs and switches, to high-
frequency and high-performance compo-
nents, such as broadband amplifiers and
77 GHz automotive radar MMICs,” said |
Simon Yu, WIN’s general manager of North
American and European sales.

as chemical processes, physical contact, and
large ranges of pressure and temperature. The
wafers are mounted onto carriers, which pro-
vide support and stability during processing,
at the completion of which they need to be
demounted, a step that can result in delicate
wafers being damaged. Anadigics’ wafter gas
demount distribution tool will be used during
the demounting process to help aid the sepa-
ration of the wafer from the carrier, reducing
the risk of damage.

New products |

@ Sirenza Microdevices has unveiled its
prototype 60 GHz InP TIA, fabricated
using GCS’ InP HBT process. The TIA
achieves 36 dB of differential gain and
60 GHz of bandwidth while consuming
only 271 mW of DC power. The achieved
transimpedance-bandwidth product per
DC power of 797 GHz/mW 1s four times
greater than prior state-of-the-art results.

® Mitsubishi Electric has developed a new
76 GHz MMIC chipset for automotive
radar. The GaAs PHEMT chipset consists
of a three-channel antenna switch MMIC,
five transmitter MMICs covering 19, 38
and 76 GHz, and two recetver MMICs. The
76 GHz transmitter produces 30 mW of
output power. The receiver LNA exhibits
less than 3.5 dB of noise, with a maximum

4.5 dB noise figure between —40 and 100 °C.
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IceFyre selects

TriQuint process for
WLAN PA production

[ceFyre Semiconductor, a fabless provider of
wireless LAN products, has selected |
TriQuint’s 0.5 um, GaAs PHEMT process
technology to fabricate IceFyre’s switch-
mode 802.11a/b/g PA products. The company
will use TriQuint’s process and production
capacity to deliver the PA element of its
SureFyre 802.11a and TwinFyre 802.11a/b/g
system solutions. IceFyre uses its patented
orthogonal frequency division multiplexing
technology 1n the SureFyre 802.11a and
TwinFyre 802.11a/b/g products. This results
in up to 75% less power consumption than
alternative products, and delivers twice the
output power with improved receive sensi-
tivity and transmit signal linearity, to achieve
50% greater range at all 802.11a/g data rates. 1

Manutacturer
of Molybdenum
Components for MBE.

Specialized Cleanin
& Degassing available

RABOUTET S.A.

250, av. lovissArmand - Z.|. des Grands-Prés
BP.31-F 74301 CLUSES Cedex - FRANCE
Tel. : 33({0)4 5098 15 18-Fax 33 (04 5098 Q2 5/

e-mail : info@raboutet ir - hitp://www.raboutet fr

Representative office in : BOSTON
Component Sources Int'l, Inc.

Steve DOQODY - Tel. (508) 485 - 59090

email : steved@compsources.com
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The world’s largest
supplier of

s)ied Juawaddejday AAION ® I

 Purchase the highest quality
replacement MBE and MOCVD
parts without an OEM mark-up

* Schwarzkopf Technologies Corporation
(STC) is the US affiliate of Plansee, the
world largest refractory metals
company

» STC, together with Plansee, is the
leading supplier of Ta, W and Mo
refractory metal replacement parts
and materials for use in MBE and

MOCVD

SCHWARZKOPF TECHNOLOGIES Corporation
115 Constitution Blvd * Franklin, MA 02038
Phone: 508-553-3800 ext 222 - Fax: 508-553-3823
Toll Free: 800-STC-MOLY (800-782-6659) ext 222
www.stcmetals.com

E-mail: stc.sales@stc-ma.com

SCHWARZKOPF

A PLANSEE Affiliated Company

French research organization CEA has filed
for a reissue of US patent number 5,374,564,
which is licensed exclusively to French SOI
wafer maker Soitec and forms the basis of
Soitec’s comprehensive Smart Cut technol-

- ogy portfolio. The patent was the subject of a
' legal argument between Soitec and its com-

petitor, Silicon Genesis. In April 2002, a jury
found that a number of the patent’s claims

Soitec hopes for reissue
of Smart Cut patent

were invalid (Compound Semiconductor June
2002 p32).

SILICON COMPOUNDS

If granted, the reissued patent will include
revised claims to clarify the Smart Cut process
using hydrogen or helium 1ons in the implan-
tation step to achieve layer transfer. These
claims, which will have the same priority date
as the original patent, will provide additional
protection for the Smart Cut process.

SiGe samples WLAN front end

SiGe Semiconductor is sampling what 1t
describes as the industry’s highest-perfor-
mance, most cost-effective RF front end for
dual-mode 802.11b/g WLAN systems. The
RF front end integrates a high-performance
power amplifier, power detector, transmit/
receive switch, diversity switch and filtering
Into a compact chip-scale device that is fully
matched to 50 Q2. It 1s priced at less than $2 per
unit 1in quantities of 1 million units. The

SE2526A consumes just 160 mA 1n 802.11g

- mode operating from a single 3.0-3.6 V sup-
. ply, and delivers +16 dBm of output power. In

802.11b mode, it delivers +20 dBm output
power with an ACPR below —35 dBc.
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The SE2526A WLAN front end replaces up
to 40 components, and is supplied in a

9.9 x7.0x1.4mm laminate package.

Toshiba announces
CMOS milestones

Toshiba announced two new process devel-

ogy manufactured using SOI wafers.

Using HfS1ON, Toshiba developed a S0nm
gate-length CMOS transistor with a gate leak- |
age current of only one-thousandth that ofa |

device with a conventional S10, gate dielec-

; tric. New dielectric materials such as HfFSiON

are required for future CMOS generations, in
which the gate dielectric gets progressively

- thinner if S10, is used, leading to larger gate |

leakage currents.
Toshiba has also taken steps to increase the

- transistor processing speed in memory ICs by
- developing embedded DRAM system LSIs
. on silicon-on-insulator wafers.

UMC describes
strained Si process

At the recent VSLI Symposium, UMC
 opments at the VLSI Symposium in Kyoto, |

' Japan. One is a new high-k gate dielectric,

~ HfSiON, for 65 nm CMOS, while the otheris |
the world’s first embedded DRAM technol-

described the speed enhancement provided

. by strained silicon technology, using wafers

supplied by AmberWave, 1n i1ts high-perfor-
mance CMOS foundry process. UMC has
demonstrated a 70 nm strained silicon tran-
sistor with a speed enhancement of over 10%.

“UMC s strained silicon process ofters an
alternative path to realize performance 1m-

- provements without aggressive gate-length

shrinkage,” said S W Sun, VP of UMC’s cen-
tral research and development division. “We
believe many of our foundry partners will ben-
efit from this enabling technology in the future.”

UMC 1s working with AmberWave to
enhance p-channel transistor performance,
improve strained layer defect density, and
decrease substrate costs associated with this
strained silicon technology:.
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EMF have developed the most
Advanced Closed Loop MOCVD System

The next logical step in MOCVD Innovation

Titan’s Cell P
The Development team at EMF

employed the latest CFD computer
modelling to design a cell with
ideal flow dynamics:

e Uniform deposition results in
higher yields
e Atmospheric operation

minimises precursor
consumption

» Load Lock option for increased
throughput

 |IR lamp heating for rapid
temperature cycling

e Ergonomically designed, the
multi screen console controls all

aspects of the digital closed
loop system

e Dynamic measurement of
growth rate and layer thickness

for true Closed Loop Control
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Titan’s Control
Growth parameters and reactor are

instantly accessed via the
touchscreen virtual keyboard:

e Large area interactive mimic for

ease of viewing and instant
access of all process parameters

e Constant process monitoring
with automatic error correction

e Full Digital operation for
reproducible process

MO flow rate control for
consistent process

* Remote system diagnostic for
improved uptime
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EMF Limited Unit 5, Chesterton Mills, French’s Road, Cambridge. CB4 3NP, England
Telephone: +44 (0)1223 352 244 Facsimile: +44 (0)1223 352 444
Email: mocvdsales@emf.co.uk Web: www.emf.co.uk

EMF is dedicated to the IlI/V industry and the Chemical Division can also supply
a range of group lll and V precurors.
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While new processing
technologies ensure that InP
microelectronics will keep
getting faster, new compounds
are displacing InP as the
material of choice for some

long-wavelength lasers, writes
Jon Newey.

his year’s Indium Phosphide and
I Related Materials (IPRM) conference
took place on May 12—-16 in Santa
Barbara, CA. The Santa Barbara area has a
distinguished history in InP and other com-
pound semiconductors, with anumber of uni-
versities and companies active in the field
located nearby.

[t has been a tough couple of years for those
involved in InP, with the collapse of optical
communications infrastructure spending
meaning reduced demand for long-wavelength
emitters and a limited uptake of InP micro-
electronics. In the current cost-conscious cli-
mate, 1t 1s often argued that InP 1s too
expensive and that its use should be avoided
unless absolutely necessary. Even InP’s
monolithic integration capabilities are being
pushed to one side in favor of using InP with
other materials in hybrid solutions. Given this
situation, 1t was perhaps not surprising that
there was considerable emphasis at the meet-
ing on the related materials aspects, where
alternatives to InP were discussed. The ses-
sions on lasers included much on dilute
nitrides and in the microelectronics area there
was considerable discussion on metamorphic
HEMTs. Both of these technologies rely on
GaAs instead of InP substrates. However,
right from the opening session it was clear that
InP has some powerful backers, and that there
are applications where nothing else will do
the job well enough (figure 1).

The opening session of three plenary talks
gave an overview of a range of subjects,
including InP opto- and microelectronics for
the recovering telecom industry and InP HBT
mixed-signal circuit technology. Henning
Riechert of Infineon discussed the status of
1300 nm VCSELSs and the various approaches
being taken to fabricate them. He concentrated
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InP battles to beat the slumj

compoundsemiconductor.net

TFAST program goals

Metric ' % Pre-program Phase 1 ' Program goal
emitter width (um)® 1.0 : 0.25 S0 ee

i (GHE1Z)7 200/200 (typical) 350/400 500/500
current density at fixed Ve (KA/cm?)* <200 500 1000

flip-flop speed at ﬂxeg power (GHZz) e 180 T, 2005 e
super-scaled integrated transistorcount O 1000 20,000

*with BVCED >4V

Table 1. The TFAST program calls for the super-scaling of InP HBTs and high integration
levels to keep InP IC performance ahead of SiGe in terms of speed and power.

mainly on devices with GalnAsN active
regions, as this is the route Infineon has cho-
sen and refined for its recently announced
volume production of 1300 nm VCSELS
(Compound Semiconductor May 2003 p17).

InP HBTs

Historically it has often been a military need
that has pushed compound semiconductor
technology to new levels of performance, and
InP HBTs are now benefiting from the atten-
tion of a DARPA program called Technology
for Frequency Agile Digitally Synthesized
Transmitters (TFAST). The program manager,
John Zolper, described the challenging scal-
ing and integration issues that InP HBT tech-
nology faces in its quest to stay ahead of
aggressively scaled S1Ge bipolar technology.
InP HBT technology has relied heavily on ver-
tical scaling and design to push its perfor-
mance along, but this 1s no longer enough.
S1Ge HBTs with 0.18 um emitters have
demonstrated a peak f, of 350 GHz with a cur-
rent density of 20 mA/um?, although BV ¢,
was just 1.4 V. This performance comes from
processing technologies that reduce the extrin-
sic base-collector capacitance and extrinsic
base and emitter resistance. TEFAST calls for
super-scaled InP HBT technology that will
keep InP ahead of S1Ge 1n speed and power
by using many of the scaling approaches
employed for S1iGe HBTs. InP DHBTSs have
many attractive features that will help meet
military requirements for mixed-signal cir-
cuits such as DACs and ADCs. Devices are
required that can directly generate millime-
ter-wave frequency signals over a large range
of signal levels. The desired outcomes of the
TFAST program are summarized in Table 1.

Yingda Dong from the University of

California, Santa Barbara (UCSB) reported

on the selective area growth (SAG) of InP
through narrow openings in an S10, mask on
InP, and also showed the DC characteristics
of HBTs fabricated using the SAG material as
the extrinsic base region. By tabricating S10,
stripe masks arranged radially on an InP sub-
strate with various widths for the SAG open-

Ings, it was possible to establish the degree of

InP lateral overgrowth onto the S10, as a func-
tion of the width of the opening and its angle
of deviation from the (110) direction (figure 2).
Dong described a device structure where the
base mesa is etched down to the subcollector,
leaving a narrow base shoulder. S10, 1s
deposited to surround the collector pedestal,
defining an intrinsic base-collector junction
area slightly larger than the emitter-base junc-
tion, thus minimizing base-collector capaci-
tance. The 0.6 um base shoulder provides the
opening for extrinsic base selective growth
and overgrowth onto the S10, (figure 3).

The DC pertormance of the prototype
regrown devices showed a DC gain of 15 at
a Vgc of 1.5V, and the 1deality factor for the
base current was 1.93. This high factor was
attributed to excess base current resulting
from surface damage prior to the regrowth,
and interface degradation during the regrowth.
Work 1s now under way to improve this, and
Dong hopes to be able to report RF charac-
teristics once further efforts are made to reduce
process-related damage and improve the qual-
ity of the selectively grown material.

R Kopf of Bell Labs discussed the planar
processing of InP DHBTs by 1on implantation
as a way of overcoming the heat dissipation
problems that may arise in the large-scale inte-
gration of mesa HBTs. InP has a higher ther-
mal conductivity than InGaAs, and using an
1on-implanted InP subcollector reduces ther-
mal impedance by a factor of 10 for high cur-
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Fig. 1. Sirenza’s prototype 60 GHz TIA used
GCS’ 0.1 um InP HBT processing technology.

rent density operation. By selective implan-
tation the extrinsic base-collector capacitance
can be eliminated.

Implanted semi-insulating InP substrates
were annealed at various temperatures to
establish a safe upper temperature limit, which
was set at 850 °C. DHBT structures were
grown on the as-implanted and annealed sub-
strates, and for comparison a device with a
400 nm InGaAs subcollector was also grown.
The DC characteristics of the implanted col-
lector devices and the InGaAs collector
devices were nearly identical, demonstrating
that the first steps towards a fully planar InP
DHBT had been successfully taken.

The type-II band alignment provided by
InP/GaAsSb HBTs provides a solution to the
current blocking problem in InP/InGaAs
devices. S Y1 of Agilent described the MOVPE
and GSMBE growth of InP/GaAsSb DHB'Ts
with carbon as the base dopant, although at
the end of his talk there was no clear decision
on whether one growth technique was better
than the other. The hole mobilities for a given
carbon concentration were generally higher
in the MOVPE grown material. This effect
1s thought to be a result of the difference 1n
surface ordering due to the variation between
the two techniques in the growth parameters
such as temperature and the precursors used.
Hole concentration also depends on the Sb
mole fraction, and for MOVPE, concentra-
tions above 10*’/cm” were only achievable in
Sb-rich growth conditions, whereas for
GSMBE, lattice-matched growth conditions
gave hole concentrations of above 10°’/cm’.
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UCSB
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Fig. 2. The overgrowth of the extrinsic base
depends on the opening and its orientation.

Typical transistors fabricated at Agilent have
base and collector ideality factors of 1.04 and
[.14 respectively, indicating the good quality
of the heterojunctions grown by either tech-
nique. Devices with BV g 0f 7-10 V and a
turn-on voltage of 0.46 V at 1 A/cm” have been
demonstrated, and for devices with 1 x 9 um’
emitters, an f, of more than 210 GHz has been
achieved. ICs of several hundred transistors
have been fabricated, and static divider cir-
cuits operating at 70 GHz demonstrated.

InP HEMTs

InP HEMTs hold the records for the fastest f,
and f . values of all the different transistor
families. Currently the record 1s with
researchers from Fujitsu Labs, who 1n 2002
reported 25 nm gate PHEMTs with a gate-
channel spacing of 4 nm operating with an f,
of 562 GHz (Compound Semiconductor
December 2002 p10). There were no record-
breaking announcements (or what Zolper
called “hero results™) at this year’s IPRM, and
much of the content dealing with HEMTs con-
centrated on new processes to make the difti-
cult task of fabricating small gate-length
devices faster and reproducible. This included
work from Seoul National University on a
highly reproducible dielectric sidewall gate
process, and the fabrication of high-density
(8.3 x 10" channels/cm), sub-50 nm wide
channels by Fujitsu Labs. The session dedi-
cated to HEMTs featured several talks on
metamorphic HEMTs, including MHEMT-
based LNAs from the Fraunhofer Institute
with 70 nm gates and 80% In in the channel,

UCSB
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Fig. 3. The completed InP HBT, which
features a regrown extrinsic base region.
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and a talk from Katherine Herrick on the
W-Band power MHEMTs developed at
Raytheon RF Components, which also offers
an MHEMT foundry service.

A joint paper from Rockwell Scientific
Company and UCSB reported a significant
improvement in the f_ . values obtained from
InAs/AlISb HFETs grown onto GaAs sub-
strates. These HFETs are of interest because
of the high mobility (>25,000 cm®/Vs), satu-
ration velocity (4 x 10’ cm/s) and good carrier
confinement due to the band offset between
[InAs and AISb. The main disadvantage of
these devices 1s the limited power gain and
low breakdown voltage due to the narrow
bandgap of the InAs channel. The presenta-
tion focused on the use of InAs/AISb HFETs
for low-voltage operation (<0.5 V4,) with
0.25 um devices showing f, and f_ ., both of
|60 GHz, well above the 120 and 100 GHzZ
reported 1n the past. This was largely
achieved through the vertical scaling of the
previous design.

Dilute nitrides for long wavelengths

InP-based lasers could be described as a
mature technology, and so 1t was perhaps not
surprising that there was little content at the
meeting directly related to these devices.
There was some time devoted to the mono-
lithic integration of different optical functions
such as lasers and modulators using InP, and
also to the field of quantum dot emitters. Much
of the discussion about long-wavelength
lasers was devoted to the dilute nitride alter-
natives to InP and also to the pentenary com-

21



COVER STORY
INDIUM PHOSPHIDE

pound GalnNAsSb. This complex compound
has attracted researchers because of the large
parameter space for bandgap and lattice strain
engineering that it presents for optimizing
long-wavelength laser performance.

In one of two invited talks on the subject of
GalnNAsSb-based long wavelength lasers,
James Harris of Stanford University,CA,
described in detail the growth and physical
and optical properties of GaInNAsSb. In the
second talk, H Shimizu of Furukawa Electric
expanded on this theme by discussing the
growth of GaInNAsSb and its practical appli-
cation to 1300 nm edge-emitting lasers and
VCSELs. The major challenge in using
GalnNAs for lasers 1s the drop in photolu-
minescence (PL) intensity and optical power
as the amount of nitrogen 1s increased to
increase the emitted wavelength. The addi-
tion of Sb (<2%) during the growth of
GalnAsN quantum wells (QWs) improves the
crystalline quality of the wells by suppress-
ing 3D growth. Shimizu described the sys-
tematic study carried out by his group into the
effect on the QW quality and PL intensity and

FURUKAWA ELECTRIC
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Fig. 4. TEM cross-sections of dilute nitride SQW lasers. The GalnNAs QW in (a) shows 3D
growth. The GalnNAsSb QW in (b) was grown with 107° Torr Sb flux and shows 2D growth.

wavelength of varying the Sb flux during
growth by GSMBE (figure 4). To increase the
wavelength required an increase 1n the nitro-
gen content of the well, which in turn reduced
the PL intensity. This was due to increased
strain between the QW and GaAs barriers,
which required the addition of N to the GaAs
to relieve the strain.

Increasing the number of QWs increases
the gain and reduces the threshold current (J,;,)
of the laser. Because of the strain in GaInNAs/
GaAs QWs, the maximum number of wells

reported to date has been four. Shimizu’s
group has successtully fabricated lasers with
five wells using GaNAs barriers and Sb in the
wells to promote better crystal quality. The
group also holds the record for the lowest
J. per well of 150 A/cm? for its 3 QW device,
and 160 A/cm? for a 5 QW device. Shimizu
went on to describe the fabrication of VCSELSs
from the material, achieving the best to-date
simultaneous low threshold voltage of 1.2V

and low differential resistance of 60 {2 for a
L3 mVESEL: @
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LIGHTFAIR INTERNATIONAL

LEDs scoop lighting awards

L ED-based lighting systems received numerous awards at the recent LightFair International trade
show, demonstrating the importance of LEDs to lighting designers, writes Kate Conway.

apturing numerous awards, LEDs

attracted crowds of admirers at the

LightFair International 2003 trade
show, held in May in New York City and
attended by more than 19,000 people. At least
10% of the 600 exhibitors featured LED light-
ing products. As a measure of how pervasive
[LEDs were, Lumileds’ Luxeon products could
be seen 1n nearly 50 innovative products
shown by more than 25 companies.

TIR Systems’ Destiny Colorwash, a color-
changing luminaire that provides a wash effect
for accentuating and modeling architectural
structures, won the Best New Product award
as well as the Flood and Facade Lighting cat-
egory award. Also honored was Nichia, which
won the Technical Innovation and Specialty
Lamps awards for its model NSPL510S warm
white LED. By combining a new red phos-
phor with a YAG phosphor, Nichia has
brought the lamp’s correlated color tempera-
ture into the 2500-3500 K range (figure 1).

Modular line-up

At LightFair, designers saw a full array of
building blocks with which to create colorful
coves, edges and other slim-profile architec-
tural features. Osram Opto Semiconductors
introduced Color Mix LED dimmable sys-
tems coupled with Optotronic power supplies
and OTDIM dimming modules, with optional

snap-on Linearlight optic lenses.
[Luminous wall-mounted fixtures add visual

accents to long hallways, meeting rooms and
atria. Traxon’s Mood Light enables designers
to group square modules, each containing four
translucent units with controllable LED color,
into any desired configuration. The units are
activated by an infrared remote control, have
pre-programmed sequences, and can be syn-
chronized with music. The Mood Light
received a Roeder Award, in memory of a
lighting designer well known for his colortul,
dynamic installations.

Grouping or sequencing units 1s also pos-
sible with Io Lighting’s tiles and planes.
Purchasers can specify these anodized alu-
minum squares and rectangles with LED

COMPOUND SEMICONDUCTOR JULY 2003

NICHIA

Fig. 1. Warm white LEDs from Nichia
provide light with a similar appearance to
that from incandescent bulbs.

ILIGHT TECHNOLOGIES

Fig. 2. The flexible Plexineon system (inset)
can provide blue accent lighting (main
picture), as well as replacing neon tubes in

other applications.

backlighting, luminous cube or luminous
pyramid inserts, or linear step lighting inserts.
[Louis Poulsen Lighting expanded its LED
product lines with in-ground and accent lights
in a wide variety of styles suitable for archi-
tectural and landscape projects.

Neon tubes have become ubiquitous for a
variety of lighting and signage applications,
particularly where shapes and curves are
required. However, a number of manufactures
are using LED systems to replace neon. One
1s 1L1ght Technologies, which presented its
Plexineon product (figure 2). This 1s a pro-
grammable, modular linear system that can
be shaped on-site into gentle waves or arcs, or
factory-shaped to form letters and tighter
curves. Plexineon contains LEDs housed in a

durable plastic composite. It operates at low

compoundsemiconductor.net

voltages with minimal power draw, 1s cool to
the touch, and has a lifetime of up to 180,000 h.

Bruck Lighting Systems showcased Orion
Belt, with LEDs embedded in a flexible,
transparent and UV-resistant PVC carrier.
Bruck also produces pin-base, screwbase and
recessed-mount LED lamps. Meanwhile,
Modular International displayed sleek,
brushed aluminum luminaires with a choice
of 12,24 and 120 V LED systems.

Dramatic DMX luminaires

Colors enhance the drama 1n any space. The
DMX control protocol enables designers to
use software to assign specific colors, dim-
ming, and sequences of effects to particular
luminaires. Conjuring up exactly the right
color becomes easier with new theatrical-style
LED luminaires, such as the Droplet from the
Dutch company, Xilver BV, winner of the
Theatrical and Entertainment Lighting award.
The egg-shaped design and silently operating
pan-and-tilt head swivel attention towards any
object 1t illuminates.

Another Roeder Award went to Pixeon for
its ColorStream tubes. With RGB pixels encap-
sulated 1in 1 m sections, uniform solid color
effects or patterns can move at varying speeds,
and when linked together, ripple on to the next
tube. Times Square Lighting presented posi-
tionable parabolic aluminized reflector (PAR)
lamps using 180 high-brightness LEDs.

To conserve space and increase installation
flexibility, James Thomas Engineering pro-
vides 1ts PixelPAR and PixelLine products
with remote power supplies. The light source
fits into a housing that would typically hold
an incandescent PAR lamp; the control inter-
face 1s at the back of the housing where a cable
connects to the power supply. Both all-white
and multicolor LED options are available.

Space Cannon Illumination introduced
Metamorphosis, a fixture featuring LED spot-
lights with dimming and strobing capabilities.
The company 1s best known for dramatic
lighting of buildings, and designed the stun-
ning tribute in light at the site of the World

Trade Center towers in New York.
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Fig. 3. The Lightstar LED luminaire contains
two dimmable fluorescent lamps for
primary lighting, together with 80 blue or
white LEDs mounted in twin laminated
glass panels and driven by an invisible low-
voltage power supply.

Suspended light

Chandeliers have long been admired for their
elegance and sparkle, but their typical incan-
descent lamps get hot and burn out quickly.
Mule Lighting liberated the chandelier from

OPTOLUM

LEDs to deliver 800 Im in a 360° distribution.

ceilinged space. Bruck Lighting introduced
Artu, a cylindrical, glass-accented pendant
with a choice of five colors of LEDs.
Seemingly floating on air, Orgatech
Omegalux’s LightStar LED pendant com-
bines hidden fluorescent lamps for uplighting
with LEDs decoratively embedded 1n glass
wings (figure 3). The LEDs are connected via

compoundsemiconductor.net

Inching ahead of incandescent
Festoon lighting adds a decorative edge to dis-
play features in retail environments, theatre
aisles, and throughout entertainment venues.
Ardee Lighting introduced white Clikstrip
LED elements with festoon lamp contacts,
making the replacement of miniature incan-
descents easy. LEDtronics further enlarged
its catalog of LED lamps intended to displace
conventional incandescent sources with
TrackLEDs 1n a standard MR 16 bi-pin base.

Optolum, a developer of white LED-based
lighting products, debuted its first product,
BrightLife-800, which uses 24 Luxeon LEDs
from Lumileds rated at 1.2 W each. The
BrightLife bulb produces 800 Im 1n a 360° dis-
tribution (figure 4). Optolum utilized Lumi-
leds’ new warm white LEDs, which have a
color temperature of 3200 K and a color ren-
dering index of 85. Lumileds plans to release
these products in August.

Shortly after the LightFair show, Optolum
announced the award of 1ts first US patent,

which relates to heat removal from densely
packaged LEDs. US patent number 6,573,536
describes LEDs mounted on an elongated sup-
port that 1s thermally conductive, for exam-
ple a hollow tube through which air can be
passed to assist with thermal cooling.
~ The Belfer Lighting Group’s Radiant
Lighting Solutions LED lines ranged from
pavement and step markers to pool and spa
lights, with additional products for security/
~ off-hours low-1lluminance lighting for muse-
ums and other public buildings. Delaney
Industries’ Envirolux Picture Light requires
only a few watts of input power to illuminate
~ a desk or other surface. With an AC to DC
transformer, either wall-plug or battery oper-
ation 1s possible.
At LightFair 2000, LEDs were still a rela-
‘ tively novel light source to most lighting
designers, and were used primarily in exit
signs, traffic signals and other single-color
- products. Even so, LEDs garnered several
awards at that show, and have steadily won
over more lighting specifiers. Next year’s
exhibitors and attendees will no doubt find
. that LEDs are their best bet in lighting. @

transparent circuitry sandwiched between two
layers of glass, permitting the added effect of
edge lighting.

these burdens with FlameTip screw-base LED
lamps. Pendants are a versatile type of lumi-
naire that can add stylish features to any high-
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GaAs MANTECH

compoundsemiconductor.net

GaAs industry embraces

new technology trends

Despite temperatures of over 100 °F and several no-shows due to the effects of SARS, the
attendees at this year’'s Mantech conference enjoyed a high-quality program covering GaAs and
InP manufacturing technology, as well as wide-bandgap devices and the threat posed by silicon.

his year’s Mantech conference, held
I on May 19-22 in Scottsdale, AZ, was
opened by Dave Aldrich, CEO of
Skyworks Solutions, who described current
trends 1in the wireless market. A key trend is
integration towards modules and subsystems,
which 1s driven by shorter product lifecycles
and a growing abundance of outsourced hand-
set makers. These companies lack RF design
expertise and want to use the lowest possi-
ble number of components.

As wireless companies fight for survival,
the smaller ones can’t afford to pay for R&D
In order to integrate their products, and can
only compete by lowering prices. This will
lead to further consolidation, said Aldrich,
who 1dentified five key areas for survival:
broad design skills; process and packaging
flexibility (figure 1); product breadth and
depth; system-level expertise; and manufac-
turing excellence.

Certain areas of manufacturing need to be
internal, since the merchant market can’t pro-
vide the level of value required. For Skyworks,
these include InGaP HBT and GaAs PHEMT
processes, and module manufacturing. In
other areas, such as low-temperature co-fired
ceramic (LTCC) and S1Ge, Skyworks main-
tains strategic alliances with other companies,
and also has more straightforward foundry
agreements for areas such as CMOS.

Electronic component and system require-
ments are far more stringent for military appli-
cations than in the commercial field. These
requirements include the need to operate in
harsh environments, to process high-rate sen-
sor data in real time and to operate outside
commercial bands, and many others. John
Zolper of DARPA described how the US
Department of Defense 1s funding a number
of programs to develop highly advanced elec-
tronic components. These include the wide-
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SKYWORKS

MOTOROLA

baseband

- DCR
transceiver |

five major handset functional blocks (excl. discretes)

future

future

e ——

RF/baseband

—

baseband

L B

radio in a single package
approach

PA

system-on-chip
approach

Fig. 1. Skyworks is leading the development
of single-package radios with separate RF
and baseband chips. Compared with
system-on-a-chip approaches, single-
package allows more rapid design times,
optimized component performance, and
unlimited flexibility for integration.

boron
(as-grown)

germanium
(as-grown)

boron
(with carbon
after annealing)

boron
(w/0 carbon after
annealing)

boron & germanium concentration

Fig. 2. SIMS trace showing the effect of C
incorporation on B diffusion in a SiGe layer
after a moderate anneal of 1000 °C for 20 s.

bandgap semiconductor imtiative (Compound
Semiconductor November 2002 p43), the
TFAST program to develop high-speed InP
DHBTs (see p20), and the antimonide-based
compound semiconductors (ABCS) program.
This class of materials 1s expected to enable
extremely low-noise millimeter-wave recei-

vers and sub-one V mixed-signal logic, as a
result of their extremely high mobility and sat-
urated electron velocity.

Zolper also discussed the technology for
efficient agile mixed-signal microsystems
(TEAM) program, which aims to exploit the
integration and processing capabilities of
aggressively scaled S1iGe HBTs. The target 1s
to develop complex mixed-signal circuits such
as direct digital synthesizers and analog-to-
digital converters, using S1Ge HBTs that have
already demonstrated f, values of 350 GHz.

Silicon germanium

Also 1n the plenary session, Mark Wilson of
Motorola compared the cost of using GaAs
HBT and S1Ge:C B1CMOS technologies in

a manufacturing environment (see also Com-

pound Semiconductor June 2003 p22). S1Ge

can be produced more cheaply than GaAs for
three main reasons: substrate cost; the lower
cost of running processes in very high-vol-
ume production centers; and the use of 200
and 300 mm wafers. However, GaAs 1s very
well established in the power amplifier (PA)
portion of wireless handsets, and S1Ge:C 1s
actually under threat from 90 nm CMOS,
which could drive S1Ge out of handsets with
the possible exception of the PA driver.
Another paper from Motorola described the
emergence of S1Ge:C HBT technology. The
S1Ge base layer 1s B-doped, and carbon 1s also
incorporated into this layer to prevent the out-
diffusion of boron during subsequent thermal
cycles (figure 2). The paper reviewed Moto-
rola’s 0.35 um and 0.18 um S1Ge:C BiICMOS
plattorms, which enabled first-generation ICs
in the 2 GHz range, and second-generation
devices with frand £, values of 123 GHz for
the 0.18 um version. A high-breakdown
device was also developed, having a DC
breakdown voltage (BV_,,) ot 5.5 V.
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Comparison of discrete power devices

 Size Freq Vdd PAE Pout  Powerdensity Reliability Cost
- (mm) (GHz (V) (%) (@Bm) (W/mm) el
GaAs MESFET OB 120 10 60 970 0.8 high 0.07
HVGaAsMESFET 048 30 25 54 294 1.8 medium  0.03
GaAs PHEMT Gl 106" 9. 55 980 0.8 high 0.13
HVGaAsPHEMT 030 19 12 74 2758 2.0 medium  0.05
Si LDMOS SO0 200 08 S 4e AR 0.6 high 0.02
SiC MESFET B oo L WSS - I = e e i 5.2 ow 0.05
GaN HEMT GaD 2 R85 O B 36 9.4 ow 0.03

Table 1. This comparison for unpackaged die includes a number of assumptions,

particularly relating to the processing cost of wide-bandgap devices. These offer very
high-power densities but no significant advantage in terms of dollars per watt.

High-voltage PAs

While low-voltage operation i1s a key require-
ment in wireless handsets, higher voltages are
readily available in wireless base stations,
satellite ground stations and radar systems.
There are many potential benefits of using
higher voltages for PAs in such systems — for
example, power density 1s usually increased

at a higher voltage, so the device size and
hence the cost can be reduced.

D Miller of M/A-COM 1n Roanoke, VA,
compared various high-voltage transistor

technologies, ranging from GaAs MESFETs
and PHEMTs to silicon LDMOS and wide-

bandgap technologies (S1iC MESFETs and
GaN HEMTs). Table 1 shows some of the
characteristics of discrete power devices,
including those manufactured with newly
developed high-voltage (HV) GaAs tech-
nologies. The S1C and GaN technologies have

compoundsemiconductor.net

the highest power densities, while S1 LDMOS,
the most mature technology, has the lowest.
However, the much higher cost of SiC and
GaN results in a higher cost per watt than
LDMOS. Even so, the price of GaN might be
competitive with LDMOS if factors such as
higher-temperature operation result in a lower
overall system cost.

[t should be noted that the cost figures in
table 1 include some favorable predictions for
cost-related improvements in manutfacturing
for the wide-bandgap technologies in the com-
ing years. Also, the improvements in power
density achieved with the HV GaAs processes

could allow them to compete with low-cost
LDMOS technology.

Compound semiconductors in Asia

The audience enjoyed several talks about the
compound semiconductor industry in various
Asian countries, including China, Taiwan and
Korea. Unable to travel, Yung Liu of ITRI in

Taiwan made his presentation by telephone (at
4.00 a.m. Taitwanese time) while the session

3
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try in Taiwan has been well documented, and
the company 1s one of the top three compound
semiconductor producers after the US and
Japan, according to Liu. In addition to com-
mercial interests, there are a number of ongo-
ing collaborative programs, for example the
Next Generation Lighting R&D Consortium.
A number of partners, including Epistar,
Forepi, Tyntek and OptoTech, are working
towards a target of 50 Im/W for commercial
white LEDs and 100 Im/W for R&D devices.

This year, ITRI’s Optoelectronic Systems
(OES) laboratory launched a nanophotonics
program as part of a $700 million national ini-
tiative on nanotechnology. The project will
feature work on quantum dots and photonic
crystals manufactured in I11-V materials, and
includes a QD laser collaboration with the
[offe Institute, Russia, that has already yielded
[.3 um InAs QD lasers with a single-mode
output of 400 mW. Also in Taiwan, the
$260 million, three-year national Si-Soft
iitiative 1s developing system-on-chip tech-
nology for wireless, processor and optoelec-
tronic applications.

A joint paper from Tokyo Institute of
Technology and NTT Photonics Labs
described InP-related activities in Japan,
which have been hit by the downturn 1n the
communications industry. Almost all com-
mercial activity 1s in optical devices, although
Japan leads the world in InP microelectron-
1Ics, having recorded for example the highest
f. values for both HEMTs (Fujitsu, 562 GHz)
and HBTs (NTT, 341 GHz).

Japan has some of the major suppliers of
[InP substrates, including Japan Energy,
Sumitomo Electric and Showa Denko. While
both Sumitomo and NTT-AT supply InP-
based epiwafers, many laser manufacturers
have internal epitaxy capabilities because
growth 1s an integral part of the tabrication
process tfor DFB lasers. Sometimes the
Japanese business approach can hinder com-
mercialization of new technologies; long-
wavelength VCSELs were developed by
several companies but not released as prod-
ucts because they are potentially competitive
with edge-emitting lasers.

HBTs and MESFETs

Long-term reliability 1s a concern for any
commercial device technology. A team from
Lucent’s Bell Labs reported an InP/InGaAs
DHBT technology with a time-to-failure
exceeding 45 years, and pB-degradation of less
than 20% at a junction temperature of 110 °C
and a current density of 110 kA/cm*. The tech-
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Fig. 3. Schematic of an ion-implanted
MESFET fabricated using a single resist
layer dummy gate process.

Mantech continues to
address new areas of
the compound
semiconductor
industry beyond GaAs
and microelectronics.

nology had f;, and £, values of 150 and
200 GHz, respectively., and BV..., =12°V.

Virginia Tech and Kopin described InGaP/
GalnAsN/GaAs DHBTs with a DC current
gain that 1s almost entirely independent of tem-
perature over the range from —48 to +202 °C.
This behavior appears as a higher collector
current threshold for the onset of negative dif-
ferential resistance in the common-emitter
transistor output characteristic as compared
with conventional GalnP/GaAs HB'Ts.

Although many people assume that
MESFETs have been replaced by HEMTs and
HBTs, certain companies such as Sumitomo
Electric continue to report important MES-
FET developments. The company has devel-
oped an 1on-implanted, 0.18 wum gate-length
MESFET (figure 3), manufactured using its
single resist layer with dummy gate (SRD)
process. The MESFETs had a breakdown
voltage of 7V, an f, of 100 GHz and a transcon-
ductance of 540 mS/mm. This level of per-
formance 1s sufficient to allow the fabrication
of driver ICs for EA modulators.

Packaging

[n a section on advanced packaging tech-
niques, a group from Georgia Tech discussed
system-in-package architectures. These offer
the capability to integrate MMICs with com-
ponents that would otherwise be required 1n
discrete form, leading to miniaturization,
reduced assembly time and lower cost. A
2.4 GHz S1iGe HBT PA module with a har-
monic suppression filter and a via-fed stacked
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cavity-backed patch antenna was imple-
mented on an LTCC substrate. The PA exhib-
ited an output power of 27 dBm at 0 dBm input
with a PAE 0f45% at 2.4 GHz. The group also
described multilayer organic packaging and
demonstrated a C-band up-converter MMIC
integrated with a square patch resonator band

pass filter.

Substrates and epiwafers
Substrate quality, a critical factor for device

performance and yield, was investigated for
both GaAs-based PHEMTs and GaN-based
HEMTs on SiC by Northrop Grumman (for-
merly TRW) and UCLA. X-ray diffraction,
X-ray topography and transmission electron
microscopy were all used. For GaAs-based
PHEMTs, threading dislocations in the sub-
strates act as nucleation sites for misfit
dislocations in the strained-channel layer.
Substrates with lower threading dislocation
densities allow thicker or higher-indium-
content channels.

For SiC substrates, scratches, micropipes
and crystal structures all impact the quality of
(GaN-based epitaxial layers, Scratches can be
removed from the epilayer by CMP. Micro-
pipes tend to cluster together, so their impact
1s limited to the clustered region. X-ray topog-
raphy clearly showed that substrate features
are reproduced 1n GaN epilayers grown by
MBE and MOCVD.

According to a paper from IQE, around
35-45% of'the cost of producing an epiwafer
1s due to the cost of substrates (not only the
actual epiwafer substrate, but also the test sub-
strates used to calibrate the MBE reactor).
Reclaiming rejected epiwafers for use in cal-
ibration 1s preferred to the use of mechanical
substrates. For PHEMT epilayer structures,
which do not have an etch-stop layer, the epi-
layers can be removed successtully with a
chemical etch. In structures containing an
etch-stop layer, CMP is used instead of etch-
ing. Since implementing its reclaim program,
[QE estimates it has realized a 30% saving
In prime substrate usage.

Production epiwafer control

A paper from Motorola described how the
company successfully ramped its internal epi-
wafer production capacity for enhancement-
mode HIGFETs. The company has installed
two Emcore 5 x 6 inch MOCVD reactors with
a combined output of 900—-1000 wafers per
week. In order to reduce the incidence of scrap
wafers, Motorola developed a basic set of non-
destructive characterization tools to establish
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a “known good epi’ flow, which provides a
g0/no-go decision to move onto the next step.
A sheet resistance measurement indicates the
charge level in the ep1 structure, while PL pro-
vides information about the amount of charge
in the channel region. Once the wafers have
passed the imtial testing, they are put back into
the process line, and initial electrical mea-
surements are obtained in four days. Motorola
says that the process helps to keep 1ts water
costs significantly lower than the alternative
of using external epiwater suppliers.

Wide-bandgap devices

Mantech continues to address new areas of the
compound semiconductor industry beyond
GaAs and microelectronics. The technical
conference concluded with a description by
Sandia’s Jeff Tsao of the US solid-state light-
ing roadmap to develop high-performance,
low-cost white LEDs.

[n another invited presentation from Cree,
progress in developing high-purity semi-
insulating (HPSI) 4H-S1C substrates and S1C
epilayers was discussed. Cree has demon-

FERDINAND-BRAUN-INSTITUTE

Flg 4. A smgle-stage PA basedona4mm
gate width GaN-on-SiC power HEMT.

strated micropipe densities as low as 4.7/cm?
for 3 inch substrates, and prototype wafers are
now commercially available for advanced
development. S1C epitaxy showed intra-water
sheet resistance variations of 1.4%. Si1C
MESFETs fabricated on 2 inch watfers had a
power density of 4 W/mm and very tight gate
threshold voltage distributions. High-tem-
perature operating life testing showed a 2.5%
reduction in drain current over the first 1000 h
of operation at a junction temperature of
175 °C. Cree intends to transition its process
to 3 inch wafers during 2003.
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Hitachi Cable and Fujitsu investigated the
growth of AlGaN/GaN HEMTs on 100 mm
sapphire wafers, which showed considerable
bowing to the extent of around 40—-60 um.
Despite this, excellent uniformity of sheet car-
rier concentration was obtained, and 0.8 um
gate-length HEMTs were fabricated with suf-
ficiently high uniformity for mass production.

A paper from the Ferdinand-Braun-Institute
in Berlin and the Fraunhofer Institute in
Freiburg, Germany, described large A1GaN/
GaN HEMTs grown on S1C and fabricated
using i-line stepper lithography. Special pro-
cessing sequences were developed to over-
come the problem of the transparency of SiC
wafers with AlGaN/GaN epitaxy. A power
density of 5.2 W/mm was obtained at 2 GHz
for devices with a gate width of up to 2 mm,
while the maximum on-wafer power level was
13.8 Wat2 GHz for 4 mm wide devices. A

hybrid amplifier using packaged 4 mm
devices delivered 15.1 W (figure 4). &

The 2004 Mantech conference will be held in
Miami, FL, on May 3-6.
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Component selection is vital

for APD receiver performance

There is far more to an optical receiver than just the APD or pin diode — consideration of the
surrounding components is crucial to good receiver performance, writes Joe Boisvert.

1ber-optic receivers for telecommuni-

cation applications often employ

avalanche photodiodes (APDs) as the
photodetector to improve receiver sensitivity
and increase link reach. A longer link reach
translates into fewer transponders and reduced
system deployment costs. The cost savings
can be particularly significant in metropoli-
tan-area networks, where many thousands of
transponders will be deployed. Evena 1 dB
improvement in receiver sensitivity can have
a large impact on the overall system cost,
which makes sensitive APD receivers mar-
ket-driven products that are currently the
focus of intense interest. While APD-based
receivers offer the potential for higher sensi-
tivity than their pin-based cousins, there are
several careful choices that an APD receiver
designer must consider before setting out to
bring a new product to market.

Figure 1 1s a block diagram ot a typical
recei1ver portion of a fiber-optic transponder.
The receiver 1s denoted by the enclosed box,
and typically contains at least a photodetec-
tor and a transtimpedance amplifier (TIA). The
TIA converts the output current from the pho-
todetector into a voltage signal for the subse-
quent amplification and signal processing
required to convert the analog signal to a dig-
ital data stream. Additional functionality such
as power-supply conditioning (filter capaci-
tor and resistor) may also be included in the
receiver, depending on subsystem require-
ments. How much additional functionality to
include in the receiver plays a key role in
determining the designer’s cost versus value-
added trade space, and can have a significant
impact on package assembly complexity.

APD versus pin receivers

With a pin diode as the photodetector, the
input optical power from the fiber is converted
to a current with a response efficiency ot
approximately 0.8 A/W at 1550 nm. An APD
provides first-stage amplification through an
Internal gain mechanism known as avalanche
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Fig. 1. The receiver portion of a transponder.
The components typically found in the
analog receiver front end are shown in the
shaded box.
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Fig. 2. The typical dark current and optical
gain versus bias characteristics of a
Spectrolab InAlAs APD.

multiplication. An APD will have a typical
response of about 8 A/W at its optimal oper-
ating point near a gain of 10 (the responsivity
simply scales with the internal gain). The
photodetector output current establishes the
signal level. The noise level 1s set by the com-
bination of noise from the photodetector, TTA
and photodetector bias supply.

Typically, the TIA noise dominates at
telecommunication frequencies greater than
about 1 GHz, so increased optical response
from an APD leads to a larger signal-to-noise
(S/N) ratio and improved sensitivity of about
6—8 dB over a pin receiver. The improved sig-
nal response does not come without problems,
however, because avalanche gain amplifica-

tion introduces additional noise known as
excess noise (F), which increases with the
internal APD gain. Increasing the APD gain
increases S/N until at some gain the S/N ratio
reaches a maximum, and any further increase
in APD gain has a deleterious effect. At that
point receiver sensitivity 1s optimized. Because
the noise floor at telecommunication band-
widths 1s strongly dependent on the TIA noise,
the specific improvements in sensitivity will
hinge not only on the designer’s choice of an
APD. but also on the selection of the TIA and
on passive bias supply filtering components.

Choosing an APD
Most telecommunication APDs use separate
absorption and multiplication regions with
InGaAs as the light absorbing layer, and
another wider bandgap layer, such as InP or
InAlAs, as the material in which avalanche
multiplication takes place. The use of two dif-
ferent semiconductors for absorption and mul-
tiplication functions 1s essential 1n this
technology, because the electric fields that
would be required to achieve reasonable gains
in InGaAs alone result in very large tunneling
dark currents that degrade receiver sensitiv-
1ity. The wider bandgap InP or InAlAs layer s
able to sustain much higher electric fields
without producing significant dark currents.
The choice of an InP versus InAIAs APD 1s
influenced by several factors. InP APDs have
been available for several years, and have
been fielded in many networking transpon-
ders. However, because of the way that mul-
tiplication 1s achieved, the excess noise factor
1s not as low as can be achieved in InAlAs
APDs (F~5—-61n InP; F~4 in InAlAs at an
internal gain (M) of 10). InAlAs APDs have
only recently started to be used in telecom
APD receivers, but have already set world
record sensitivities and appear to be poised to
supplant InP APDs in very-high-sensitivity
applications. Table 1 lists some of the impor-
tant figures of merit for these two APD mate-
rial technologies.
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Another parameter that the receiver designer
must consider is the bias required for the APD
to operate. Because InGaAs-based APDs
operate close to the avalanche breakdown
electric field, they typically require 30-60 V
of bias that must be supplied though an exter-
nal, filtered bias supply. As discussed in the
following section, the bias supply noise as well
as passive component size, performance and
cost are all functions of the APD operating
bias — lower is better. A good rule of thumb 1s
to keep the APD bias to less than 50 V, because
this 1s a break point in the maximum DC volt-
age ratings and sizes of filter capacitors and
resistors. Spectrolab InAlAs APDs are
designed to operate at 30—40 V. At a gain of

compoundsemiconductor.net

APD figures of merit for different gain region materials

INAIAS InP
operating bias (V) S B : Wi R e D0 K
responsw:ty at 1550 nm (A/\_{\_/)___________________ B f2 8_ G 8 |
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change in breakdown voltage with temperature (mV/""C) 10 100

Table 1. APDs with InAlAs gain regions can be operated at a lower bias, have a lower
excess noise and are more resistant to temperature variations.

impact on receiver performance. The change
in breakdown voltage with temperature 1s
about a factor of 10 less in InAlAs APDs
(10 mV/°C versus 100 mV/°C for InP), which
greatly relaxes the performance requirements
of the temperature control circuitry. Figure 2

10 these APDs have about 65% quantum effi-
ciency, resulting in a responsivity of 8 A/W.
Because APDs work with high internal
fields, they can be sensitive to changes in oper-
ating temperature. When holding the APD
bias constant, an increase 1n temperature will
decrease the avalanche gain. A temperature
compensation circuit on the APD bias supply

shows the gain versus temperature character-
1stics of Spectrolab InAlAs APDs.

Choosing aTIA

While there are many design trade-offs to be
considered when choosing a TIA (for exam-
ple cost, operating bias and transimpedance
cain), here we will focus on the impact of the
i1s typically used if the required operating tem-  TIA on sensitivity. Figure 3 displays the pre-
perature range 1S Iarfre enou;h to 512mﬁcantly dlcted effects efTIA Input lefet red noise on
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sensitivity for a typical Spectrolab InAlAs
APD. As the TIA noise increases, the optimum
APD operating gain also increases until the
avalanche noise reaches the noise floor estab-
lished by the TIA. For reference, the sensi-
tivity of a typical InGaAs pin diode 1s also
shown in the figure. The choice of TIA 1s crit-
1cal to receilver sensitivity. In the example
shown 1n figure 3, there 1s a 4 dBm difference
In sensitivity at an APD gain of 10 between
receivers built from the best and worst per-
forming TIAs. As a point of reference, state-
of-the-art 2.5 Gbit/s TIAs have about 6 pA/
VHz of spectral input-referred noise current
density, while the best 10 Gbit/s TIAs have
about 10 pA/NVHz of noise.

Figure 4 shows predicted and measured

- sensitivity of a 2.5 Gbit/s APD receiver. As
~ predicted, there 1s an optimum operating APD
 gain,

above which receiver sensitivity
degrades. The disagreement between the pre-

diction and measured data at large gains 1s due

to bandwidth compression effects that begin
to have an impact on the bit error rate (BER).

- Filtering components and packaging
- While sensitivity 1s a very important perfor-
- mance parameter for telecommunication

receivers, there are other design requirements

~ that must be addressed. The range of temper-
~ atures and optical input powers are also impor-

tant to the subsystem customer. Sometimes
simply cramming many components into very
small form factor packages dominates assem-
bly costs and the design space.

An APD bias power supply will have rip-
ple noise at the output that will couple onto

. the TIA input through the APD capacitance.
. Minimizing both the APD bias voltage and

capacitance can reduce this effect, but these
measures alone will not suffice for high-
sensitivity receivers. The power supply must

be filtered either in the receiver itself or by

external components.

The reduction of bias supply noise at the
TTIA input through the use of filtering 1s shown
in figure 1, where a filter capacitor (Cr) and
resistor (Ry) are included on the bias supply

COMPOUND SEMICONDUCTOR JULY 2003



compoundsemiconductor.net

T B A N e e
| TIA noise
20008 — 15 pA/VHz
— 10 pA/VHZz

sensitivity (dBm)

_35,) S el |
0 10 20 30 40
APD gain

Fig. 3. The influence of TIA noise on the
sensitivity of a 2.5 Gbit/s APD. The receiver
sensitivity versus gain characteristics show
a minimum that is a function of the TIA
noise. The circles represent the typical
sensitivity of InGaAs pin photodiodes.
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Fig. 4. The measured and predicted
performance characteristics of a 2.5 Gbit/s
APD receiver made with a 10 pA/vVHz TIA.

line. High-quality, low-noise APD bias sup-
ply IC networks will condition the output volt-
age so that the peak-to-peak ripple 1s about
100 mV, which 1n the absence of filtering
would result in about 6 pA/NHz of spectral
input noise current density at the TIA with a
2 GHz bandwidth, assuming a 500 fF APD
capacitance. This noise source gets added 1n
quadrature to the TIA input referred noise, and
will degrade sensitivity if it 1s not filtered out.
Using a 6 pA/NHz TIA without bias supply fil-
tering results in a 1.5 dBm penalty in sensi-
tivity — clearly unacceptable when the other
components have been carefully selected to
maximize performance.

Adding a filter capacitor and resistor into
the recelver may appear to be straightforward,
but in fact requires careful attention if pack-
age size 1s a constraint. With the general trend
in telecommunication receivers of smaller
form factor packages, the package design
engineer 1s forced to fit several components
into a small area. There is a trade-off between
the size of the filter components and the filter
pertormance. While a 1 uF filter capacitor
rated to 100 V DC may seem like a good 1dea
to reduce bias supply noise, in reality that
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component will be much too large to fit into a
T0O-46 package. Even a 1 nF capacitor sized
to fit into the common TO-46 header can com-
promise performance over a wide range of
operating temperatures, because high-k
dielectric capacitors tend to have a large
dC/dT, which will impact the filter perfor-
mance as temperature changes.

The choice of filter resistor is also compli-
cated, because at high-input optical power lev-
els, the voltage drop across this resistor will
tend to de-bias the APD, reducing its gain and
leading to the onset of bandwidth compres-
sion. A good general rule is to keep the volt-
age drop at maximum input optical power
(typically —4 dBm) to less than 1 V. This

requirement quickly leads to a maximum fil-
ter resistance of a few hundred ohms.

What the future holds

Recent work at the University of Texas at
Austin has led to new “I°’E APDs” that have
very thin “impact-ionization-engineered” epi-
taxial layer designs and have resulted in
InGaAs/InAlAsP APDs with extremely low
excess noise levels (Wang ef al. 2002). These
APDs have been demonstrated with F =3 at
M = 10, and hold the promise of improving
telecom receiver sensitivities by about
[.5dBm. While these devices are at a proof-
of-concept stage, production units could be
available within a few years.

Another very promising APD technology
involves fusing a I11-V semiconductor absorb-
ing layer to a Si multiplication layer to cre-
ate an APD that incorporates the spectral
response of the I11-V material with the very
low avalanche multiplication noise properties

of silicon toresultin F=2 at M= 10 (Kang | ¢

et al. 2002). This technology has been under
development for several years, and has shown

steady performance progress that could very
well result in commercially available devices

in the near future. ®
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Aixtron celebrates its 20th anniversary

During 2003, Aixtron celebrates its 20th year
as a leading equipment supplier to the com-
pound semiconductor industry. The company
was founded in 1983 as a spin-off from the
RWTH technical university in Aachen,
Germany, with a team of 10 scientists, includ-
ing Holger Jurgensen (who was eventually to
become the chairman of Aixtron). The com-
pany quickly developed advanced technology
for MOCVD, and sold the first AIX 200 sys-
tem 1in the summer of 1984. This system has
since changed ownership, but is still in ser-
vice at Prague University. In 1987, Aixtron
opened its first subsidiary in the US, and today
1s located in Chicago and LLos Angeles.

From 1987 to 1991, Aixtron was proactive
in the development of the first commercially
available multiwafer production system.
Working in parallel, the R&D division at
Philips had successtully developed and patent-
protected the Planetary Reactor concept
which, when combined with Aixtron’s devel-
opments, became a key enabling technology
for MOCVD growth. In 1988 Aixtron acquired
an exclusive technology transfer and license
package from Philips for the Planetary Reactor,
and since then has further developed the con-
cept, registering a raft of intellectual property
rights around the original Philips patents. The
first AIX 2000 Planetary Reactors for indus-
trial production of compound semiconductors
were delivered to Philips Eindhoven in 1990
and to Hewlett Packard in 1991.

In 1992 Aixtron shipped its first AIX 2400
system, which has an enlarged capacity of
5 x4 inch wafers, to Bandgap Corporation. In
the same year, the company started to develop
the world’s largest MOCVD reactor, the AIX
3000, which has a capacity of 95 x 2 inch
wafers (or equivalents in larger sizes) and 1s
widely used by manufacturers of solar cells.

In 1996 Aixtron shipped its 200th system
and also doubled the size of its assembly facil-
ity in Aachen. Around this time the first blue
LEDs were developed, promoting intense
worldwide activity in this new field. Through
in-house and collaborative R&D programs,
Aixtron developed GaN growth technology
and 1n 1996 shipped its first GaN MOCVD
systems to Northwestern University and to the
Fraunhofer Institute in Freiburg, Germany.

In 1997 Aixtron went public, establishing
the capital foundations for its anticipated rapid
and profitable future growth and to be able to
invest in further joint R&D programs.

The period from 1998 to 2000 saw rapid
growth 1n Aixtron’s business and markets. The
tacilities in Aachen were expanded again in
1998, and 1n 1999 the group was enlarged by
acquiring Thomas Swan Scientific Equipment
Ltd of Cambridge, UK, and a 70% stake in
Epigress AB of Lund, Sweden. These acqui-
sitions allowed Aixtron to offer a wider prod-
uct porttolio, including vertical reactor
technology and S1C growth systems.

In 2000, Aixtron completed 1ts new state-
of-the-art assembly and test facility at
Herzogenrath, Germany, and now has the
capacity to build and test more than 400 sys-
tems a year. The company also created its
Global Service Organization to further
strengthen 1ts round-the-clock customer sup-
port in all the major world markets. In 2001,
Aixtron delivered its 500th MOCVD system,
and in the same year was invited to be the first
(and only) MOCVD equipment provider to
occupy space in the Hsinchu Science-based
Industrial Park in Taiwan. Also in 2001, to
support the rapid growth of business in Asia,
Aixtron GSO opened oftfices in Japan, Korea
and Taiwan, and in 2002 a representative
office was opened in Shanghai, China.

According to VSLI, the Aixtron Group had
a 67% share of the global MOCVD equipment
market in 2002, up from 58% 1n 2001. The
company says that it has invested more than
$200 million in R&D and engineering in the
past 20 years, and generated revenues of more
than $800 million.

Although demand from some compound
semiconductor markets 1s limited at present,
ongoing developments in the silicon industry
are opening up new markets. “Aixtron’s
knowledge and experience in gas-phase depo-
sition has created opportunities to take this
core competency into new areas of scientific
and commercial interest, said Paul Hyland,
Aixtron’s president and CEO. “Over the last
10 years, the group has been steadily building
1ts capabilities in several emerging market sec-
tors, including strained silicon, S1Ge, I1I-Vs
on silicon, high-k dielectrics, ferroelectrics
and OLED technologies.™

Hyland says that the introduction of multi-
ple new materials into silicon and compound
semiconductor manufacturing schemes, cou-
pled with the development of new display
technologies, presents Aixtron with some
unique challenges and opportunities. “As a
company with extensive experience in pro-
viding complex material solutions, Aixtron 1s
very well positioned to address upcoming cus-
tomer needs during what some industry
observers are calling ‘the decade of materi-
als’,” said Hyland. “The company’s focus on
maximizing those opportunities indicates the
determination of management to leave this
difficult economic period far stronger than 1t

went into it.”

A longer version of this article is on our wepsite at
http://compoundsemiconductor.net/magazine —
see the July 2003 issue.

———

— ————

Equipment sales

® Riber has announced multiple orders for
its MBE equipment. ALPS Electric, based
in Tokyo, Japan, has recently placed an
order for an Epineat MBE system for
research on ZnO-based electronic devices.
Two Compact 21 systems have been sold
to Japanese customers; Kwansei Gakuin
University in Kobe will use its system to
grow III-V nanostructures, while the Nippon
Institute of Technology (NIT) in Minami-
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Saitama will be researching GaN deposition,
with both plasma source and on-surface-
cracked ammonia for N species generation.

The National Cheng Kung University,
Taiwan, and Instituto Politecnico
Nacional in Mexico, have each ordered a
Compact 21 to conduct research in the field
of GaN-based materials. The Institute
National des Sciences Appliqués (INSA)
in Rennes, France, has ordered 1ts third

Compact 21 to pursue studies of quantum
nanostructures on InP substrates.

® Rensselaer Polytechnic Institute (RPI)
has purchased an AIX 200/4 RF-S
MOCVD system from Aixtron for research
in the field of GaN ultra-high-brightness
[LEDs covering the range from green to
deep UV. Aixtron has also joined the Future
Chips Constellation research thrust at RPI.
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Veeco buys AFM probe
technology business

Veeco Instruments has purchased the
atomic force microscope (AFM) probe
business of NanoDevices. Santa Barbara.
CA. The terms and conditions of the
transaction were not revealed. “This
strategic technology acquisition will help
Veeco provide its customers with probes
designed specifically to maximize the
performance of Veeco’s AFM instruments,
said Don Kania, president of Veeco.

ISO certification for Unaxis

Unaxis Semiconductors has been awarded
[SO 9001:2000 certification for its
manufacturing facility in St Petersburg, FL,
meaning that all Unaxis Semiconductors
manufacturing sites are now ISO 9001:2000
certified. At the same time, Unaxis
Semiconductors also received ISO
14001:1996 certification, which relates to
environmental management systems.

Matheson Tri-Gas expands
gas manufacturing facility

Matheson Tri-Gas plans to double its
manufacturing capacity for arsine and

phosphine at its plant in New Johnsonville,

TN. New purification methods will be
incorporated to enable the plant to even
turther reduce the level of critical
impurities. The company says it sees

continued growth in the MOCVD market,

coupled with a demand for higher purity
and consistency of gases.

Cascade Microtech in RF
license agreement

Cascade Microtech, a manufacturer of
water probe cards and probe stations for
testing of semiconductor devices, has
licensed essential RF measurement
technology to Tokyo Seimitsu of Japan, a
supplier of manufacturing equipment and
measurement istruments for the
semiconductor industry.

compoundsemiconductor.net

Equipment sales

@ Bede of Durham, UK, has received
orders from Taiwan totaling about

$1.25 million for three D1 X-ray
diffractometer systems. The systems will
go to the Industrial Technology Research
Institute (ITRI), Arima Optoelectronics
and the National Chiao Tung University.

® Suss MicroTec has received a follow-on
order for its LithoFab200 lithography
cluster from Osram Opto Semiconductors
for the production of LEDs.

® Emcore has sold a second E300
MOCVD GaNzilla production tool to
EpiPlus of Korea, a manufacturer of blue,
UV and green high-brightness LEDs.

® Tekcore of Nantou, Taiwan, a
manufacturer of GaN-based LED wafers.,
has recently ordered two 24 x 2 inch AIX
2600G3 HT reactors from Aixtron.

— —— —————

For lease: Newly remodeled MOCVD facility.

0,200 square feet

iIndustrial

building,

completely redone in 2003 but never used.
Approximately $1.5 million in improvements
make this building perfect for a start up or

R&D semiconductor operation.
Includes a backup generator,

The |ease
chiller, all

relevant toxic monitoring systems and a fully
functioning Aixtron MOCVD at lessor’s option.

Facility meets all 2000 California code of
regulations under hazard classes for

semiconductor manufacture.

310 529. 7974
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Enqmries. Please contact Earl Wllllams at

msn com

EPINOVA !
111-V EPITAXIAL SOLUTIONS

MBE epi wafers for production
and development

- Wafers from 2" to 6"
Competent and experienced
- Excellent analytical support

ISO 9001 : 2000 certified

Epitaxial Solutions for
Customized structures
Laser diodes
SESAM
PpHEMT and mHEMT

wa.epinova.de

EpiNova GmbH

Tullastrasse 72

79108 Freiburg i. Br., Germany
Info@epinova.de

Phone: +49 (0) 761-5569 71 60
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OPTO NEWS
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Boston Laser moves to upstate NY

By Tim Whitaker

Earlier this year, Boston Laser, a manufac-
turer of high-power laser diodes and subsys-
tems, acquired the assets of the bankrupt laser
maker Semiconductor Laser International
(SLI). Since the deal closed at the end of
March, Boston Laser has vacated its plant in
the Boston area and has relocated to the SLI
facility in Binghamton, NY.

After accumulating at least $20 million in
losses as a public company (see box), SLI was
under Chapter 11 bankruptcy protection for
about two years. After inviting other bids, the
bankruptcy court approved the sale of SLI’s
assets to Boston Laser for a fee of $1.5 mil-
lion. Financial backing was provided by a
group of European investors.

Boston Laser acquired all of SLI’s assets,
including its building, equipment, technology
and product lines. Perhaps more importantly,
says Boston Laser’s CEO Aharon Meytahl,
the company hired many of the people that
had previously worked for SLI. “We now have
about 30 people; about 20 are former SLI
employees and the others are senior people
that moved from Boston,  he said.

Boston Laser was founded by Meytahl in
early 2000, and acquired Polaroid’s laser diode
business. Since then i1t has been housed 1n a
facility rented from Polaroid in Norwood, MA.

Meytahl says that there were two main rea-
sons for the acquisition of SLI’s assets. “Aside
from this being a good business deal, we don’t
have to pay rent in Binghamton, while the rent
in Boston was very high.” The second reason,
he says
talent in the Binghamton locality, including
former SLI employees and staff of a large
IBM facility that is now closed.

The processing and packaging lines 1n
Binghamton, which have already been re-
qualitied, primarily use equipment transferred
from Boston Laser’s former facility. “Boston
LLaser 1s an industrial company, whereas SLI
was more like a laboratory,” said Meytahl.

The one significant addition to Boston
LLaser’s capabilities is an MBE machine. The
company uses external epiwafer vendors, pri-
marily [IQE, for its production requirements,
and Meytahl says that outsourcing will con-
tinue as 1t offers significant economic advan-
tages. However, the in-house MBE capability
will allow the company to design and grow
test wafers with a very short turnaround time,
which will assist development efforts.
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The thenlng Il pod, shown mounted beneath an F-1 5 fighter, contains infrared and CCD
detectors to identify targets and a laser designator for precise delivery of munitions.

As part of the acquisition, Boston Laser
took over an exclusive license to certain
patents relating to Al-free lasers owned by
Northwestern University. “We believe in time
this will become an important technology,”
said Meytahl. “However, any Al-free product
will have to match standards for reliability and
lifetime of lasers that contain aluminum.”

Products and markets
Boston Laser makes high-power lasers in the
wavelength range of 635—-1550 nm, with key

, 1s the availability of a large pool of products at 660, 808, 915, 980 and 1100 nm.

The company specializes in high-power, high-
brightness multimode lasers and offers single
emitters at 808, 915 and 980 nm rated at 8 W.
As well as pigtailed modules, Boston Laser
also manufactures Milon modules, which
combine the output of six multimode lasers
into fiber with a coupling efficiency of 75%.

Polaroid originally set up a laser diode
manufacturing capability to supply compo-
nents for a printing product. Today, printing
1s one of Boston Laser’s principal markets;
the company supplies lasers to Heidelberg,
the world’s largest printing press manufac-
turer, and various Japanese companies.

The military market is also important for
Boston Laser. The company recently an-
nounced that its lasers made in Binghamton
had been re-qualified by Northrop Grumman
and Rafael for use in the Litening Il laser des-

1gnator pod (see photo).

Following the SLI acquisition, Meytahl
says that Boston Laser hopes to achieve sales
of about $10 million in the next 12 months. He
believes that SLI was unsuccessful for the
same reason that a number of small compa-
nies in the industry struggled. “It’s a very long
road from making 100 pieces to full industrial
production,  he said. “SLI probably didn’t
spend 1ts money very intelligently and also
lacked industrial experience, which Boston
[aser certainly has.”

The inglorious history of SLI

SLI was founded in 1993 to manufacture
high-power diode lasers. In 1996, the
company went public and also received a
icense to make and sell lasers based on
Northwestern University’s patents relating
to Al-free material. SLI's share price peaked
at over $10 in mid-1996, but fell steadily to

below $1 in mid-1998. The company was
delisted from the Nasdaqg exchange in May
1999 and was investigated for possible
violations of securities regulations. SLI
applied for bankruptcy protection in 2001.
As a public company, it failed to make
significant revenues, never had a profitable
quarter, and generated cumulative losses
of at least $20 million.
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Three-Fives and Silicon Heterostructures

2| Subscribe free
| of charge

~ If you have enjoyed reading this issue of
- Compound Semiconductor and you are

not already a subscriber, why not subscribe online now by
visiting compoundsemiconductor.net/subscribe.

't will take only a few moments of your time and means that
you will soon begin receiving your own personal copy of the
magazine.
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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 e-mail: joanna.hook@iop.org.

GaN MOCVD cleaning

AFTech Ltd

AFTech announce an innovative development from their world-renowned
[II-V cleaning process. GaN, AlGaN and similar compounds are
completely removed from silicon carbide-coated susceptors, quartz and
molybdenum. Already, customers around Europe and the UK rely on our
fast, strictly confidential and unique service. All parts are additionally
degassed, vacuum wrapped and then double packed in a dry nitrogen-

— filled bag.

Contact: Paul Tolkien or
Tony Hayden, AFTech Ltd,
18 Cheddars Lane, Cambridge,

Cambridgeshire CBS5S 8LD, UK
Tel: +44 1223 245033

Fax: +44 1223 410267
E-mail: aftech@fsmail.net

Gas Detection Systems From RKI

GTI Technologies Inc

The GD-K77D is a complete sample drawing gas monitor, including digital readout and
alarm relays. It is equipped with a new smart gas sensor technology using an intelligent
sensor for remote location calibration and setup. The GD-K77D easily connects to
existing PLC systems and is ideal for applications needing a local readout or a relay
control for activating other devices. Features: @ digital display @ sensor information and
calibration 1s stored within sensor memory @ calibrations last 1 year @ zero suppression

and correction @ self-diagnostic functions
by microprocessor @ electrochemical
sensors for wide selection of toxic gases
@ built-in sampling pump @ two alarm
levels, plus trouble alarm with relays

® 24 V DC operation.

Contact: Bob Thron, GTI
Technologies, Inc

Tel: +1 203 929 2200
E-mail: bob@gti-usa.com

Precision machining of sapphire
wafer carriers and substrates

insaco Inc

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

to discuss alternate materials and
design options.

Contact: Insaco Inc
Tel: +1 215536 3500

Fax:+12155367750
Web: www.Iinsaco.com

STR CVD-Module

Semiconductor Technology Research, Inc (STR, Inc)
STR, Inc has developed a new software product — STR CVD-Module.
This product 1s aimed at efficient and predictive modeling of chemical
vapor deposition. The unique features of the tool are built-in reactor
geometries and chemical models combined with a simple and convenient
graphical user interface. STR CVD-Module 1s an add-on to the well
known CFD-ACE+ package. This simulation tool 1s expected to be very
useful in providing guidelines to
growers during the design and
optimization of III-V, III-nitride
and S1C deposition processes.

Contact: STR, Inc, PO Box

70604, Richmond, VA 23255-0604,
USA

Tel: +1 804 615 0038
Fax: +1804754 2114

E-mail: cvd-module@semitech.us
Web: www.semitech.us

OMIiprobe Epiwafer Characterization

Optical Metrology Innovations Ltd

For HBT, HEMT, VCSEL, LED/RCLED, QWIP and S1Ge epiwater
characterization, OMI offers the OMIprobe variable angle photoreflectance
spectrometer with 2" to 200 mm wafer mapping. Device-specific parameter
extraction is performed by the OMIprobe proprietary lineshape software,
including bandgap to a precision of 2 meV, surface and interfacial electric fields,
and strain effects on epilayer band structure. OMIprobe 1s configurable for

spectral ranges covering GaAs, InP,
S1Ge, and GaN based epiwafers.

Contact: Optical Metrology
Innovations Ltd, 2200 Cork Airport
Business Park, Cork Airport, Co.
Cork, Ireland

Tel: +353 21 4316907

Fax: +353 21 4845238

=-mail: info@omi.eu.com

Web: www.optical-metrology.com
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Broad-Beam RF lon Sources

Oxford Applied Research

Oxford Applied Research offers a range of broad-beam RF 10n
sources capable of running at a current density exceeding 6 mA/cm®.
The sources are fully compatible with 100% oxygen use

and find application in areas such as precision etching for

MEMS, ion-beam assisted deposition (IBAD) and 1on-beam

sputter deposition (IBD).
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Contact: Lars Allers, Oxford

Applied Research, Crawley

Mill, Witney, Oxfordshire

0X29 9SP, UK

Tel: +44 1993 773 575

Fax: +44 1993 702 326

E-mail: lars.allers@oaresearch.co.uk

Web: www.oaresearch.co.uk
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RESEARCH REVIEW

Emcore clarifies InGaN V-defects

Solid-phase indium incorporation
during the InGaN growth by
MOCVD required for blue and
ogreen LED epiwafers remains
poorly understood, but 1s known to
be strongly dependent on variables
including the gas-phase In mole frac-
tion, growth rate and temperature,
ammonia overpressure and carrier
gas composition. The so-called V-
defect1s a commonly reported mor-
phological feature of InGaN/GaN
QW heterostructures that consists of

a threading dislocation terminated by a pit in the shape of an inverted
hexagonal pyramid with (1011) sidewalls. Two papers to be published
by Doru Florescu and colleagues at Emcore, Somerset, NJ, have helped
to clarify the numerous reports of contradictory results and interpre-
tations regarding the V-defect occurrence, propagation, and correla-
tion with In incorporation. Further complicating the matter, inclusions
embedded within V-defects originating at the first InGaN/GaN inter-
face have been observed under certain growth conditions.

In the reported work at Emcore, the morphology of InGaN/GaN het-
erostructures was found to be extremely sensitive to the process trade-
offs made 1n order to facilitate In incorporation. GaN barrier growth
at reduced temperatures (~800 °C) in an H,-free environment promotes
V-defect formation and propagates inclusions (to be published in J.
Appl. Phys. 2003 94(3)). Striking morphological differences were
noticed in AFM scans of material grown with and without an H, ambi-
ent (figure 1). A higher density of pits with a wider range of pit diam-
eters was seen for the H,-free growth when compared with the MQW
growth in an H, ambient under identical barrier growth temperatures.

Ultra-violet LEDs make rapid progress at 325 M

Moving LED emission deeper into the UV requires active regions con-
taining higher Al fractions. Quantum efficiency strongly depends on
the material quality of the active region, and therefore on the quality
of the bufter layers between the substrate and active layers. Also, weak
carrier confinement in the active region leads to deep-level assisted
radiative recombination, reducing the carriers available for injec-
tion into the QWs and diminishing the LED output power.
Mohammed Asif Khan’s group at the University of South Carolina
has reported key improvements to epilayer growth and design that
have yielded 325 nm emitters with a record optical power of 10.2 mW
at a pulsed pump currentof 1 A (Appl. Phys. Lett. 2003 82(16) 2565).
This represents considerable improvement in the space of a year since
the group published data fora 324 nm LED with 4 mW of optical power
fora 0.9 A pulsed pump current (Jpn J. Appl. Phys. Pt.2 (4B) L450).
The main difference between the new structure and those grown pre-
viously 1s the growth of a high-quality AIN buffer layer and AIN/AlGaN
strain relief superlattice using the pulsed atomic layer epitaxy (PALE)
technique developed by the group (Compound Semiconductor March
2002 p25) and an electron blocking layer above the active region. After

the buffer and strain relief layers were deposited by PALE, the active
device layers were grown by LP-MOCVD.
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and (b) with hydrogen. The vertical scale range is 20 nm.
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In addition, the typical inclusions
embedded within the pits, charac-
teristic of low-temperature, H,-free
GaN barriers, are seen in figure 1a as
bright, irregular features. The corre-
lation between inclusion density and
accelerated post-growth thermal
degradation strongly suggests that
the inclusions are In-rich or promote
In segregation. The addition of H,
suppresses inclusion propagation
and thermal degradation without

sacrificing wavelength (figure 1b).
Combining AFM with high-resolution SEM/cathodoluminescence

(CL) performed at the University of Central Florida provided evidence
that some V-defects occur as a direct result of barrier growth tem-
perature. There are additional V-defects associated with In-rich regions,
which act as sinks for further In segregation during the MQW growth.
Both types of V-defects have a tendency to promote inclusions dur-
ing low-temperature (800 °C) GaN barrier growth in an H,-free envi-
ronment. There was clear correspondence of significant features in
the CL and SEM 1mages, with 60—-70% of the inclusion-filled pits
appearing to display a brighter CL signal when compared with areas
between these pits. Adding H, or raising the temperature (~900 °C)
during the GaN barrier growth reduces the V-defect formation and
suppresses inclusion propagation entirely, rendering a uniform
nanoscale CL signal (Appl. Phys. Lett. 2003 83(1)).

Applying the principles and observations discussed, a thermally
robust 525 nm LED with an unpackaged chip-level output power 1n
the 2.5-3.0 mW range, forward voltage of <3.2 V at 20 mA, and break-
down characteristics of <-20 V at —10 uA was recently achieved.

LED die measuring 200 x 200 um? were fabricated and showed an
emission peak at 325 nm with a big reduction in the unwanted
340—-230 nm emission band seen from previous epilayer designs. This
emission band 1s thought to originate from deep-level recombination
in p-AlGaN layers. The 15 nm Mg-doped Al ,»Ga,, sxsN blocking layer
grown above the active region confines the electrons to the MQW
region and, coupled with the lower defect material, reduces the broad
longer-wavelength emission band.

The LED IV characteristics showed a sharp turn-on at 5 V with a
series resistance of 24 Q. To reduce the series resistance and operate
the device at high DC current, four chips were packaged and operated
in a parallel array. This configuration offers advantages over a single
emitter of the same area, as it reduces the effect of current crowding,
thus minimizing resistance. In this case the IV curve for the array was
considerably steeper than for the single device, as the resistance was
reduced from 24 to 11 Q. The four-element array showed a DC power
of I mW at 100 mA pump current before saturation due to device and
package heating. The researchers suggest that considerable improve-
ment on this can be expected if more attention is given to thermal man-
agement. For pulsed operation, the pump power increased linearly up
to 1 A drive where the record 10.2 mW power was measured.
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Glooal Phosphorus Solutons

® Innovative Reactors
In 1982, Riber develops the industry’s first phosphorus-
dedicated MBE research system.

[ you want to visit our application laboratory and find
out more about our global phosphorus solutions for
growth, characterization and maintenance, please

= Patented Phosphorus Sources contact us todav at:
In 1992, Riber introduces the zero-burst valved '
phosphorus cracker cell design that is now used by all RIBER
major component manufacturers. 133, bd National
® Full-Service Application Lab 92503 Rueil-Malmaison Cedex / France
In 2002, Riber imnaugurates the industry’s first indium Tel: +33 (0) 1 47 08 84 35
phosphide application lab to accompany vou from Fax: +33 (0) 1 47 08 32 39
start up through full production of phosphorus- e-mail: info@riber.com
containing compound semiconductor malterials. Web site: www.riber.com
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Think big. Work small.

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

Veeco provides the metrology and process equipment solutions that
help make today’s—and tomorrow’s—advanced semiconductor devices

taster, smaller, and more cost-effective. Solutions like the only non-
destructive 3D measurement technology for 100nm and below. MBE for
the production of compound semiconductors. lon beam deposition and
3D AFM tor photomask production and metrology. To find out more, visit
www.veeco.com/semi or call 1.888.24 VEECO today.

Solutions for a nanoscale world.

Atomic Force Microscopy
Atomic Force Profiling
Optical Profilers
Stylus Profilers
lon Beam Deposition
lon Beam Etching

Molecular Beam Epitaxy

vVeeco




