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WDM Spells Robust Market for Telecommunications Lasers
Several factors are comverging 1o increase demand for telecom cquipment, not least the
wdvent of WM, secording to Tom Hausken of Strategies Unlmited.

24 High Power, Al-Free Diode Lasers
Shonid high power Tasers lave Al in their sctve regions or nor? Dan Botez of the
Universaty of Wisconsin-Madison suggesss that Al-free may be the answer for the
0.70-0.81 um wavelength range.

30 Tunable Lasers
Some applications, such as spectroscopy and optical fiber communications, demand laser
sources with un output wisvelength that can be sdjusted and precisely controlled. We
deseribe several methods of attaning tunability in edge- and surf; ting lusers,
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With the new RPM2Z000 you don't have Lo waitl. In 30 seconds you could be viewing the

analysed spectral results of more than 2000 points on your wafer. Modular in design and
with a footprint not much larger than a desktop PC the RPM2000 is an ultra rapid, reliable and

wasy to use tool for full control / { analysi

¥ Laser & Detector options to cover 350nm - 1700nm
Upto 3 Lasers & 3 Detectors without module changes
®  Full VESEL & BRAGG Reflector Analysis
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Pmmoled to Editor
of Compound
conductor

Tim Whitaker has heen pro-
muted 1o Editar of Compound
Semtbconductor, He has served ay
the magazime'y Assistant Editor
sonce: Jamary 1998, Prior 1o
Anining Compaynd Semicondue-
ton e was with the Electronivs
Department of the  Defense
Evaluation and Research Agency
(the former Roval Signaly and
Raelar. Establivhment, or RSRE)
in Malvern, England. While. ar
DERA, Tim working i -V epi
growth aed was later promited ty
it hsinss development position,
T recetved hiy PR.D. in épituxy
and | precursor synthosis from
Oxfond University:

Marie  Meyver, whao has
served ax the  Editor  of
Compond Semiconductony since
it waas foecded fn J995, will con-
finwe  av the  mggasing's
Managmg Editor,

Wiite LEDs will be among the app

diony falling wnder Lumileds, whic k
include automative lighting, high-
brightness signalimg, conteur lghting
and signs and illumination.

4 Compuaned Semmcondict

50651 Dl At 1955

HP and Philips Expand
LumiLeds Joint Venture

ewlet-Packard  Company  amd
HRnyaI Philips Electronics have

sigmed 4 memorandum of under-
standing to preatly expand the scope of
their extsting Lumileds Lighting joine
venture.

The expanded business will develop,
manufaciure and sell LEDs modules,
products and systems for o broad spec-
trum of lighting spplications.  This
mcludes products aleeady developed and
marketed by the Lumileds business,
such ys o traffic signal module that con-
tains 1% high-flux LEDs.

Philips, which has considerable
experience in high volume, low cost
assembly, will contribute its application
knowledge of Hghtng products and sys-
tems, including phosphors, op and
drive cireunry, In addition, it will lend
marketing services  and  financial
TeSOUICEs.,

Lumileds Lighting 15 expected 1o
become operational in November 1999,
after approval by government regulatory
agencies. The ot venture will operate
nuhrwmhml\ of the parent companies
and ownership is o be shared equally,
Both parties will initially invest S150
million.

“Philips and HP have had more than
twio vears of specessful cooperation m the
Lumileds joint venure” said John
Whybrow. executive VP of Philips
Electronics. and president and CEQ of
Philips Lightmg, “Extending this
tiemship demonstrates our confid
the technology applied 1o an inereasing
range of spplications, in o market with
outstanding prospects.”

The company will relocate its head-
quurters from Best in the '\uh.rl inds o
HP's San Jose site in Calilornis
4 the seat pf HP'S R&D and matecial p
cessing facilities, In total, 1000 pﬂuplL
will be emploved, which inclsdes person-
nel from Best and additional ope
bitsied in the g )

Lumileds will continue 0 concer-

in

trate on specialized packaging applica
tions for LED products, These include ns
eaterior indicators and lamps for the
nutomobile  industry  (such as HP%
SnapLED and Piranha LEDs), Also
included are packages for high-brght
ness signaling, contour lighting and
3 srchiteetural lighting. outdoor illu-
mination, and white LEDs for bath
indoor and outdoor dpplications. HP will
cantinue o make standard package LED
devices such as those used in i display
products.

Lumileds® high-flux LED packages
miy be among the Tirst new offenngs
from the expanded jomi venture, The
company recently announced the pre-
market introduction of 4 new module that
uses o single. 30 Jumen high-fux LED,
Thie package contumns drver elecironics
and precision optics, which collimate the
rddiztion into o 6° that produces an
output of around 1000 cd. Clustering of
these modules will offer a broad spec-
trum of future lighting solutions, says
LumiLeds. At present these components
exist only as samples und the company
expects production in around 8 year’s
Time.,

Bill Sullivan, VP and general manag.
et of its HP'S components group wis aphi-
mistic about the future of the general ilu-
mination market. “Philips’ extensive
knowledge of ilumination design and
applications, snd HPs stceess in produg-
ing ever-hnighter, more efficient LEDs
will doon make solid-state illumination
part-of our evervday lives - much
than anyone would bave helieved possi
even a few months hgo

Northe Csbrink, techn
HP's components
s reflects a n

al editor of
iy, said the decision
case the joint
ainAtion

Htwn
in terms

for _'m-.rnl tHumination
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NEWS BRIEFS

980 nm Laser Manufacturer Spectracom Bought by ADC

pectracom, 4 manufaceurer of Y0
Snm pump lasers for EDEAS based in

White Bear Lalu.. MM, has hun
purchased by ADC Telec
i globul supplier of voice, video and |J.:n..1
systems for communications networks
based in' Minneapolis. MN, Spectracom
will become part of ADCS hroadband
connectivity group in o deal vatued at up
ta $105 million, with $60 million pad in
cash at elosing with 2 possible, ndditional

diodes in bar-test form.

Spectracom’s 980 nm  Stingray Taser

§45 million pavable based on future tech-
nology developmets;

The acquisition positions ADC to be
3 major supplier of hoth passive and
.u:nu. ptical compaonents wnid modules o

ations original eq

manufacturers (OEMs), “Active Ilplu.ll
components are becorming eritical fo mis-
imizing mvailable dundwidth within the
fiher-optic: network,” says Lynn Davis;
president :nd general manager off ADCS
broadband comnectivity Lroup.
“Spectracom’s: exceptional resenrch and
development capabilitios provide us with
leading-edge technology and products
that can guickly establish ADC as an
influential company in the optics market™
ADC has purchased two other oprical
companents: companies in the last faur
yEUrs.
as a worldwide leader in optical modules
il components, and Spectracom is
excited 10 become n part of ADC” said
“aul Colombo, chairman of the board of
Spectracom, Colomba is also CEO of EP
MBE Products Group.

=

“ADC is clearly esiablishing self

Spectracom  manufaciures 980 mm
ow er diodes from device
wafers grown fi-house by MBE. In order
0 ehmingte catastrophic optical mirme
damage (COMD), the las 15 e
coated using a putent-pending “epitaial
mirror on facet” technology, This allows
epituxial growth of single crystal mirmons
or other structures dircctly onie the fsee
facet, improving the quality of the
weguide-mirror interface and permit
ting ciloulnted power densitics of wver
100 MW /em?. Laser madules are current-
Iy underpoing testing and qualification
with w number of ers: ADC
expects to ship product from its new sub-
sidary i the first quarter of 2000

Industry analys ve estimited the
size of the pump laser module market i
1999 ot more than 5200 million, growing
o more than S1 bil i 2002, New
BWDBM and suf e network deplovs
ments. long stwork  expansions,
nd the emergence of new high-specd
service providers are expected 1o fuel tis
market growth

CHato
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NEWS BRIEFS

1999 Lamme Medal

he IEEE has awarded the Lamme
Trdcd:.l o B, Jayant Baliga The
citation states that the medal goes
o Professor Balign “for his sustained,
innovative contributions to power semi-
conductor technology, which has had
widespread impict on power electmonic
systems” Balige & the Distinguished
Professor of Electrical Engneering and
director of the Power Semiconductor
Research Center, an industry consortium
he founded i 1991 based at North
Caroling State University, Raleigh iNC).
Priar to this he spent 14 vears at the
General Electric Corporation Research
Labaratary, where he developed the insu-
lated gate bipolar transistor. This is &
widely-produced device used in many
electronics applications, most notably in
the recent development of defibrllators
for cardine arrest viclims.
Along with numerous other awards
und dstinctions, an cquation he devel-

oped in 1979, referred o as Baliga's fig.
ure of merit, projected that the: perform-
ance of power-FETs would be o factor of
ZN00 times greater if S1 were w e
replaced by SiC.

OSA Bestows 1999
Fellow Awards

he Optical Society of Amenca
I (OSA), 8 Washington-based socie-
tv representing the interests of the
optics-and photonics community, recently
bestowed the honor of fellow on the fol-
Towing (054 members for their contribu-
tiens 10 the compound semiconductor
field
¢ Gregory J. Salama; University of
Arkinsas, AR: phatorefractive non-lincar
optics and also major contributions to
optics research and edveation i the state
of Arkansas,
= Osamu Wada, FESTA [aboratories,
Ibaraki. Japan: optoelectronics devices

Y

USTOM EPIWAFERS FOR

MICROWAVE APPLICATIONS:
1P HEMT

]

and circuits for ‘optical communication
and optical interconnection systens,

* Byoung Yoon Kim, Korea Advanced
Institute of Science and Technology,
Tacjon, Korea: passive und active optical
fiber devices used in optical communici-
Tiems wnd sensing applications.

*» Uziel Koren of Lucent Technologics,
Holtmdel, NJ; lasers and photonie 1Cs for
tigh-capacity optical fiber communica-
fions,

* Stephen G. Bishop, University of
IMinais at Urbana-Champaign. [L: optical
properties of erystalline and amorphous
optoelectronic materials and devices.

* Joe C. Camphell. University of Texas,
Austin. TX: development of high-speed
photodetectors.

+ Peter J. Delfvett, Jr, University of
Central Florids, Orlando, FL: compact,
ultra-short-pulse diode lasers for high
data-rate communications systems,

* Lew Goldberg. Naval Research
Labaratory, Washington, DC: high-power
semiconductor lasers.

Comgound Semscondizstor $(h Jily At 1999
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1999 Fiber Optic Components Market
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TRW To Supply InP ICs to CSIRO

hrough an agreement that will sccelerate the commercial
Tm—ai]nhllily of its InP technology, TRW is 1o produce [nP-
based circuits designed by the Australian government-
owned Commonwealth Scientific and Industrial Research
Orgamization (CSIRO), one of the world’s larpest scientific
research organizations. Under the terms of the 24-month con-
mact, which is worth $600,000, TRW will fabricate CSIRO-
designed chips at its Redondo Beach facility using'its InP HBT
und (.1 pm InP HEMT technologies. The ICs, including low-
noise amplifi xers and high-speed digital recevers, will be
integrated in a vanety of CSIRO radio astronomy and telecom-
munication demonstration systems
“We're delighted to have the apportunity to take advantage
of TRW's [nP* foundry capabilities,” says Ron Sandiand, deputy
chief executive of CSTRO, “The insertion of this critical technol-
ogy in CSIRCO-developed systems will allow the Australian sci-
entific community to remuin at the forefront of radio astronomy

and photonic sysiems research.” CSIRO has been & customer of

TRWs GaAs foundry since 1993,

InP offiers higher operating speeds, lower noise figures and
lower power consumption than semiconductor matersals current-
Iy used for high performance microwave communications and
advanced digital signal processing. HEMTs are best sulted to
applications such as low noise nmplificrs, while HBTs are better
suited to applications such as dugital cirouts.

Atlanta Homes Get Fiber

thanta is sat to become the first US cit t fiber-to-the-
Ahumr (FTTH) services providing features such as high

speed Internet aceess (up 1o 100 Mbps), 120 channels of
video entertanment, 70 channels of analog video and 31 chane
nels of CD-quality digital audio, Bell South plans to b
lation of the passive aptical network (PON), developed by Lucent
and Ok, later this vear. FTTH offers us xtremely high speed
and bandwidth compared 1o alier uch as xDSL and cable
modems, although the cost of installing new fiber is consider
able, particularly in residential areas. FTTH applications will
prove 1o be a major driving force for the development of low cost
lasers.and other optical companents.

Lucent Leads 10 Gbps Suppliers

ucent's Microelectronics group recently anmounced that it
Luad shipped a total of more than 20,000 optical compa-

nents for 10 Gbps systems worldwide. The high-speed
companents, including electroabsorption-modulated lasers
(EMLs}, lithium mobate modulators and photodetectors, have
been installed in long-haul and undersea fiber-optic networks
worldwide. RHK, & market research firm, predicts that the 10
Gbps component market will be worth $80 million in 1999, and
has & current annual growth rate of over 100%,




NITRIDE NEWS -

First SiC Microwave Power Product
from Cree

ree Research has announced the imroduction of the first
‘ 4 family of $iC RF power transistor products, The

CRF- 'Jlltllﬂ designed for the drver stige af wircless
base stanon amplifiers, isa 48V, 10 W high-lin
with 12 dB of gain at 2 GHz, The CRF-. 20010 hits it
product reliability 1ests and Cree anticipates delivery of samples
over the next three months,

Scott Schwab, director of strafegic accounts, said that the
device is based on iis proprictary SiC MESFET technology.

Thrs first product is a 10W ¢lass A driver, and in the next 9 fo

2 months we expect to produce further drivers with: output
povwers up to 30 W We will also antroduce deviees for the out-
put power stages.” says Schwab, “These will be MESE {
class AB power amplificrs avaalable n 20, 60 and 1200 W ver-
sions.”

One of the main advantages of the Cree device is that the
power supply requires no conversion and can be used directly,
With GaAs MESFETs and with Si LIXMOS deviees, the power
supplies have to be down-converted 1o 28 V. *“The SiC device s
designed to operate at 48V, eliminating the DC-1w0-DC convert-
er required by silicon and GaAs technologies,” says Schwab.
Thie higher voltage used by the device is n result of the thermal
conductivity of SiC, which is more than twice that for silicon
andd CiaAs, he explains, “The matenal can operate ot much high-
er voltages and powers, while dissipanng much more heat™

Coherent Introduces Blue Laser
Diode Module

oherent’s Auburn Group (Auburm, CA) has announced the
‘ inteodluction of o laser diode module based on Nichia
Chemicals blueiviolet-emitting laser diode. The module,
can produce a focused spot,

which features delivery optics th
line ar collimuted beam with o wavelength of 405 nm, delive
typical vutput of 4 mW in single mode CW operation,
Wiile not the first use of Nichia’s blue laser diodes [see
C35(4), p. 10}, Coherent’s module could find application in bio-
medical imstrumentation, Muorescence microscopy, printing, pho-
tocupying, optical storage and spectroscopy. According o mir-
keting manager David Clark, the company s also currently
developing a thermoelectrically-conled version, When cooled 1o
20°C, the typical lifetime is gunranteed to be around 1,000 hours.
With a price of just under $5.000 for 1 to % units, Coherent
will be concentrating on customer-specific applications rather
than high-volume applications such as DVD, printing o photo-
i U\Imh are IILEI\' contenders for lar

tation umap.mln th.n \ush 10 bu u light source. that ean be
inserted into their mstrument ata mrmul ar output,” savs Clark.

According 1o Clark, the new laser will compete with air-
cocled argon 1on lasers, “The advantages of the Coherent module
are the reduced package size and shorter wavelength - 403 nm
versis 488 i, Eventually, the Coherent laser should also be
more competitively priced” be savs.
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NITRIDE NEWS

Room Temperature InGaN Quantum Dot Laser

or the first time, & device structure containing InGal quan-

tum dots embedded in the active Tayer has extibited laser

operation under optical excifation at om lemperature.
Previoushy, stimulated emission has been observed, but a lasing
oscillation has not been achieved. A rtecent paper [rom the
Universities of Tokyn (Jupan) and Wurzburg (Germany)®,
reports a clear lasing threshold at a pump energy of 6.0 mlicm?
with emission strongly polarized shove threshold in the trans-
serse emission (TE) mode, The lnewidth was reduced 1o less
than the resolution limit of 0,1 nm,

The device lavers were grown by MOCVD an sapphire sub-
strates and comprised Aly Gy o cladding fayers and GaN
waveguide layers surrounding the active region. The latter con-
tained 10 periods of Ing Gup N quantum dots and 5 nm
Ingg2GagueN spacers. An AFM image of 3-daver stacked
Ing aesN quantum dots grown under the same. conditions
showed the average diameter and height of the QDs was 19.5 nm
and 4.5 nm respectively, and the QD density was 6x10%cm? per
layer {see figure),

The cavity, which wos not facer-coated, wis 540 um long
and 10 pm wide. The device was excited with o dye laser at 367
i, While elear lasing sction was observed above threshold. the

g 2088
O e
A anem

[ B

fum] i 15

AFM image of w 3-layer stuck of fia e N guantum dots

embedded in 5 wn InygrGan N spucer lavers. The average

diameter and width of the QDs is 19.5 nm and 4.5 wm, respec
tively,

output was multi-mode due to emission from states with differ-

ent energies because of the size and indium Tuctuations in the

In G N QDS The emission wavelength was around 406 .

* K Tachibana et al, Ouantum Elee. Laser Sci, (QELS) 1999,
Fost-Deaidlime Paper

New Project to ‘Force’ Impurities from GaN and SiC

he University of Missouri-Columbia and Rhombic
T(‘urpnmlmn (Vaneouver, BC, Canada) have announced a

project to develop ‘forced diffusion” technology o purify
SiC and GaN wafer materials. Rhombic own the patents for the
method, crniginally developed st Missoun-Columbia, which
diffuses dopants o diamond films to make them nto
semiconductors. Now the technigue will be used to remove
unintentional exygen and silicon impurities in GaN films, and to
reduce: the contaminunts boron, nitrogen, and oxygen in SiC
wifers. According o Dr, Mare Prelas, who will supervise the
profject al Missour, the technigue should be capable of reducing
impurity in these wide bandzap is by ‘at
|ﬁ|§l a hundred-fold.

Forced Diffusion

In forced diffusion, the required impurity source is placed on
the target matenial, Heat is then applied to ionize the dopant
atoms, and a high voltage applied to drive these jonized
umpuritics  into the lattice  structure, The material is

il Iy photon-bombarded with a laser, which further
meTeases the number of 1ons and the available energy for the wns
to diffuse to interstitial sites. The laser increases the lifetime of
the impurities in the solid substantially, allowing greater
diffiasion depths.

Photon bomburdment is whal distinguishes forced diffusion
from existing technigues that use only heat and electric fields
secording to Prelas. “Methods  thet don't use photon
bombardment are sufficient for smaller bandgap materials” he

e Compound Semiconductor 3{6) July August 1999

says. "However, forced diffusion makes it passible o use much
Iower temperatures than typically used i standard diffusion
processes.” This widens the processing window for heat
treatment by avoiding limits imposed by materia

In erder to remove impunties from G
technique will exploit the same enhanced diffusion phu\nnklmn.
"lmpuritics that are already present are jonized, amd with the
enhanced ion lifetime that eccurs in the photon flux field, their
numbers can be reduced very effectively” Prelas exp
previous work on dismond, the effective drift rate - wis
dramatically inereased using forced diffusion. Extrapolating
from this result, Prelas expects reductions in impurity
concentrations of two orders of magnitude in GaN and SiC,
which could have imporiant consequences for the concentration
of extended defects in these materials.

The use of a laser as the photon source also allows spatial
caontrol of doping profiles, “One can very effectively pattern with
the laser. und the enhanced [i|11|1u['i[5 | drift will occur along the
flux lines. This provides great contral over where the jons drifi,
and henee the doping profile” says Prelas,

Terestingly, the technigue his also made possible neand p-
type doping in diamond, & matenal that has many desirable
properties for electronic applications [€5 5(3), p. 261, Previously,
omly p-type doping has been possible. but forced diffision can
alsor 1ntmducc 1;-15-[": Llnpmg h'_» chang gn of the electric
: electronic devices from
dinmond films, Rhombic says it his alres udy produced integrated
n-type 105, and has imminent plans to introdu umind dindes
and switches.




silicon carbide

Jdapan [Osakal:
g Mew Matals and Chemicals
1 Telephone: +44(0) 1908 210 444 poration Corpovation
Fax: 703-736-3443 Fax: +44 (0] 1908 210 443 C 03-32 Telaphone: 06-6202-51
- E-mall: & ch.co.u R 2 Fax: 06-6223-0987
samiconductor.com = E-mail: E-mail




GaAs ICs - NEWS

Anadigics Moves Into GaAs HBTs and Silicon

hile Anadigics' fi-inch fab appears on course to begin

‘J" production in the third quarter of 1999% the company

has announced that it is working with we foundries fo

pogess new processes, A new  agreement with  Global

(& (GCS) of Torrance, CA will

provide Anadigics with open foundry service for HBT wafers.

Meanwhile, Anadigics has launched its first silicon RF product,

4 CMOS dual-frequency synthesizer for CATY, which is muanu-
factured by a major Taiwanese foundry.

GaAs HBTs

Thie sgreement with GCS is'a crucial purt of Anadigics’
strategy 10 establish @ GaAs HBT product ling by the end of this
vear, i order to supply 3 ¥ HBT-based power amplifiers for
wircless handsets. At present, all of Anadigics™ power amplificrs
are MESFET-based. and its major customer for these products is
Ericsson. However, other handsel manufacturers such as Nokia
and Qualcomm appear o have a clear preference for HBTS:

In order to accelerate the time 1w market for HBT products,
Anpdigics is developing internal HBT capabilites while enabli
immediate capacity through GCS, & provider of open foundry
services located in Torrance, CA. Under the non-exclusive, long-
termt purchase agreement, GCS will provide Anadigics with fully
processed 4-inch GaAs HBT wafers, with all produgts designed
and 100% tested ut the Anadigics facility in Warren. NJ.
“Anadigics plans to hisve mternal HBT capability in the first half
af 2000." comments Charles Huang, VI and chief echnical oiTi-
cer ot Anadigics. “Once we have fully established HBT capabili-
1y on our fi-inch line. GCS will become a reliable, high-quality
second source for our HBT products™

6-Inch Advantage

Anadigics and Infineon (formerly Siemens) are currently
vying to see which will chim the honor of hiving the first b-inch
analog GaAs fab, following last vear’s opening by Vitesse of its

run all three major GaAs processes -

MESFET, PHEMT und HBT - on
their respective line: cs i€

Anadigics’ Process Develop

 Fiber Products (TlAs)

* 2nd Gen. Swih:hgs

currently shipping qualification sim-
ples. and 15 on target for production in
the third quarter of 1999, according
1o President and CEO Bami Bastani
"We have already run every major
product on' the 6-inch line.” he says,
Yields are as high or higher than the

| » Power Amplifiers d-inch line. Our plan is 1 move com-
* Cable & Brocdeast pletely fo-the 6-inch line, and close
* Switches dawn the 4-inch line by September or
* Fiber Products {TlAs) October ol this y i nidded
B e H that the new fab 15 capable of generat-
= - Gals PHEMT ing sround S500 million in revenue
Silicon for CATV
b GaAs MESFET
— In amother move 1w broaden it
1 product m Anadigics has intro-
1998 1999 2000 §f duced s first on device. a dials
= fFrequency svmhesizer for CATV

Among the products fubricated wsing Anadigics’ Gads MESFET process are; PAs for
wireless andsers, components for the cable and broadeast ine

The device 15 designed
and ested s, and mang

e applications
diestry fe.g. fine amps,

reverse amps and wp- and dy
optic applications and a new line of

CUVEriers),

£l i g3
teltes, alse for fundsets,
used for TLAs and will be used for second-genevation switches. Use of an external Si

The PHEMT process is

lifiers (T1As) fir fiber-

factured by aiwin Semiconductor
Manufacturing Company Lid (TSMC)

Joundry ullows Anadigics to develop new RF products, initially for the cable and broad-

cast market, The fieinch fab is expected fo be u great source of competitive advanruge
whien it heging production later this year,* Anadigics will infroduce GaAs HBT products
Jor handset PAs, initially through its agreement with GCS, and then through its internal

G-inch HBT process.




Gafs ICs - NEWS

Anadigics' first silican device, @ CMOS
dual-freguency symthesizer,

in Taiwan: “The development of silicon
products: broadens our product portfolio
and provides new opportunities in the RF
comimunications markets,” says Hon
Michels, VP, Cable & Broadeast sezment.
“To provide a low-cost, lughly integrited

casy-to-use solution we chose a CMOS
process, wherens most dual-symhesurer
solutions for wner pplications use o
Bi’MOS process” The part is designed
fior cable madern, set-top box, TV, and
cable telephony  wner  applications
Anudig Iready o leading supplier of
GaAs MESFET 1Cs, meluding line
amplifiers, reverse amplifiers and up- and
down-converiers, for the cable und broad-
cast industry.

Wireless Handset Switches

In the absence of universal wireless
standards or operating frequencies. sub-
seribers contimee 1o demand multi-hand
and multi-mode Bandsets. For example,
Eriesson recently launched the KETRR
handset. i dusl-band, tri-mode phone sup-
porting analog and digital cellular aswell

as PCSsystems m the LS, The phone fea-
tures a single PA supplied by Anadigics
which combines the functionality of two
amplifiers mto 4 single, space-saving
package,
Such handsets require. switches 1o
convert from one mede or band to anoth-
er, and Anadigics has also anneunced 4
new GieAs switeh 1€ product. line. At
present, the major suppliers of Gahs
switches for handsets are Alpha and MiA-
COM. Anadigies hopes to leverage the
new feinch fab to enable delivery of low
cost devices with short lead times. The
new devices are MESFET-based. while
the next generation of switches will use
the PHEMT process; The single-pole
double-throw (SPDT) reflective switches
operate from DC 1o 3 GHz, and aceept +3
10 +5 Y DC supply voltages while offer-

ing low power consumption,

Motorola Orders Alpha GaAs 1Cs for iDEN/GSM Dual-Mode Phones

Ipha Industrics has received production orders for G
RFICS and discrete components for a mext-
handset that will operate on_hoth

Maotorola dual-mode w

IDEN and GSM networks. This versatile new hi
& and which i
reaeh the market later this vear, will feature Infermet acoess capa-
5 only & munces. “Alpha will have
four high-performance CaAs RF ICs in gach handset, o mean-

be usable in more thim F30 eount

hility ina package that w

generation

dset, which will
eoted 1o

tant (PDA).

A ingful dollar content,” s:
dirgetor for REIC products.

Matorola’s IDEN integrated digtal commumication technol-
ogy mmbmm the functions of a digit

s David Fryklund. Alpha's business unit

\\Iwn connected to a notehook compuier or personal digital sssis-
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Hittite and UMS Announce
Mm-wave Agreement

Hilli[: Microwave Corporation (HMC)
and United Monolithic Semicon-
duetors (UMS) will offer new millimeter
wave  products utilizing MMIC  die
fabricated by UMS and packeged wsing
HMCs recenthy introduced surface mount
hall grid array (SMT BGA) technology.
The new products will address point-to-
point and point-to-multipoing wireless
systems (e.g. LMDS), very small aperture
terminals  (VSAT), and LEO/MEO
satellite telecom applications, and they
will _complement the current MMIC
standurd product  offerings of hoth
companies.  Millimeter wave  radio
designers: will now be able to casily
implement  advanced MMIC  BGA
technology  onta high-volume solder

TriQuint Partners with
RF Solutions

s part of ity strategy to develop a
Awor]dwlt[c network of independent,
authorized design cenlers to-support its
GnAs foundry  busimess, TrCQwint has
partnered with RF Solutions, Tritquint
will move RF Solutions’ designs. mto
production  and  provide  wafer
manufacturing, assembly, and &
services, RF Solutions has REIC desigi
EX[ se in GaAs MESFET.

HBT, snd Si-BiCMOS processes.
Solutions has excellent experience in the
are of telecommunications 1C design for
various - wireless applications including
W-COMA, Bluetooth, LMDS  and
WLAN, combined with solid connections
1o Cieorgia Tech. They will offer strong
SUPPOIL 16 Ot customers seeking custom

Conexant, Anadigics Supply
PAs to Ericsson

B.uh Caone and Anadigics hive
announced that they are shipping
GSM  dual-band  PAs 1o Ericsson.

Conexant’s digital cellular PAS use the
company’s GaAs HBT process to increase
talk and standby times. The GSM dugl-
ged in one of Conexant’s
sed multi-chip modules
(MCM) specifically developed for wire-
less applications. This technalogy allows
for the integration of multiple devices and

fuctor pac

The
will be used in
mabile phones; The  dual-band
patented sir in design provides
basth GSM 900 and GSM 180 operation,

reflow PCB assemblies. As [C solutions m the Southeastern
Bruce Fournier, VP of

fonndry services division.

therehy reducing size and cost through
mtegration. The PA 15 housed m an S50
16 package, which measures less than 3
mnt by 4 mm,

Alpha buys ASML Lithography Stepper

Ipha Industrics has ordered 4 PAS 3300/ 100 t-line lithography
stepper from AMSL for use in the production of CGaAs 1Cs for
wireless communications, With headgquarters near Veldhoven, The
Nethertands, ASML is the warld’s se ond largest s Jppl or of waler
steppers and step-und 3
division was laumched fa

Jesign rules &Imm to .40
Jution for eritical process

Epper 1'111 manufacturi
pm with optitmum depth of focus and re
layers.

KDF Acquires PVD Batch System Business

DF Electronic & Vacuum Services, Inc, (Orange

bought severl baich in-line sputter and eich sy
lines from Tokyo Electron Limited (TEL). KDF has be
turing TELS batch PVD systems for several years, as well as selling

under its awn nme. TEL ‘originally aequired the hatch praduct lines
from .‘\nm MRL Th\.

NY) has

(:a \\ industry remuins a niche murket for
to which the
.>dd I‘I<|i~rcd

damtul off
water handling. and can exsily aceom
even broken water frapments,” say
Aed oot at relatively low temperatures, and b \I| 5
arvund halfa million dollars, compared to seve
cluster tools”

tration  of
dm. “Mun these real-
«ba@mc%&ﬂm\gﬁm e commented.
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New Facilities and Reorganization at RF Micro Devices

with IBM, which aln
he Si BICMOS process

foundry services.

1o wdd aceess b

New HBT Process

ization, these

Jed design
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allow for the phnned incresse &= prodecion czpacity. The
w‘ﬂhnmbmimmammwﬁ
drvadaa! | comtrole It is desigmad foe round-
theclock operation and the compiny reports that several
MBE systemms &c now o oic.

Packaging. Test and Design

mbmmmmmm

porting circuitry, m(k.n!mg pESSIVE COMPONENIS, INtD an
i mlx!nl.l! packsge, which drmancally reduces
lh:alamlpzmruqurrnd in the customer's application <ir-
cuil. This mcreased level of vertical integration will allow
RFMD w supply cusiomers with more complete #F solu-
tions. The company has also compleicd 3 move o
expanded test floor which more than inpies the output of
lested parts.

A new 5000 square foo! dewign center has been
opened in Cedar Rapids, losa, 1o house 2 team of senior
leved RF engx and techwicians d high-efficien
¥ linear PAs and other RFICS fo be used i celfular and
PCS telephonies. The design center will contain engineering
offices, labs and CAD equipment. whils production of the
RFICs will be don¢ in the RFMD GaAs HBT foundry. This
anncuncement follows the opening in April of RFMD'S
first dwgl u:ma in'Scotts Valley, CA. “Our goal is 10 have

phically diverse i ing design ceniers
across the LS and around the world” says Williem Prat,
RFMD chairman and chief technical officer,

Chinese Fixed Wireless Customer

RFMI) has received orders from its first major cus-
tomer in Ching, Beijing Xinweit Telecom Technology Ca,
10 supply components for & new fixed wireless phone sys-
tem. The COMA-based network will consist of a base sta-
tion with a wircless connection toa single fixed terminal or
handset and a wire-line connection to the phione network.
When fully operational, the broadbind system will deliver
voice, fux and low bit rate data service. Advanced versions
of this system will allow customers fo access the fived
wireless network inside the home, #nd the cellular network
outside the bome. both from & single handset. Beijing
Xinweit Telecomn has forecasted sales of betwesn 300,000
to 400,000 units during the first year, with volume |ncregs-
mg o over | million units per year. “RFMD has identified
fixed wireless technology as a leading strategy for delivery
of basic and expanded phonic service to developing
nationd.” says Jerry Neal. VP of sales and marketing.
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High Performance Components
To Make the Most of Your MBE System

For over a decade, EPI has led the MBE industry in offering innovative
designs and breakthrough technologies specifically to enhance and
optimize the performance of new and existing MBE systems. Ongoing
development programs continually enhance existing products as well
as creale new products to meet the increasing demands of the
compound semiconductor research and production marketplace.

Since each element has unique evaporation characteristics, EP|
designs effusion cells, crackers, and vaived crackers that are
specifically tailored to optimize the performance of any MBE system.
Examples of EPI's technological advancements include;

u sumo™

This novel approach to effusion cell design enhances material quallty
by reducing Ga related oval defects while increasing useful capacity
which allows users to maximize system up-time,

= UNI-Bulb™

The leak-free, one-piece PBN bulb, in comjunction with the
waler-cooled coaxial RF coil, pravides the most efficient RF source
for nitregen available today, Previous problems associated with low
GaM growth rates in MBE have been addressed with demonstrated
results of 1.0 pmihr,

® Valved Crackers

in the most table ur ities, research labs, and
production epi facilities worldwide and are considerad to be the
intustry standard. Valved crackers are ulilized by users who need
precise group V control in the demanding area of GalnAsP
quaternary growth. In addition, users benefit from the ease of
calibration and large usalul capacity.

B Corrosive Series Valved Cracker

Spemfir_allrv_ designed for corrosive elements such as antimony and
telurium, The novel PBN crucible and valve mechanism has proven
to provide the capabilities o grow complex structures not previoushy
possible with conventional sources;

Please contact EPI to discuss your growth and deposition needs or visit
EPI's web site al www.epimbe.com,

EP1 Eurcpa
147 Choriey New Road h Japan Company Lid,
Haorwich, Bolton BLE 5QE -3 Kalsukura
Greater Manchesiar, UK
} D4-GER3AR6

§ 1-204-BERAEE
surcpeiepimbe.com  FAX {+81)]
E-mall viee!

Freducinn
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Thomas Swan Announces Reactor Sales,
Collaboration

homas  Swan has. received an order from LandMark
Optoelectronics m Taiwan for the largest version 1o date of

the close coupled showerhead (CCS) reactor for the growth of

InP- and GaAs-based materials, With a capacity of 12-18 2-inch
wafers, the reactor is three imes the size of standand machines.
A second Taiwanese company has placed orders for three GaN
6% 2" systers,
In Europe, the company ha |<J||§t delivereda 3 x 2" GalN sys-
tem to-the University of Bremen in Germany and is also about m
delivera similar GaN system 1o the University of Sheffield, UK
8 it will eollaborate

¥ of Cambndge, UK in & major progrum to
develop the ervwlh of GaN-based materials by MOCVD. The
company will donate a 6 x 2" reactor to the University for usé in
a J-vear program funded by the UK's Engmeering and Physical
Sciences Research Council (EPSRC). Researchers will study the
fundamentals of growth and the relatonship between structural
defects and optical and electrical propertics, and will also fabr-
cate GaN-based electronic and photonic devices

EPITAXIAI.. WAFERS

Epitaxial
Technologies offers
standard and highly
challenging epitaxial
favers on Gads, InP
GaSh, InSh and InAs.
Wafers that meet your needs

« High quality, low cost, fast turn-around
Wireless and RFICs

» GaAs MESFET, p-HEMT & HBT
Infrared Sensors

= GaAs, GalnAs & Sh-based QWIPs
Optoelectronics

« VESELS, MSM, PD & APD
Advanced Device Technologies

* InP- & Sb-based FET, HEMT. HBT & RTD
Tel: 410-455-5504
Fax: 4104555505
e-muil; eprwafersiaerols.com

1450 Soutt Rolling Aoad, Baltimors, MD 21227

Helping You Grow Your Business!

EPITAXIAL
TECHNGLOGIES,

1§ Compound Séicongdue

Rohm and Haas Buys Morton

arton International, the parent company of the Morg

Metnlotganics business group, o leading supplier of
MOVPE growth precursor materials. has been acquired by Rohm
and Haas Company. This creates s 56.5 billion specialty chemi-
cal company with 130 manufacturmg and rescarch sites in 235
countries, and approximately 23,000 enployees,

The metalorganics business will now: operate as Rohm and
Haas Metalorganics, “Our new, manufacturing facility in Norh
A. has heen operationil
since March 1999, providing us with a
sizeable increase i capacity and
improved analytical quality control.”
says Memlorganics mrket mana
Bob Stennick. *We have already initi-
ated o rapid integration into the new
Rohn and Haas organization, and the
combined company will affer a broad-
er und improved product line, backed
with extremely strong lechnology. ser-
wiee and research capahilities™

ROHM
iHARS

AXT to Mine Chinese Germanium

Amn.rlL-m Xtal Technnlogy, In\ (AXT) hias entered min an
agreement with Nanj um and Inner M

Mining to mine germanium 250 miles from Bei
agreement supplements sources ol Ge and gives
AXT the right to purc 7 the joint venture at
competitive prices, € re widely used in the growtlh
of HI-Y solar cells, The vemture will produce an estimated f
tons of Gie in the fiest year of operation and five tor the soe=
ond year. The ming has an estimated 1,600 tons of Ge, or appros-
imately 30%0 of Chinas towl known reserves. AXT recently
anronnced that it is building o new facility in Beijing to grow Gie
substrates by the VGF method. The company has aiso signed o
one supply contruct with Spectrolab, a
munubicturer. The new venture is seen as a way (o furth
casts in this price-sensitive, low margin

sading solar cell
t control

In Brief...

Union Carbide’s crystal products g
pliers of sapphire substrates for
Bicron, part of the French indusir
The ougil, WA-based unit {s ne
Produets and has 100 employees and ¢
million,

he fabrication of
ads for the datm
w-cluster ool

CVC. asupplier of deposition equipment
semiiconductor 1Cs and thin film recording
storige industry, B i
system toa leid

imese electronics manufacturer
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P El has Faunched a
mnge of aluminem 6N5 MBE-grade ingots
with very low S5, Fe, Ga and Cu content, and
an alpha-gmitter content of less than 1 ppb.
Promecome is the sole agent workdwide for
Pechingy High Purity, a division of
Aluminim Pechiney,

EPI MBE Products Group has expanded its
burn-in capacity to incrense effusion cell pro-
duction and service capabilities. Since mov-
g o & new, biger munufucturing facility s
year ago, EPL has added new burn-in cham-
hers which have doubled cell rhmughput in
pm:luulnn and increased throughpat - ser-

More Reactor Sales

Aixtron his announced sales of o number of ALX 200 series MOCYD reactors
for the growth of nifrides. One has been installed at Showa Denko Research
Lahoratory in Chiba, Japan, in order 1o develop new LED structures, and assist

the company with a move into the white light marker. The University of

Montpetlier 1| has purchased o systiem for growth of AlGaN-based structures
for detectors and electronie applications. A further reactor will he mstalled at
the University of Bath, England as part of a collaboration with Arimi
Optoelectronic Corp. of Tatwan that targets the development of processes for
mass production of blue and green LEDs,

Frnunn' recently unnounced the sale of nine additional “*SpectraBlue” GaN
MOVPE reactors, bringmg the company’s total number of GaN

vice by four times. EP1 has also further inte-
grated its own Molly control software into the
burn-in and test procedure.

Wifer Technology Ltd. has added 1o it
tange of GaAs sul mrown by the verti-
cal gradient frees hmigue by offer-
ing 3-inch (75 mm) silicon-doped and
undoped VGF Gads for laser, LED and elec-
tromics applications,

S_\ stems sold to date to $1. “Five of Emcore’s GaM system customers represent
multiple orders, and one customer has eleven SpectraBlue systems.” says
Reuben Richards, Emeore’s President and CECL

Epigress will deliver two VP30S “Hot-Wall’ Silicon Carbide CVD systems to
custormess in Japan. One is an industrial conglamerate and the ofher a nation-
al research and develog nstitute, | ing in the national ‘Hard
Electry i project. Both systems will be dc:ﬂgncd 1o enable the user 1o
produce homegenons, ultr pure and thick or thin epitaxial layers,
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SILICON UP

CMOS Dual-Band Transceiver

ROBERT A. METZGER

moving from minimum geometries of (.25 um to (.18 pm,

with a few attempting to leapfrog all the way down o
0,12 pm, One might befieve that it would take such smull geom-
etry CMOS capabilities in order to compete in the all important
B00-2400 MHz RF marketplace with such GaAs staples as MES-
FET. PHEMT or HBT, or even with SiGe HETs and Si BJTs and
BiCMOS technologies.

Consider again.

In fact, consider o very hasic CMOS process; one with min-
imum geometries of (.60 pm. Such a process typically provides
cut-off frequency (f;) values of only 10 and 4 GHz for the N-
channel MOS and P-channel MOS portion. respectively, and
exhibits threshald voltages with magnitudes of 0.8 V and sub-
threshold slopes of 85 mV/decade. Using just three layers of
metal (aluminum) with a minimum pitch of 1.5 pm for the first
layer, and sheet resistance values mnging from 35 to 70 mdo,
vou have what could only be described as & very basic CMOS
process.

Can such a process support any of the wircless standards
through the 800-2400 MHz bands. parmitting the fabrication of
# complete ransceiver? Or berier yet, could such a technology be
used in the fabrication of an even more aggressive dual-band
transceiver?

s recently demonsteated by Behzad Razavi and Stephen
Wu from the University of California at Los Angeles, the answer
is yes {1,2). From & commercial perspective, dual-band-applica-
tons are quite attractive, offering the customer the ability to
seamlessly access different operating systems, or mixing capa-

Bﬂﬂm:l dollar, state-of-the-art CMOS fabs are currently

Photograpl of the transmitter die, which has dimensions 1.3 x
0.85 mm’. Each inductor (the purple-colared spirals) is inte-
grated without further processing steps and consists of a stack
of three structures made of three metal liyers, This reduces the
area by around a factor of eight.
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bilities such s cellular wath Global Positioning System (GPS)
ahilities, and all of this in o single small transeeiver. The twa
sundards whicl the UCLA rescarchers have emploved in their
duil band transeeiver are Global System  for Mobile
Commumication (GSM) at 900 MEz and Digital Communication
System (DCS) at 1800 MHz. These two stundurds have distine
advantages in the fabrication of a dual transceiver, since they
share many comman characteristics, including Gaussian
Minimum Shift Keying (GMSK) for modulation, and Time-
Drivision Multiple Aceess (TDMA)

The transmitter portion of the circuit is confligured as o -
step drchitecture, in which the circuit generates the first upeot-
verted signal in quadrature form and then performs single-side-
band (SSB) modulation to produce the output in two hands.
Operating from & 3 V supply, the transmitter circuit consists of
four upconversion mixers which dissipate 10 mW, an SSB mixer
which consumes [0 mW, and o35 mW output buffer. The trans-
mitter die, shown in the figure, measures 1.3 x 0,85 mm? (and
inicludes on-chip inductors) and exhibits unwanted spurs 40 48
below the carrier signals,

In the receiver chip, the signal received by the antenna in
each hand is applied 1o a duplexer filter to perform band sefec-
tion. The LNA and two quadrature mixers are used w boost the
signal and transtate it to an intermediate frequency (1F) of 430
MHz. The receiver achieves an overall noise figure of 4.7 dB and
input third intereept point of -8 dBm at 900 MHe, and nose fig-
ure of 4.9 dB and input thied intercept paint of -6 dBn at LE
GHz. The 1.54 x 1.37 mm? ¢hip exhibits a voltage gain of 23 dB
with & power dissipation of 73 mW for a 3V supply

Perhiaps these characte don't impress you, I'm certuin
that many of you reading thi gither aware of, or actually work
in, more advanced GaAs-based technologies which are capable
of lower noise figures and spurs well helow the 40 dB which were
achieved here. Yes, there is always o better technology: But as the
marketplace often dictates, fust enaugh, is just enangh. Will this
research-generated dual-band tanscerver ever see the conmer:
cial marketplace? Razavi says that he currently has ao plans 1
comercialize the device, But the fact that it has been fabncated
demanstrates quite clearly that in the all-important §00-2400
MHz band, even the most basic IC technologies such as a simple
three-level metal, 0,60 um CMOS process can be used to fabn-
cate o dual-band transceiver. And these ever-growing silicon
capahilitics have not gone unnoticed by the commercial GaAs
manufacturers, with RF Micro Devices, Vitesse and TriQuint all
now offering silicon-based ci
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WDM Spells Robust Market

for Telecommunications Lasers

Several factors are comverging to increase demand

Jor telecom

the advent of WDM

equipment—gnd
kas changed the face of the telecom eguipment industry
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add mvrz wevtiongis o the sere fiber © Morsse the et dats Mz,

using WDM (warvelength division mubtiplesing). WDM works by
merging the fight from several bsser wources ono 8 single fiber using
one of severad components. smilar 1o a prism. The wavelengths prop-
agte together without imerfienng with each otha, passing through
optical umplifiers along the wary. Al the other end. the reverse process
tithes plisce, snd the light &s split by wirvelength 1o different detectors,
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WDM vs. More Fiber

WDM mux-demux  vs
§320.000
T Asaur

Laying new fiber
$37.500,000
. .

WDM muwe-demux  va
$40,000

Lighting dark fiber
5320,000
oo

WDM vs. New Fiber

The acceptance of WM technology—and it has receiveds
enthusiastic welcomé—his transformed the capital spendingpa
tems in the telecommunications industry. Investment has shifie
awny from laying fiber in favor of installing new equipmef
and more lasers. Some explanation of this trend is provided
Figure L. If a carrier has exhansted all of its installed fiber ar
needs more capacity for its customers, it can install more fiber, |
mstall WDM equipment on jts cxisung fiber With the costi
installing fiber commonly at $100,000 or more per kilometer,
SO0 km installation could cost $50 million. In contrast, the WEY
cquipment at each end may cost abowt 1/100 of the cost of layit
the fiber, or under $500,000

Another consideration often overlooked is thar WDM isoft
cost-cffective even where ext Fiber is available. This is beca
the cost of lighting the so-called dark i ncludes installif
optcal amplifiers all along the route for that fiber, and the anp
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fiers are expensive. [n contrast, WDM can use the existing ampli-
Fiers in the lit fiber, In real systems, many other considerntions must
be taken into account, but the argument for WDM remiins very
strong.

Telecom Laser Markets: Transmitters

Sales of transmitter laser diodes operating at 1310 and |550min
should top §1.3 billion this vear. That figure 15 23% higher than it
wits last year. Unit volumes will be up around 35%, but sverage
selling prices have concurrently declined by aroond 100,

There are several companies that deserve to be considered as
misjor suppliers of wlecom transmilter lasers, I vou were o group
them peographically according to where the lasers are manufic-
tured (but not necessarily by where the company is headquartered).
the list would includ: the following:

* US: Lucent, Laserwon & Ortel,

+ Europe: Alcatel, Nortel, Uniphase, Hewlet-Packard,

Encsson, and Siemens,

+ Japan: NEC, Mitsubishi, Fujitsu, Hitachi, Oki, Sumitome

and Toshiba,
Lager transmitters are rapidly incorporating manulacturing tech-
miques that allow more automation and lower cost packaging.
New designs i toward including more functions on the chip,
sueh as modulation. WDM components, in particular, require
wavelangth focking to assure stable operation over the system’s
gunranteed fong life.

Telecom Laser Markets: Pumps

Oiptical amplifiers are puihmg toward wider bandwidths 1o
ac date more WM ihs. This. in . requires

 Figure 2

Billion 1899 - 51,78 Billion

Pum Pumps
bt @ 2% |
Transmitters

& Transmitters

£ 6%
Revenue (SM)

1997 1998 1993 CAGR 98-98
918 1110 1,350 +22%
- 120 160 +33%
- 130 200 +121%
205 250 450 +7%%

1123 1360 1800 +32%

Saurce: Stiasagias Unimiled

more and higher power pump lasers operating at 980 nm and
1480 nm. The pumps activate jons in a specialty fiber, which
leads to amplification oFan optical signal passing through the
fiber.

Rapidly increasing demand for optical amplifiers has led
to phenomenal growth in the pump laser market. This is
expected to continue as amplifiers extend ther bandwidth. In
1997 typical amplifier bandwidth was 30nm (from 1330 10
1 560nm), but now it has increased o 80nm (from 1530 to
11 0nm ). We should soon see amplifiers with bandwidth of
more than 100mm.

In addition, optical amplifiers are finding applications in
new areas. The most significant recent events have been the
gceeptance of 980nm pumps for undersea applications and
the wse of 1480nm pumps for power stages in terrestrinl
apphications.

With all of this activity, the pump laser market will more
than double in 1999, with growth in-both 980nm and |480nm
sources. Prices have fallen dramatically; even so. revenue will
be up by nearly 20% due to the implementation of more
expensive, higher power devices, und the rapid increase i unit
sales.

The major manufacturers of pump lasers include;

+ WRinm: Uniphase, SDL, Nortel, Lucent,

Lasertron and Pirelli.

= [480nm: Aleatel, Anrtsu, Fujitse, and Furukaws Electric,
Althongh average selling prices will continue to decline
lespecially when Lalud.lled i terms of $imW1, pump manu-
facturers must be pleased with current design trends. The
number of pump lusers used in each amplifier is increasing.
to an average of almost three pumps per amphifier—and next
vear it will likely be even higher.

More Growth Ahead

The averall plcmrc for telecom laser diode revenue is pre-
sented m Figure 2. Total telecom laser diode revenue is
expected to be nearly S8 billion i 1999, up 22%. This type
of growth is expected 1o continue, with WDM lasers alone
expected 1o reach 33 billion by 2003. As noted above, at the
same time that revenue is increasing, the average prices ang
declining at 10-20% per year. Clearly umit sales are prowing
very rapidly. This is especially true in WM companents.

The rapid growth rates wnd the pressure 1o provide new
and 1mproved components will ereate exciting opportunitics
for telecom laser suppliers. But suppliers will also continue
to fuce increasing demands from their customers, as equip-
ment makers sort through all of the alternutives m' order to
achieve constamtly improving performance—at constantly
lower prices.
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High Power, Al-Free Diode Lasers

Should high power lasers have Al in their active regions or not?
Recent advances confirm that Al-free may be the answer for

the 0.70-0.81 um wavelength range.

DAN BOTEZ
Reed Center for Photnics
University of Wiscansin - Madison

excess of | W are in demand for pumping solid state lasers
and for a variety oF other applications in the printing, med-
5(2). p. 4]
nce and refia-
1o expand
In

Lu.\-:r diodes capable of delivering reliable CW powes in

ical and materials processing industries [see €5
Improvements in material guality, device perform
bility are causing the market for high power lase
beyond its current value of some $130-130 million per yea
some applications, diode lasers are now able to compele
other laser technologies (e.g. replacement of diode-pumped solid
state fasers in material processing) while m other instances the
development of reliable diode lisers opens up new application
arcas (e.g. development of retiable 0.73 um lasers for
photodyvramic therapy ).

Some of the most significant advances have been made
using Al-free Jasers, The term “Al-free” meuns that the active
region of the device does not contain aluminum and for this rea-
son such dev rately termed “Ad-free active-
regon” (or ALl a number of “Al-free” lasers
have wavegnides andior cladding layers which contain Al This
increases the bandgap offsctis), thus reducing carrier leakage
angl, in furn, improving the high temperature performance of the
devices.

Al-free diode fasers have been the subject of intense research
efforts over the last decade, as they offer several sdvantuges com-
pared to their Al-containing counterparts, These henefits are par-

InGads 0.52-0.98 fE- 1%
InGass? 0.81 18-19
IndiGahs 0.81 ~13
Gads 0.81 - 0.87 L
GalsP 0. ~11
AlGads (x = 0.07] 0. -8
AlGeAs [x =0.13) 0 ~5

Table 1. Peoyn values for conventivnally facet-passivated lasers
with a stripe width of 100 g and a length of 1.5-200 mm.

M Compound Semiconductor 5(0) Fuly Angust 1995

ticularly prominent at wavelengths below about 0,83 jm, \\I)eml
traditional deviees with AIG(In)As active regions are being supe|
phinted by GaAs- andior InCiaAsP-aitive devices.

Muost current commercial high power lasers af the technos
Togically important wavelength of 808 nm (used for the optical
pemping of NEYAG solid stie lasers) have ALG
InAlGaAs - active regions. Typically, a number of las
nicited side-by-side o form a lser contuining
more active devices, In turn, th he i verncally
of horzontally to form i device capable of delivering thousanids
of Watts of CW power. These types of product are available from
commercial vendaors such as SDL, Siemens and Cipto Poses.

Severil vendors, notihly Polaroid and Mitsui Chemical, now
offer 808 nm devices with GaAs active regions. The main adyos
cate of Al-free lechnolog
bars in the TRO-
60 W laser bars in the si
These devices, grown by MBE
[nGaAsP quantum well with Al-free wa
AllnGaP cladding lavers,

Why Al-free?

Oine of the mamn factors which limits the available powes
from high power kasers is the onsct of catastrophic optic
damage (COMD),. Duc to significant no ative

Bination at the emitting mirmor ficet its fempe
i the bandgap to shrink and spbsequently causes
shsorption. In furn more c s recombine nonradiat

Facet, setting o runaway process with increasing power, Whic
eventuutly et mel und irreversible dumags
mphiic mirmor damage)

The kéy parmeter in compuring deviees with different)
active regions s the mternal power density ot COMD. (Peoyol
Table | shows Pogyn values o 15 types of 100
i wct that In-con=
tumning active-reglon devices have the highest Poowp vitlues,
while Al-containing active-region devices have the lowest values
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{5 consistent with the fact that AlGaAs
material has o much higher surface
recombination veloeny, s thun InGaAs
matenial, and that Peosy is mversely pro-
partional with s [1].

Table 1 also shows that the addition
of 10-20% In 10 the active region canses &
30-60% merease i Poomp for o given
active-region  materinl, Furthormore,
GiuAs has $0-50% higher Prosep than
Aly =Gy 145, the commonly used active
region material for (L8] pm lasers,

In the 078080 pm wavelength
range, for example, it has been shown thay
the reliuble power level for ALFA lasers
with InGaAsP active regions is-at least
twice as high as for AlGaAs-active lasers,
For the 0.70-0.78 pm \\a\-c]cng!h TANEE,
InAlGaAs-active devices generally need
high Al concentrations; 18-30%, This
often leads to oxygen-related defects and
subsequent degmdation. This so-called
“hulk degradanion” of InAlGaA
devices makes ALFA-tvpe devi
and large, the onky high-power T\.!mhlc
saurces al present.

Another mujor advintage of Al-free
devices is that they employ InGaP or

‘ Index

Mw

Nzl

—_—

x

Figure 1. Schematic representation of a
Broad wavegnide (BW) luser structure,
showing the effective-index profile fred)
and the field-intensity profile thlue),

IriiaAsP, These muterials have a low
reactivity to oxygen, allowing easy
regrowth(s) for spatial- -mode control, L
index-guided devices, or frequency-mode
control, i.e. d|~1nbuncd I'ucdh.:\k {DFB)
Jasery. (her ad d with

wihich /] r can he incredsed s o use hiroad
(BW) i
heterostructure (SC H} lasers 1]
Figure | depicts. o schematic repre-
sentation of the BW-SCH strucwme. A

il-

AlGaAs-bised dmue are the ability to
use smin compensation for betier long-
term reliability, as well 85 significantly
lower series resistances, which i tum
allow for higher wallplug efficiencies ut
higgh utput pawer levels,

Equivalent Transverse Spot Size
and Broad Waveguides

The internal power density at COMD
(Peoan) is related to the meaximum CW
powwer at COMD (Puws cw) by the equa-
tion below{1].

large atide width (1) ensures a large
T vl s well as a low imtermal cavity
loss {=1 ¢!y, In tum, one can use rela-
tively long devices (1.5-2 mm), which
provide low electrical and thermal resiste
unces, A a result, record-high CW pow-
ers have been achieved from BW-type
deviees at wavielengths from the visible o
the mid-infrared. as shown in Table 2,

0.97 pm Incoherent Lascrs

Atypical BW structure 35 shown in |
Figure 2. At |3 pm thick, the wivepuide
15 indeed broad. [t supports lising of enky

1
| Pﬂ—(li) W (:_%) P |

In the eguation, d 15 the thickness of
the quantum wellis), T is the mansverse
optizal-mode confinement factor and the
ratio dT 15 defined as the equivalent
(transverse) spot sz, W ois the stripe
widih and R is the front-favet reflectivity,

1t has been established that Peaun i
a function of the active-
for  conventionally

tionul processing for significant n.llm.lum
in light absorption at their mirror facets).
The valuwe of Py Is 1 effect mversely
proportional to the surface recombination
velocity, s, provided that s exceeds 109
emis [1]. Henee, fira given active-region
material (with = =10¥ emisec) and given
stripe width. the value of Py, ¢w scales
directly with &7, An important way in

0.67 InGeP 1.3 b4 U, Shuttgort [2]

073 GahsP 70 100 FBH-Berlin [3]

08! InGaAs? B8 100 1. Wisconsin [4]

0.57 InGoAs 10 100 . Wisconsin /Sarmoff15]
0.97 InGaAs 168 200 Sarnoff/U. Wisconsin [6]
1.47 InGohsP 52 200 Sarnft [7]

2.0 InGaAsSh 19 200 Sarnolf/ Princatan . [8]
23 InGoAssh 0.5 200 | Samoft{9]

Tahle 2, Record CW output powers achieved by uxing hroad-waveguide (BW) fusers
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the fund | transverse mode, sinee
the Indorder transverse mode 15 sups
pressed dug 1o mdintion losses w the sub-2
strate ws well as ahsorption fosses in the:
metal contaet [5, The maxinmum CW nd
quasi-C'W powers are 11 \'{ und 143 W
respectively, for 100 pm x 2 mum contac-

area deviees, These values represent the
[ i powers reported for InGaAs-|
sers, und, for that matter, for any
t\Tu of conventionally facet-passivated
100 pm-stripe widih diode lasers. The|
wallplug efficiency m 106 W is 40

The miin rea
CW power and wallplug efficiency af
high power are: very high values for the
equivalent transverse spo size (/7= 0160

pm) and the intern
COMD (Peoam
virtually tempe

paower de

ure-insensitive externil
differential gquar ency (2. only
a 3% drop from 20°C to T0°C ) [ 1], Lastiy
the series resistance (Rs ~ 26 méd) is at
ased devices

the: record
Lwngy ({3t

diode lnscrss
and, for that matter, for uny type of lasers:

Most recently. hers from
Samoft. Corp. and the 1 sity of
nsin - Madison have .Lpnru.d

igh CW and

of 168 W and 23.5 W, r




COVER STORY

200 prm-stripe. devices of the same strocture shown in Figuee 2
[0, These vatues are records for iy type of single-stripie diude T Mode
wsers. Furthermare, & prelinmnary liferest w6 W CW outpue and

45°C showed only a 6% power drop after | 200 hours

- i {E"-d rder

0.73-0.81 pm Incoherent Lasers '“U-f-'G"‘U"°P| I
Traditional lasers for pumping Nd: YAG solid-stare Jasers ot
(81 pm contain AlGaAS active regions, while InGaAsP or GieAs
can be used as Al-free alernatives. Based on the Py i
Table 1. devices with InGaAsP active regions are
demonsiraie reliableé powers at least twice those off
active du\.m.‘. Smulul\ [[|L ulmh!n [\l\u.‘l\ for liu’\ LlI\l:

= 70A nGeAs | -3 pm

InGoAsh:

llu_ u||||1||l power level at which |Jx_\-|&.u
 hegrradation in output power or
increase in driv it Tixed ousput power over L0060 hors)
i# genemlly 30-50% of the COMD vutput kevel,

Reported  experimentsl data [see Table 3] confirm  the
ahove-stated  predictions. Comparable 1 em-long laser b
(L8] pm show reliable operation at 40 W for InGa
regions [ 10] (see Figure 3), compared to 20 W for AlGaAs-active Figure 2. Schemutic .rzprr.\mmirm
devices, More recently, employing InAdGieAs-active devices, wavezwide 0,97 pm-emitting diode laser [5). Devices with this
Siemens has reported reliable 400 W lasers [ 1], while Coberent structure vecently demonstrated record-ligh CW and guasi-CH
responded by commercully introducing 60 W bars at the et powers of 16,80 and 23.5W respectively, from 200 po-stripe
CLEQ *99 meeting in Baltimore, MD (see page 421  devices f6f.

0th - rder
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0.915 InGasis 60 W reliohle operation’

0.81 InGaAsP &0 W relioble operation’ A0 W relioble operation’ (InAlGass)
20 W reliable operation! (AlGads)

081 Gahs 2 W relioble operation? 1.2'W relible opertion?

0795 InGeAsP 40W reliable operation! 15:20 W relible operaion!

0.78 InGaAsP 40'W reliohle operstion!

075 ~ 400 hours ot 1 W2 [24% Al)

0.73 GohsP 3005 hours of 0.5 W2 750 hours ot 1 W2 [10% Al

InGadsP 1000 hours at 1 W2 500 hours ot 0:25 W2 [24%, Al)

<70 hours ot 1 W2 [30% Al]

e
=

808 nm 40W bars. 25°C
13 Dovices. 48,000 device hours

in
T

=

Normalized Current
= 5
1

o
(]
=)

2000 4000
Time (Hours)

Figure 3. Lifetests at $00W CW for I em laser bars emitting ar
O8] g, These ALE I-mw devices, manufactired by Coherent,
contiin o single tensil i InlradsP well with
Al-free wavegniding I‘urr\ and AllntiaP dm‘drirg tayers f10],

Furthermore, at CLEO *99 it was reported that Coheren
obtained reliable bor operation at elevated temperatire
for 1000 hours at 50 W gquasi-CW. corresponding 1o 1 billion
As for si L L0 pm-stripe ¢

s have shown good reliahility at 2W CW compared 1
W reliable powsr from 100 pm-stripe AlGa ive devi
By studying the P values in Table I, it appedrs that éven
hq,_.hrr POWERS ible with [nCGaAsP-active devices
i 2 (L9T-0.98 pm) and InGaAsP-active

ave virtually: the same Peoam. and Int
CW power at 091
e devices: should be
0.E] pm.. The
bar by Coberent

pm [E2], it is expected that [nG
able 10 peovide 60-80 W reliahle CW poy
recent commereial introduction of a 60 W

A=

validates these expectations

For-the 078080 - region. 40 W reliability a1 bath 0,795
i and 078 um has been reported tor Al-free devices, while
InAlGaAs-active burs provide only 15-20 W at 0.795 s I the

28 Compound Semicard
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Table 3. Reliability results for laser bars and broad -waveguide single-sivipe devices, af varlous wavelengthy. ' 1 cm bars, * Singly
L0 g seripe wideh devices, * Single 1560 jm stripe width devices.

\th"wlmh\ 'I‘|‘u||]|lh.n. r
with 24-50%
¢ that the cause

th aroups [3
Al have proven

13], while InAlGa:
unrekinbie with usln;!..lh

dation. A notable L\u.plmn 15 the Polaroid [ 14]
ol moderately relinbie 0.7 1o per 1000
hours) an | W CW l‘ll\]\lll mitum wells,
:-hnrl-ca\nj. (500 giimy Al ct, the price pad
i per L i, 10%)

ik Srong temmperature sensitivity for o
ih much less 1e
[l. | e show on

sed on Poosn va
- \I_- for 3 W CW reliable

: digdes®
sensitive (073 pm
sradation per 1000
( Table 1), the porerntial
power from 100 pm-stripe ALTA

-Aperture Coherent Dev

5 (1.97-0.98 pm)

There hasbeen significant eff

v the last decade tovwand
achie

are (= 1k
ster-pacille

crent powers
s, ['h_w.u such a5 he 1

cquency powers, However, such
finement,

devices have no laterad-my

and hence po
nherent instibilities die 16

tions indu

serions issues
there is.a need for e
seleet fundim
mivde o high d

As in the case of sinple-elemen
rmillm cin achieve fan

o5 that not only
tain i stable

minde. There an
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| two types of such
W oulput powar 1.6W devices: anti-resonant
reflective uptical

waveguide (ARROW)
lasers and resonant
optical  waveguide
(ROW) [aser arrays
ARROW-type
devices have o Jow-
index core and mode-
selective lateral re-
flectars, and  have
.\l'l\‘\\'l] L3 W in a-sta-
lobe Ben
as well as 0.4 W CW

1.0W in main kobe
‘ A= 0985 um

15010050 00 50 100
| Angle (degrens]
Figure 4. CW far-field pattern af a 40-
elentent, near-resonant antiguided i lble, dif
array, When operated at il'\ threshold resei o s
current, the output pawer is L6 W CH =l o
with 1.0 W i the main labe. The U= 098 um). The
wallplug efficiency is 23% 16/, P“lt_‘m“' _J“’ -'\l_m““'
devices 15 estimated
ble, diffraction-limited operation
erture widths,

1o he O.8-10 W CW
(% = 0,98 jm) from devices with 8- 10 pm &

ROW Iuser arrays have the optical field peaking in low-
lobal interclement cou-

mdex, hi 4in regions and resonant
pling via trav '-Ihn}, waves 18], From AlGaAs-based devices, 0.5
W CW and 2.0 W peak-pulsed powers in diffruction-limited

heams: have been-achieved from 100 pm-pperiure; 20-element

devices [15],

Al-free technology
lized to achieve 100 W peak pulsed power in 2 near diffraction
himited beam from 200 pmeaperture, 40-clement armys
However, those devices had a relativelv small An (0.0
resulting in beamwidths 4-5 times the: diffraction limit ot 1 \.\
CW power, due to thermally induced multi-moding

Muost recently wie developed [16] 40-¢
index step (An =0.1), Devices with
sinee they are virrually insensitive ta o nduced changes i
the refractive index, and are less sensitive to thermal lensing.-A
stable narrow beamwidth (067,
ction limit) up to 1.6 W CW, and 9x
ce for coherency is not ton high:
n‘||||| g ¥ .|| 24% a
0.8 Wand |.6W CW, respectively, At 1.6 W the coherent power
i the main lobe s 1.0W, Thus high-An ROW srrays have proven
stable-beam, watt-range coherent powers, with the potential 1o
stahle, near diffraction-limited beam powers as high as

iy heen uti-

at 0097 pm has more rec

An are attractive

typical device

corresponding

el 23% were obtained ot

achiev

IWOW
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Tunable Lasers

TIM WHITAKER

ical A h

or applicitions such as optical fiber iations and
Fspntmsmp} there is o strang demand for lasers with an

ourput wavelength that can be adjusted and precisely con-
trolled. For example. tunable lasers are in demund to act a8 spares
for fixed wavelength devices in dense wavelength division mul-
tiplexing (DWDM) sysrems, In the futore, tunable sources may
actuslly replace fixed wavelength sources. and will also be
required for optical networking: Tunable lasers are also widely
used in spectroscopy applications, for example chemical trace
analysis using atomic absorption spectroscopy, in which the laser
light detects elements which have resonant lines within a partic-
uliar region of the spectruim.

Figure 1. Top view af Nortel's rum!bf DFB array. Three grat-

ing sections on each of two wavegnides provide a 33.6 nm fun-
ing range. The waveguides are combined fo provide o single
et ar fefi.

2% Channgls 700 GHz Spacing = 3348 nm =1l

Oufpat Spesinum [d8)

HAEsBa488B

53 1344
Wavatength {iLm|

Figure 2. Spectrum of a tunable DFB luser array, The channel
separation is 200 GHz, resulting in 22 channels within a 33,6
e funing wingdpw.
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to Tuning

There are a number of different wiys fo achieve tunability. Iy
1 conventionial distributed Bragg reflecior (DBR) luser, the cur-
rent density in the passive Brage grating section ean be adjusted
to vary the refractive index and therefore the wavelength
Altough the structure 1s sinple, the tummng range s limited to
around S-E0 nm,

Gither modifizd DBR structures hove seccesstully extended
this tuning range. Sampled prating losers: have two dissimilie
gratmgs at the front and rear of the cavity, each of which yield o
“eomb” of reflected peaks. By changing the way 1o which these
cambs overlap, the desired single mode is cted, This givesa
wide tuning range, but requires a complicated control mecha-
nism

In a distributed feedback ([FR) laser. the grating is ocated
within the setve region, and the output wavelenath can be vaned
by adjusting either the cavity temperature or the drive current,
While the tening range is limited o about 5§ nm, several seetions
=‘1h|_| o extend this range, as demonstrated by
Nortel {see below),

Extermal cavity diode lasers (EDCLs) employ @ simple
Fabry-Perot laser diode in combination with an external reflectar

or gruting o provide feedback. The wavelength 15 selected by
mechanical adiustment of the cavity, making these types of laser
more suited to laboratery and instrumentation spplications

Tunable VOSELs have also been demonstrated, with 2 com-
mion approach being the use of micro-glectromechnnical systems
1w provide adjustable eavity dimensions,

Tunability for Optical Communications

The ¢ of providing spares for fixed wi
lasers in DWDM systems 15 the most compellin,
current fevel of interest in tunable devices for op
works, Today’s DWDM systems transfer up to 81 wavelengths ol
light down a single optical fiber. For cach transmission node, this
s 80 different lasers each vpensting dilferent, but pre-
e, wavelength. The channel spacings are hased on stin-
o 100 GHe or 50 GHz grids, cotresponding 1o wavelength
separations between adiacent channels of about 0,8 nm or 0.4 nm
respectively. To complicate matters further, todav's systems apets
ate within the 1530-1565 nm transmission window of conver:
tiotil erbivm-tdoped fiber aimplificrs (EDFAs). However, ey
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techniques are being developed which will extend this window
out to 1600 nm,

In high performance DW DM networks, the sources are DFB
lasers fabrcated with different grating pitches. In these devices,
feedback comes from the periodic variation in refractive index
associated with the grating, and temperature-induced changes in
refrective index cause output frequency’ variations, at & ty
rate of around 0.08 wm?CoWith the very smull channel spa
in today’s DWDM networks, 1t 1s essential to tightly control thess
temperature-induced vanations, and high performance DFB laser
madules far DWDM contain a thermoelectric cooler for this pur-
Pose

At the moment, operators of DWDM networks need to carry
o farge inventory of spares, covering all the wavelengths in their
system. This meuns o large number of transmitter boards (con-
taining laser modules, modulators, driver ICs ete) costing up o
S30,000 for cach wavelength channel operating at 11¥ Ghps, One
board contaming & laser with a tunable moge covenng all the
channels in the system could be held as a spare, saving the net-
work operators significant expense. In the event of a failure, the
tunable ¢ would be introduced in o the system and tuned to
the wavelength of the Taulty device.

A seeond application is the use of tunable lusers as direet
replacements for fixed wavelength sources, This should simplify
the supply chain and mamtenance, since operators will no lenger
need to deal with numerous devices of different wavelengths, It

' INTEGRATED SCRIBE
& BREAK WAFER

. DICING SYSTEM

‘ GIVES 98-99% YIELD.

|
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should also add network: fexibility, since new wavelengths. can
castly be introduced and the network can be readily reconfigured,
However, tunable lasers will only be able 1o compele strongly
when they reach mass production and their price falls to 4 com-
parable level with fixed lasers,

The third major application for munable lasers m optical pet-
works [ in reconfigurable optical cross-conneets (OXCs).
Today's networks wse optical add/deop multiplexers (OADMs)
which add and remove certain wavelengths from the DWDM
trunk rodte using passive devices, An OXC could take a digitally
modulated signal on a carrier wavelength &), transfer the signal
onto a second wavelength &z and reroute it anywhere in the net-
work, using a tunable aser as the source of A

Markets for Tunable Lasers

CIBC World Markets has estimated thit the market for tunable
lasers as direct replacements for fixed wavelength sources could
reach approximately 128,000 units by 2004, sepresenting aroungd
uf the total prie source market, Tunable |aser
will achieve much greater market penetration, and will sccount for
(3% of all back-up sources by 2004, representing some 92,000
umits, The value of tunable Tasers sold i g primary and back-up
markets m 2004 is predieted 1o be $167 million and $121 million,
respectively. These figures were based on externally. midulated
lnsers only, and exclude both directly modulated lasers {in which

a5 spares
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tuning s likely to inereass chirp) and el it
modulated lasers, which are likely 1o have a limited tun-

Gain Caupler

ing rimge.
Recent Solutions
1. DFB Arrays

At the Optical Fiber Lonfc‘r\:mc in FEb.lLI‘.'II'V
Nortel Networks
tion DFB laser with a wining range of 15 nm, The mch-
nology has recently been extended o cover @ continu-
ous wavelength uning runge of 34 nm; equivalent to
over 4 DWDM channels with 1K) Gilz spacing [1].
{See Figures | and 2).

Nortel's approsch dses an in-line, or cascaded.
array of DFB Inser sections, Each section has an indi-
vidual electrode for current mjection and can be
addressed separately. The Bragg center wavelengths of
the sections are selected to be about 5 nm apart by
changing the srating pitch from one section to the next.
Eavl section can be tuned over 4 range of about 5 nm
by varving the temperature between 0°C and 50°C. To choose
any wavelength within the tuning range, current is applied w the
appropriate section and the temperatime 15 adjusted o select the
desired output wavelength within that section’s range. The sec-
non.s are ‘mnngcd in order of increasing \\Mln.nyh 50 that light

Iv through the 1 seetion or sections.

ThL laser structure is 4 standand ridge waveguide DFE laser
containing compressively strained InGiadsP quantum wells,
which is grown by a comventional two-step MOCVD process. An
e-heam writer is used to define the grmting pitch in each section,
“Chur three-section DFB tunable faser technology provides a
relatively simple, contrallable, and casy-to-manufacture device,”
says Chris Clarke of Nortel Networks® Optoclectronics division,
“Unlike othcr more complex options that have o match up
MIMmerous input currents with the appropriste eleetrodes to acen-

7
QWS

1550 pm F80 nm
oufpul  pump
* Suppart
* membrane

Top curved

mirror,

i
Thermally
conductive

bottom mirrar

_.E.“;gme . CoreTek’s tunable VCSEL has u micromachined tap

mirror wiich is displuced by an electrostatic force, varying the
eavity length and the owput wavelengtl.

1T Chmpiiemd Semfemductor

o h July Avgust |999

A .
#g=13pm Samplod Grating

[
hg =138 um

T

F‘lgam' 1. Cross-section of Altitun’s grating coupler wmp-'m’ reflector
laxer. The three images show profiles theough the gain, coupler ami
reflector fand phase) sections. The output wavelength is controlied by
four sepavate currents, one for each of the sections.

rately select the correet wavelength, each electrode i our deviee
sddresses only one region of the spectruny, and a temperature
-adjustment 1s sufficient to produce the desired wavelength”™
The three-section device operates over 15 nm, and displays
- side-mode suppression of more than 50 dB, with an cutpit
power mexcess of 0 dBm (1 mW) on all channels. The 24 nm

tuning range chip consists of thr on ench of
twio parallel wiveguides, which are combined into a single output
wavegnide, The combiner region has the same active structurd as

the other sections, hut no grating, and so can be used a5 a semi-
canductor optical amplifier or a power equalizer. The device
aperates with 22 channels with 200 (Hz spacing across a 336
nm window

2. Sampled-Grating DBR Lasers

Altitun AB of Kista. Sweden manufactures a grating coupler
sampled reflector (GOSK ) L
ing with & co- dln_uum ] Lnu;ﬂu [ ]

ser, which ulmhllu_\ i -.umplul grats

wctive region, and hu.—- four sections, ench with a sepa
trodde (see Figure 3). Current through the gain section determifies
the optical power of the device. The second section 1s 2 veriical
coupler that acts coarse wavelength-tuning ¢lement, with ¢
total tuming range of about 100 nm. The value e coupler cur-
tent selects one of the ten or more wavelengths in the comb of
peaks reflected from the Brige reflector jon, The selected
peak can then be tuned across o 4 nm ring h\ varying the reflec-
tor current. just like & standard DBR |as
tent in the phase section adjusts the of
the side-mode suppression. The device essentinlly functions like
10 0r 50 DBR lasers with overlapping tunin . giving o
hin 60 i ind o total funing range
ge is partially offscl
by the need for very complex drive requiremments, tequitig
matching of the numeraus input currents,
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The laser is around 2 ym in length. and is comparable in pro-
duetion complexity to a DFB laser monolithically integrated with
an electroabsorption modulator, The dev packaged with an
optical dsolutoe and o polarization-mantaining {her, and s
mounted on a bosrd with 4 microprocessar and other electonics,

3. Tunable VCSELS

A receat report lmm CorcTek Inc, of Burlington, MA
describes a 2 mW VOSEL exhibiting single-mode CW operation
at P50 nm with & tuning rng of 30 nm [3]. The structure has o
curved micro-clectromechanical structure the top mirror,
whitch is displaced by electrostatic force when & tuning voltage 15
applied, varving the cavity length (see Figure d4) The active
MOW region is grown on Inf and a via hole is etched through
the substrate 1o allow deposition of the flat bottom mirror. This
arrangement enhances thermal dissipation, which can limit the
performance of devices with InP-hased mircors. The device 15

A spatial mode, with a fundamental mode spog size of
=T pm. A tuning vol 0V und 39V resulted in tuning
hetween 1564 and 1514 nm

4. External Cavity Lasers

An external cavity diode laser (ECTDL} uses s semicondug-
tor pump laser in combmation with an external grating and vther
aptivs for beam alignment and focusing: The diode lasers acts as
the gain medium within the larger external resonator cavity
frrmed berween the analed grating and the rear facet of the Jaser
diode: In the Littman-Metcalf design {zee Figure 5). the angle of
the tuning mireor determines which of the diffracted wavelengths
from the & fed back into the cavity. Coarse wning is pro-
vided by a ston serew, and fine-tuning by a piezoelectric
actuitor, EC IJI s have been widely used for spectroscopy appli-
cations, s replacements for more expensive solid state or fre.
TuiCptics recently anmounced that it had
er dinde supplicd by Nichia 1o extend the
s covered by its DL IO series of ECDLs

quency-doubled lase
used 2 blue Ga¥ la
mnge of waveleng
s §),p. 10

5. Tunable Lasers Go to Mars!

launched in January
nsors, which will
he Martian atmos-

cd sl -.~||||1|

Fhe Mars Polar Lander spacecrafi;
19494, 15 carry i tusihle dinde laser g

wiiter vapot and €0

. which are the first space-qualif
developed, were manufactured by Spec
lize technology. dey
{gee €N 4(9), p. 6]. The DFB lasers are
0 by MOCVD on Inf sub-

i the grating
eved by con-
i The T

formed 10 commerc:
Propuision Labora
strained IntCinAs '.?\\ SEruCturn

of the outpu
lemmperatie and
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I the absorption frequenci
vith an ¢ priste detecte
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Figure 5 A Littman-Metcalf external cavity diode laser. The
cavity is formed between the rear facet of a Fabry-Peror laser
diode and an adjustable, external reflector.
optical path length in g small gas volume. The nartow Bnewidth
and mW ootput power of the lisers ensures: that detection of
wases at the parts per billion level i possible

T4 117S), e SIS

Wik allitun comreadmain.fim
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CSEM Tunes into VCSELSs

Twao years after acquiving VCSEL know-how, the Centre Suisse
d’Electronique et de Microtechnique’s first products include tunable
lasers for gas sensing and VCSEL arrays for data communications.

RICHARD DIXON

riical cavity surface emitting
Tasers (VCSE are now one of
the components of choice in

short-range, gigabit-per-second data com-
mumcations at 850 nm. Other applica-
tions exist at longer war gths for opti-
cal interconnects and at visible wave-
Iznmh-\ Inr spectroscopy, good reasons for

Bl el db

‘.hippinu devices with wavelengths cover-
ing the 750-960 nm range. In 3o doing, it

has jained the relatively small number of
8

commercial VCSEL  manufacturers,
which include Samsung, Honeywell,
Hewlen Packard, ~ Mitel.  and
Siemens/Osram joint venture Osram Opto
Semiconductors

Commercializing Swiss R&D

CSEM 15 # privatelv-owned Swiss
research and product development com-

Figure 1. An integrated micro-TE
femperature controller (the gold block o
the rear of the VCSEL} is availabie for
wavelength  stabilization or tuning
(typically 0,06 mm/K).

34

pound Semiconductor 3(6) July/Augist

pany with fecilities in Newchitel and
Zurich. As a non-profit organization, its
poal is to bring research 1o the commer-
cial market piace; This it does b
g industris Ips 2
spin-off companics
The company currently has: 340
emplovees imvolved in different areds of
applied research and product develop-
ment on behalf of a num‘nm ni industrizl
partners, The
fress wn_h as

hn|\||l"\.

miera-

staff of 17 s involved in V
mentand production. which l.lk._& place
AT (unup Wark on these
n around 4 vears ago at
Zurich's Paul \LherrLrInmlmuP\Jl the
results being acquired by CSEM after o
reorganization of PSS research programs
in 1997, The group is responsible for the
manufiacture of both single dev d
arrays. Applications include optical sens-

! gun— 2. SEM microphotograph of
the 2% 2VCSEL array (seen in figure 1),
The VSCELy are spaced at 125 um fnter-
vals and have an aperture size of 5 jum.
The device dimension is (0.73 x 0.75 mm?,

Ing, spectroscopy, short-range commiuni-
cations, fiber coupling, and gas
anidl also medical diagnostics, and optical
microsystems.

Dr. Rainer Hivel 15 head of VESEL
cpitaxial growth in the Optoelectromes
Group. VOSELs were chosen for com:
mercialization due 10 their perceived mir-

ket potential, he says. “Depend o
progress, we intend o spin off o new
campany to concentrate on VCSEL man-
3 to 4y 11

around half of the Centers

comes from industrial soun
mient s among the van-
This also

funding
The Swiss govern
ous other sources
includes PSI

of income

Oxygen Sensing

One VUSEL

ipplication: exphored by

the charnctensts
ted with the oxy

process analys
ot lurge coam

o joined CSEM from
35 remote

s Waste
¢a According
ers bring many
W L5 are
¢ miode
» tuned, @ Gaussian

emission, an ability t



Thinking Blue?

If you're thinking blue lasers and blue LEDs, you should be
thinking Blue Ammonia from Solkatronic Chemicals. With a

minimum purity of 99.99994%, it's the purest on the market

today. We've developed this higher purity ammaonia for use
in ultra sensitive Gallium Nitride (GaN) processes for the

production of blue lasers and blue LEDs.

Blue Ammaonia is packaged in Solkatronic's microPure
cylinders to ensure manufacture-to-delivery purity.

A Certificate of Analysis, with a complete gas and liquid
phase metals analysis, accompanies each shipment

If you're thinking blue lasers and blue LEDs, think

Blue Ammonia from Solkatronie Chemicals

Blue Ammonia Specifications

Cneygen
THC {as Methane)
Water <200 pok

solkalronic

calg. Inc




COVER STORY

beam profile. and excellent frequency sta-
ity he says,

But another reason for the interest in
VCSEL-hased sensors s a nesult of the
drawbacks associated with clectrochem-
cdl cells. While they currenily represent
the mast popular method of oxygen detec-
tion, electrochemical cells suffer from
poor long-term stability and a need for fre-
quent calibration, says Hivel They are
also pronc to nterference from ather
EASEOUS SPECIEs;

In & VOSEL-based spectrometer. the
device can be tuned to an absorption fre-
quency that is sensitive to a4 number of
overtone transitions. This winvelength band
i5 present without cross interference from
other gases, amd one imtensive line oceurs
ul T63.5 nm for the oxyveen malecule, By
controlling the pperating current, and thus
the heat in the device, the spectrometer can
be precisely tuned to the required wave-
length and scanned to produce a spectrum,
CSEM's devices can accommodste a
wavelength tuning range of 2 nm,

For reliable spectroscopic. results
stable output s also important, In
VOSEL, the short vertical cavity means
that the emission wavelength can be uned
continuousty without mode hops. This
allows single mode operation over a wite
regime. In single mode, CSEM'S devices
can operate in @ current regime of several
times the threshold current, says Ho

Package

Single Mode Ourpul
_Pow

Device Structures

CSEM's devices begin with MOCVD
growth on 2-ineh n-GaAs substraies at its
site in Ziinch. Production started this vear,
and capacity is wround 10,000 packaged
VESELs per month.

The devices contain one or more
quantum wells of GaAs, AlGaAs, or
InGinds for the active layer, depending on
the desired wavelength rogime, The active
region s one wavelength thick, This
ensures that only one axial mode is sup-
ported in the cavity and gives rise to oper-
ation in the fundamental Jongitudinal
maode, The lfaver thickness of the sctive
rezion defines the VOSEL emission wave-
length,

For an oxygen sensor operating at 765
nim, the CSEM device consists of 40 per-
ods of alternate guarter wave lavers of
AlAs and Al 3GagAs for the bottom n-
type distributed Bragg reflector (DBR). In
the center of the one wavelength thick
AlpsGay zAs region 1s an active structure
contaming three Aly nGagwAs quinium
wells. 25 periods of the same muaterial
composition as the bottom reflector com-
pletes the top p-type DBR.  The final
devige can be 08 much 10 pm thick, and
CSEM deposits the materials using growth
rates as high as 5 pmdh.

Transverse optical and electrical con-
finement is schieved using u dry eteh

8 x 8 Array
Multimode

Max Mu!hmode
o 1

Modulation
bandwidth [GHz)

Threshold Current
(mA]

Threshold
Voliage (V]

VCSEL Pitch (pm)

; Single

Hovel savs CSEM has optimized its epi-
taxial growth und processing for single
mode operation. As a result, it guarntees
side mode suppression values of moere than
20 dB. In addition, the measured spectral
Tingwidth of the seasor is less than 5 MHz
and the output wivelength can be current
tuned at a rate of (L5 nm/mA,

For the 763 nm device, the maximum
single mode output power is typrcally 05
mW at a current of 4 mA, This is more
than adequate 1o perform oxygen spee-
troscopy meastirements, which are ypical-
Iy made with a ppwer of O In mul-
timaode, CSEM's devices deliver an outpul
power of up to 5 mW,

Hiwel says CSEM s micro-Peltier ver-
sion of the 763 nm VOSEL contains a ther-
mibstor that can be used 10 maintain o con-
stant temperaure when 4 stable amd pre-
cise wavelength 1 required Alternatively;
the micro-Peltier VESEL can also be used
10 produce a controlled  emperature
change.

Array Applications

In addition to sales of lasers for oxy-
ppln ition, and the
5 for data
L1:u.| & vertical
1o fabricate o
5, und its Low power
also magor benefit

The

communications
geometry mikes it ¢
twn-dimens
consumption is i

1 x 10 Array | MicroPeltier

Single

Mode Mode
950520 | 850410 770410
Chip: Chip TO510
0.5 0.5 05
=3/VCSEL 1/ WCSEL =1 /MCSEL =]
01 0.1 Z 2 2 a1
25+ 20+1 1005 20+ 1 201 0.1
2305 1.7#0.3 1.6+£03 17+03 2005 23+05
250 250 250

dh Compomd Semiconducier 3061 July Aupus [99%

Table. Overview of CSEM'S range of VESELs and arvays.
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The company views the fabrication
of such arrays as one of its strengths, and
hias begun making a rangs of devices for
use in data communications at 830 m,
and at 930 nm for free space optical inter-
conneets, The latier are arrays of optical
input and output VCSELs containing
lenses configured to collimate and route
the fght i air.

CSEM's VCSEL arrays operate in
both: single- and multimode, 15 5 x 3
array opertes i single mode and exhibis
threshold current and yvoltage values of 2
mA and 1.7V, An 830 nm | x 10 areay
supplyima (L5 mW of single mode power
is also ole. The 8 x 8 variant emits
in multimode at 950 nm and delvers
more than 3 mW of power per VCSEL.
This is comparable 10 other commercially
available products,

The Swiss firm 15 also involved m
research into compact and robust pack-
ages  combining
inputioutput and lenses, known as *smart

slec! 10 .
clectronic  logic,

pixels”. The am 15 to demonstrate optical
interconnect systems with fransmission
speeds of up o | TRibs, Such syslems
would employ the company’s 8 % 8§
VCSEL arrays, which contams an
InGaAs quantum well structure tuned 1o
cmit at 960 nm  Figure 3).

to CSEM. for optical
interconnect array applications. device
uniformity is entical, 1s 8 x § packaged
VCSEL array exhibits a waveleng th
variation aeross the whole deviee of only
(135 .

With dats eommunications and
optical interconnects markets likely 10
expand i future, 5 fucilities and
university links make it well-placed to
nurture Swiss start-ups in this and other
mdlustral sectors, This s mportant for
compuund niconductors in the
European market. As Rainer Hivel notes,
in Ewrope he i finding that he nec
develop confidence on the p.ln
users for the new technology, *

Someti
It's goo
to be

Figure 3. § x 8 VCSEL array measuring
2.8 mm2 for integration into optical
imtercomnects. The array is honded to an
intermediate sapphire substrate and sub-
sequently to a PCB. Each VOSEL is
capable of | Gh's duta vates and is indi-
vidually addressable, allmving operation
speeds of up to 64 Ghis.

mianufeturars seem to be more flexible in
their attitude {to VOSELs]." he says:

Blue LED Wafers

from EMCORE

® Low cost, high qus
LED epitaxial walers

* Demonstrated high brightness,

low forward voltage and excellent

wavelength uniformity

* Multiple guantum well
nGaN strugture

high throughput SpectraBlue
MECVD tool
* IMMEDIATELY AVAIL
WORLDWIDE SHIPMEN

Diondnat Wawelerigth

I

45¥ |

* Produced on EMCORE's renowned

47nm ( £15nm)
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Self-Organized Quantum Wire Lasers on
(775)B-Oriented GaAs Substrates

MASATAKA HIGASHIWAKT

Giraduate: School of Engineering Seience,
Ciserkis Univversiey:

Tovonaka, Osaka S60-8531, Japan

a region of the order of the size wheee quanmm effects
become significant gives rise fo sharp peaks in the density

of states, These n:gl(m.-. e knovwin as quantun wires. It is expect-
ed from theoreti ions that the apy of quan-
tmm wires to the active region of i semiconductor laser will lead
fo o low threshold current and high thermal stability. a5 u result
of these sharp one-dimensional density of states [1]. Moreover.
one of the higgest problems facing vertical cavity surface cmit-
ting lasers (VOSELS) has been the imstability of the polarization
of the emituing light,  The application of quantum wires fo
VESELs 18 also expected to resolve this problem, as the assoei-
ated lateral confinement will result in Strong polarized emission
In the last 10 vears, 4 large mumber of methods for fabricat-

T]m confinement of electrons and holes i twa directions in

ing quantum wire structures-have been reported. Among them,
quantim wires grown on Vegrooved Gads substrates were the
mostsuccessful, becanse the Vogroove quantum wire lasers
exhibited oseillation at room temperamre for the first time |21
However, the relatively large size of th cent-shaped quantum
wire resulted inoa lange number of one-dimensional subbands,
andd there was little difference in the optical properties compared
far-a quantum well. In addition, the fabrication process, which
includes the prepamtion of the V-grooved substrate, the crysul
growth fechnique and the dévice processing into laser dindes,
was much more complicated than that of a conventional quantum
well laser,

Chn the other hand self-organized quantum wires, which age
ohtained by using multi-atomic steps formed nitumadly dunmg
MBE and MOCVD growth on high-index substrates, have been

_preontuct (Crf Audn|

Be-Gras 500 nm
Be-{Gads]Alds] cod 1.05 ym
GohslAlAs], GRIN 150 nm |
(Gada) jAlas], barrior 4.2 nm

~Gads QWRs L= 2.1 or 3.0 rm
*(Gads),falas); barrier 4.2 nm

" (G, (Als], GRIN 150 nm

Si-{Gakis]fAlAsl, dad 1.05 um
5i-Gats

d SHT75)B Gais subs,

[a] f-candaet |AuGel

Sicz

144118 micrahocet

(111} B twrrerce
i

[Gasal i)
55 barnes
- Gaha G

1Gmbs| 4oty
 Seblian

Fig, 1. Schematic illustration of GaAxGa Ay AT GRIN-
SCH quantum wire (QWR) laser structure grown on (775)R
Gads subsivates by MBE: af entire laser structure and b guan-
frini wire regivin,

36 Compounsd Sensteunductie 566} Jaly/Angust 1994

hecause high-density g wires gam b obtained
using an um‘\)mphtultd process.  However, i the case of this
type of quantum wire, uniformity is usually a big problam.

Selt-Organized Quantum Wires on (775)B GaAs
Substrates

Figure | shows a schematic  illustration of  the
SGUAS M ALAS ) GRIN-SCIT gquamntumm wire laser grown on
1B CiaAs substrufe, Previous microstructural studies of
lasers with this structure grown at temperitures greater than
HAPC have revealed regular corrugations m AFM and cross-sec-
Tlonak high resolution TEM images [3] These corrugations con-
sisted of micro-facets aligned on the (441 )8 planes and terme
an (11118 planes. The lateral period and height of these o
gatipns was 12:nm and 1.2 nm, respectively, However, the sur-
fiace of the AlAs is flat .'\\'crlhc erowih '|,:|||||\':‘;:[u|.: range 4

upper interface und o f
erown on the (T75)8 Ga
Figure 1h).

It'is expected that the regularly cormugated AlAsGuAs
interfuce and the flat GaAs/AlAs interface result in o rogulas
miodulation of the well thickness of the Al CGaAs/AlAS quan
tum well grown on the (77518 substrate
tum wires can be obtamed by growing ©
dens K 1 8x10e p‘er per Layer, 1510
the best of the author’s knowledge the highest ever reportal;

it im\\ ALAS lower interfied
s substrate (shown i more detail in
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There appears to be no problem stacking the quantum wire lay-
ers, Moreover, it should be noted that these (775)B guantum
wires can be grown simply. as-is the case for conventiondl quan-
tum wells. It has beén confirmed from photoluminescence
experiments that the (77518 type quantum wires show good one-
dimensionality and uniformity, and that the light emitted from
the surface 15 strongly polanized in the wire direction as a result
of the lateral confinement [4].

(775) B Quantum-Wire Lasers

GaAs/Gans)(AlAs)y: GRIN-SCH quantum wires and
quantum well aser structures were grown on the (77538 and
(100orented GaAs substrates simultancously by MBE [5.6].
Two kinds of kaser structures with well widths (L, ) of 2.1 and 3.0
nm were prepared, The laser structures contiined five quantum
wire layers, and hence the densitics of the quantum wires in the
active regions were 4x 100 quantum wires per cm i total.

Figure 2 shows the I-L characteristics of the (773)8 quasium
wires anl the (100) quantum well lasers measured at 20°C. The
(77308 quantum wire lasers with La = 2.1 and 3.0 nm exhibited
threshold current densities (Jo) of 1.9 and 1.4 KAcm?, respec-
tively, while the { 100)-grown quantum well lasers were measured
as 2.9.and 1,8 kA/em?, respectively, The threshold current densi-
1y values of the (7735)B quantum wire lasers were found 1w be
almost the same as those for Vegroove quantum wire lasers,

The i se in the observed current threshold density of the
{100 )-type quantum well Tusers with decreasing well width 15
most likely explamed by the theorencal model for the quantum
wells, in which the non-radiative recombination af ¢lectrons from
L valleys increased with decreasing well width. On the other
hund. the threshold current density of the (77518 quantum wire
lasers mereased slightly with decreasing well width, The large
reduction o threshold current density of the (77508 quantum
wire lasers Tor La = 2.1 nim was m.qml\l due 1 their one-dimen-
sicnality,

The charactenistic temperatures (Ty) of the (775)B quintum
wire lasers were 93 and 202 K for L, = 2.1 and 3.0 nm; respec-
tively, and the guantum well Tasers: grown on the (100} G
were measured 10 he 70 and 200 K. There was little difference in
Tiy value between the (77518 quantum wire and the { M) quan-
tum well lasers for L, = 3.0 nm. However, in the case of the 2.1
i well width, the characteristic temperature of the (77518 quan-
tum wire laser was about 309 higher than that of the { 100) quan-
tums weell Taser. These results clearly indicated that the thermal
stability of the threshold current for the (77518 quantum wire
lasers with a well width of 2.1 nm was much enhanced. This was
due to the shirp one-dimensional density of states.

Summary and Future Work

We have succeeded in fabricati
using self-organized multi-stomic 4 steps on (773)B-arient-
ed GaAs substrates: The points we wish o emphasize are that the
(775)B quantum wire lasers oscillsted ot room temperature with
a lower threshold current density than the conventional (100)
quantum well lasers, and that the fabrication process was as sim-

r (saAs quantum wire lasers

ple as that of conventional quantum well lasers. In future, we
would like 10 apply the (77518 quantum wires as sctive fayors in
VCSELS, not only to reduce the threshold ciirrent and thermal
stability, but also 1o overcome the mstability of the polanzation
of the emitting light, For this purpose, the authors are attempting
to fabricate stripe-geometry lasers and VOSELs with self-orgzun-
ized InGaAs quantum wires, not only on (T73)B, (553)8 and
(221)B GaAs substrates, but currently also on (77518, (553)B
andd (22118 InP substeates.
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A new standard in GaAs
production epitaxy...

VG Semicon's V150 MBE system with
ThermoCell™ technology sets a new standard
for high volume 4" and 6" epi processing.

It offers startling advances in throughput,
yield and process stability.

High Volume - the V150’ platen design
accommeodates four &7, nine 4" or sixteen 3°
wafers. With system control based on the
industry-standard X-Gen™ automation
package and a minimum & month scheduled
cyche time, system throughput exceeds 25,000
4" or 10,000 6" wafers per year.

High Yield -VG Semicon's acclalmed
ThermoCell™ technology provides process
uniformity and reproducibility within 1% But
maore importantly the use of ThermoCell™
effusion sources makes the ¥ 150 ten times
more stable than its closest competitor,
aliminating the costly requirement for daily
recalibrations. And with the lowest defect
levels reproducibly measured from any
affusion source it's no wondar the V150 with
ThermoCell™ technology has been called the
most advanced MBE system available today.

So if your process needs high throughput,
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and take a video tour,

&< VG Semicon

== The MBE Company







Coherent Unveils New Laser Diodes

oherent Semiconductor (Santa Clara,

CA) has introduced o new range of
high-power laser diodes for medical
industrial, graphic arts and scientific
applications.

Coherent's NIR wavelength diodes
aré based on its aluminum-free active
arca InGuASP struciure (which the com-
pany terms “AAA" devices), which it
maintains improves resistance to dark ling
defects, sudden failures, and gradual
degradation, Aceording to Mernll Apter,
VI of sales and marketing, while lifetime
performance tesults for laser diodes a1
23C ‘may be very similar o Al-hased
products  from  other  companies,
Ceherents lifetime results ar higher tem-
peratures (up to 73'C) provide a strong
argument for the use of thése commer-
clally available aluminum-free materials
[see page 24, For the shorter wavelength
visible (650-690 nm) lasers, an AllnGaP
strughure is used 10 achieve the requined
bandgap.

The new range of diodes includes;

- High Temperature Diodes

High temperature operation laser
diodes were mitially developed for mili-
tary avionies platforms: which typically
do not have liquid cooling readily avail-
able or prefer not to mcorporate thermo-
electric. cooling due 1o electrical power
andlor weight constraints. As a resuly
Coherent’s new 40-W continuous. wave
(CW) and 50 W quasi-continuoms wive
(QCW) K08 nim diodes lave been tested
" In reliability

less than 9% degradation after 10° shots
(400 (ps pulses) at 55 W peak power,
while the CW dindes exhibited less than
3% degradation after 1,500 hour:
uous operation 8t 40 W, Ace
Apter, it mom temperature these devices
have expected [ifetimes in excess of
15,000 hours, A 30% fill-factor bar at 40
W peak power exhibits a spectral width of
22 nm (FWHM) und fast-axis heam
divergence values of léss than 357
(FWHM).

-Water-Cooled Linear Arrays

Awvmlable m St and 60 W {1 em long
monalithic bars) versions in the T80-540
nm wavelength range, these water-cooled
packages provide a ¢ thermal resistince of
(L45°C per W, enabling high-power diode
operation without thermal degradation.
Applications include laser purpin
medical therupeutics us well as in printing
and heat treating, A spectral \udlh of less
than 3.5 nm FWHM and fas
divergence of around 33 FW| y
el for these lasers at full-rated power,
The package was: specifically designed
for .mpllc.:rmm requiring ¢lose horizontal
(1S mm wide) |x|ch|, aniel ure used for
transverse pumping of solid-state medi

An AR (anti-refection) coated, fast-
axis callimating lens ¢an also be included
on egeh Hinear arnay, which collimates the
fust axis beam divergence from 337 10 2°
(FWHM )

- QCW Stacked Arrays
QCW stacked array

application in solid-state

are finding
pumping,

Top: FAP diode lasers are available in
tre G50-690 mm wavelength regime,
Bottom: water-cooled linear arvay €N
Bars fn S0 and 60 W versions aperate in
the range TRO-340 .

and in direet ilfamination {or ranging und
imagimng, Wavelength ranges inelude 75(0-
840 nm and 880-992 nm. and these
devices are available in one-, two-, five-
and seven-bar stacked armys. Fora 1 em-
long bar, the peak power is 100 W at an
operating current of 113 A, Coberent says
these stacked arrays support applications
with pulse widths of less than 500 ps and
o maximum duty Faetor of lower than 3 %
The minimum pitch (center-to-center
spacimg from har to bar) is 400 pm, Also
offered are witer- and conduction-eoaled
vanants able to support up to 15 bars,
with pitches from 40 im0 2 mm,
High-eonvergence (from 357 1o
FWHM) AR fast-axis collimating lenses
can be added for optical pumping
lumination apphications, or for integ
fion into complex optical systems.

- High-Power Red Laser Diodes

Coherent's new family of AllnGaP
single-stripe and Hnear array CW bars
and fiber array packages (FAP) are also
intended for applications such ds medical
therapeutics (e.g, photodynamic therapy ),
pumping of solid-state media lml |I~u fior

applications, L"-'mdul:tlun-cnulcd. these
devices feature an output power of 0.25 W

at 6350 nm. while | em-long bar
nm and 690 nm emission wave
offer 4 and 5 W, re I
AllnGaP linear array CW laser diode bars
e mounted on industry-standard 25 x 25
x 14 mm conduction-conled packiges.
Again, AR-coated. fast-axis collimuting
lenses can be mcluded with the CW 1
diode bars or single-stripe CW devices,

The CW fibér-coupled devices pro-
duce 4 Woat 690 nm and 3.5 W 670 nm,
when coupled to an 800 um fiber with 2
numerical sperture of 0,16, The output of
the FAP enclosure can be conneeted 1o
single :ore multimode of ber
a standand connector, The fiber-

port, which allows an
feedback loop to be included for e
(utpul power.
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Semiconductor Lasers

Green, InSe-based DFB Laser
M. legge et al, Elec. Leti, 1999, 35(9), p. 718

‘hile significant progress has been made with GaN-based

blue'vinlet lasers, the green region of the spectrum remiing
aceessible only with ZnCdSe-hased devices. Sony has reported
CW operation of & 514 nm laser with a lifetime in excess of 400
hours, while the University of Wurzburg has reported high tem-
perature. operation (140°C) of o ridge waveguide laser which
exhibited lateral monomode emission. The most common
approgches to achieve longitudingl single-mode emission are to
use DBR or DFB structures: This paper, from the Universities of
Wurzburg and Bremen, reports the first demonstration of an
electmcally injected, toom temperature green DEB luser;

The separate confinement heterostructure device lavers were
grown by MBE on an n-type GaAs substrate, The cladding layers
were MeZnSSe, lattice-matched 10 GaAs, and the 4 nm ZnCdSe
single QW active layer was embedded in two 100 nm ZnSSc
wavegnides, A 125 nm p-ZnSSe laver and o 110 nm p-ZnSe/ZnTe
superfamice completed the structure, To avoid epitaxial over-
growth, a laterally coupled structure was fabricated. A deep ridge
waveguide structure with a stripe widih of 2 pum was etched down

Ru-doped 1.48 pm SIPBH Laser

Cr grating
e
R B
| Gabs subsirate frgs 8

Schemaric structure of the electrically pumped ZnSe-.'m.m.'A

DFB faser. The active region contains a CdZnSe SOW heoween
ZnSS8e waveguides,

1o | 10 nm ahove the top wavegnide, and a first-order Cr grating
was defined on bath sides of the ridge. In this structure. the gain
coupling of the laser mode with the grating results in stable, lon-
gitudinal single-mode emission. After cleaving, the devices wese
mvestigated under pulsed current injection (pulsewidth 0.6 us,
duty eyele 0.01%:) at room temperature.

The laser wavelength increased with the grating period, and
was =313 nm for 3 97 nm grating and ~515 nm for 2 97.5 nom
grating period, For a deviee length of 1.4 mm, the threshold cur-
rent was 25 mA, comparable 10 o Fabry-Perot laser on the same
wafer,

A, von Geelen et o, Proc. [nP & Related Mots. Conf. 1999, p. 203

he optical gan of erhium-doped fiber amplifiers (EDFAs) 15

determined by the single-mede optical power provided by
one or more pump lasers. These operate al 980 nm or 1480 nom
and cause exeitation of Er* 1ons disinbuted in a special section
af fiber within the EDFA

Semi-insulating planar buried heterostructure (SIPBH)
lasers, in which semi-insulating regions are used to direct current

‘ plnP
regrowth .

n-InfP
blocking layar
nP:Fe <
seminsulating
| layer

pinGads

B JEEE [0U0

MGW

P active layer

Selemaric cross-section af a semi-insulating planar buvied fet-
erostructire (SIPBH) laser with an Fe-doped InP semi-insular-
ing luyer.

through the active Bavers, have demonstrated very low threshold
currents and high ousput powers, although these values are limit-
ed by leakage currents; The 81 lavers are normally formed from
Fe-doped InP which suffers two main problems. Sinee Fe forms
a deep level for electrons in P, holes are not blocked by the
InP:Fe layer, and furthermore Fe suffers from rapid interdiffusion
with Zn from adjacent lavers. This paper, from Uniphase
Netherlands and the Technical University of Berlin, mvesti-
gates InP:Ru as an alternative blocking laver . Ru has a low dif-
fusion coefficient in InP, and [nP:Ru has a decp level for holes,

The structure was grown by MOCYD on n-InP, and inchud-
edl an active laver containing 4 compressively-strained InGaAsP
QWs with tensile-stramed barners. and & separate confinement
hreterostructure. After wet etching to defime the mesa, the InPiRu
Tegions were grown al S90°C using (CpMesaRu, THP and TMIn
s precursors. The current blocking properties of §1InP:Ru were
found 1o be better than [nP:Fe, although an additional n-InpP
blocking layer was required 1o block holes. 190 mW of output
pawer was obtained from a SIPBH laser containing InP:Ru at
T00 mA, compared to 207 mW from the [nP structare, With an
improved active layer design, the InPiFe SIPBH laser yielded
275 mW-at 1000 mA
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400 mW Single Frequency 660 nm laser
B. Pezeshki et ol, Phetonics Tech. Lett, 1999, 11(7), p. 791

his paper. from SDL, reports the
highest power single-frequency i
at visible wavelengths, The angle -
ing DFB {or «-DEB) luser structure
exhubits single spatial and- longitudinal
mode peration at 6od nm, and delivers

Dielectric

Angled Grating
5

ngh! Oufpur

Top view of an angled-grating (6=DFE)
layer,

She didn‘t know
the temperature eith

over 400 mW CW power at room temper-
ature from u 60 pm wide sripe. This is
about [0x the power from conventional
visible DFB or DBR lssers; which can
operate in a single frequency regime with
high coberence bul are limited by e
degradation. Broad
lasers offer hgh power, but are multi-
mode in’ both longindingl and lateral
directions. Previously, the highest power
i i e i {his

ared Fabry-Perot

master ampli
(MOPA) structure, which baosts the
power level of a DBR laser using & flared
amplifier to give 250 mW at 670 mmn
The -DEB structure, grown by L]’
MOVPE on GaAs, consists of a loy
cladding layer, an InGaP active layer llld
an InGi ’\Jl‘Lr.mn\ layer. Inthe latter, the
g is defined ot o (non- p\r[hI'II}ILLI
far) angle to the facer, Afl
the top cladding and contact |

dielectne 1s deposited and patterned so as
ti form Gl pm-wide stry
grating. This i

tiomal i)! B laser, some
tion is t{|'l|l\.1[\‘ﬂ|l1llh.
uffices to confir
lateral direction.

The 60 pm stripe wid
threshold current of S00 mA wit =
Tietency 00,75 WA, find ¢ mllh\ﬂ

at of 114 A The far-
was very narrow, with a FWHM of
was diffractio ited, The

but a

ield was about 3
was obtained from

el v
this elliptical far-field o
migrolens near to the fa

a evlindrical
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662 nm DFB Lasers with 90 mW Output Power
M. Hogberg et al, Elec. Laft,, 1999, 3512}, p. 980

his paper, from SDL, reports the highest CW power from

narrow waveguide single spatial and spectral mode device
emitting in the visihle wavelength range,

Large quantities of visible lasers are currenly produced for
applications {e.g. pointing and optical storage) that have relative-
Iy relaxed spectral width and stability requirements, allowing the
use of Fabry-Perot devices, Other applications such as spec-
teoscapy, interferometry and high-density optical stomge demand
low modal intensity and narrow spectral width, which can be pro-
vided by grating-stabilized lisers e.¢. DBR or DFB lasers. These

N |
[ Ridga AlGainF
waveguide prating layer
AlGalnP
waveguide with
Sapow

g s |3
cladding layers

Sacand 2 £
order grafing

Schematic of SDLs 662 nm DEB faser, which provides 90 m ' .
CH oprtprare proweer.

types of device are much less well developed at visible wane-
lengths than a1 the relecommunications wavelengths (1.3 and
1.35 umy, partly due to the difficulty of achieving regrowth of
strugtures with high Al content in the AllnP/GalaP material sys-
tem,
The epitaxial structure. grown by MOCVD on an n-GaAs
substrate, consists af AllnP cladding layers surrounding an
AlCialnD waveguide containing a steained GalnP QW A grating
with a 206 nm piteh, cormesponding to in-plane reflection through
second-order dilfraction, was patterned into an AlGaIne laver.
The upper part of the Allnl cladding laver and a p-GaAs contact
layer were subsequently regrown. 4 um-wide ridge waveguides
were fibncated and the wafer was cleaved to form 750 pm-long
devices.
The threshold current of the 662 nm lasers was 32 mA, and
the nominal slope efficiency was | WJ/A. For 90 mW optical
power, the mjection current and voltage were 125 mA and 2.95
V. corresponding oo wallplug effiviency of 26%, 90 mW was
achieved at oo temperiture without any spectral mode jumps.
Lifetests were performed on 672 nm lasers with the same
structure and @ 1500 pm cavity length, At 40 mW amd 50°C, 20
prescreened devices showed little or no degradation over [250

hiars.

offired by EMCORE, RealTemp provides:
ents during

N Iemperiure 1
ermperaiire monitorng duti

y-sarting algorithm 1o ¢
AITEImens ar
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RESEARACH REVIEW

High Efficiency Tapered 1.55 pm DFB Laser
V. Voiriat et al, Proc. InP & Related Mats. Conf. 1999, p. 33

Th:- use of tupers in-souree lasers for optial fiber communi-
cations is an effective method for increising the optical
power coupled ot the fiber, by reducing the far-feld optical
heam divergence: This can also reduce the production: cost by
facilitating passive ahgnment schemes. While tapers are widely
usedd for 13 m sources, s paper from Optot{ Aleatel reports
atapered |.55um DEB laser, The structure (see [1gure) imcorpo-
rutes-an active layer such that the width of the MOW zam region
is lingarly decreased towands the fronl of the device. The optical

Monolithic 1,56 pm InP-based VCSEL

J. Debray el al, Photonics Tech. Lett, 1999, 11(7], f 770;
C. Kozmierski et of, Elec. Leti,, 1999 35[10), p. 811

ong-winnelength VOSEL Jpm and 185 pm have the

potential 1o pravide o low-vost emitter solution foe optical
fiber links and 2-0 arrays, CW operation has been demon-
strated af these wavelengths by device structures with waftr-
fused mirrars, while monohithic devices have proved mone dif=
ficull to realize. The key 15 1o obiain high reflectivity simulta-
neousty. with low thermal conductivity in the Bragg mirmor
atacks. Recently. Alewtel demonsteated CW operation of 4
(Inf-based VOSEL with a4 GaAs/AlAs

mode can therefore be transterred (o o passive widde luyer
beneath the active layer,

Initially, the 70 nm  passive InGaAsP  waveguide
(A= 117 pni ) was grown on n-lnP by gos-source MBE. This was
followed by grewth of the active laver with six 8 nm InGrAsP
strained QWswith 10 nm unstrained (£ = |17 pm) InCraAsP bar-
riers, Following a p-InP spacer, an InGaAsP layer was grown, on
wlhiieh the grating was fabricated. In some cases the grating was
removed from the tapered segtion: GSMBLE was agaim used for p-
InP grating regrowth. The taper was then formed using
contaet lithography and CHy/He meactive ion etching.
250 process. adapted 1w be homogenous and reprodicible across
a 2-inch waler, was essential to provide the desired mper width
(T ) resilution, A valve of T, <030 um is necessary 10 achieve
o vertical diverpence smaller than |57 The structure was buried
with MOVPE-grown p-InP and a p=-InCiaAs contact layer. With
' AR-coated facet and un HR-coaed rear facet, an iverge cou-
pling fuss of 3.6 dB was realized into an AR-coated, end-clesved
standard opticat fiber, The threstold current for the loculized
(grating removed from taper ) and non-localized devices wis 10.2
mA and 116 mA respectively, with an optical power of 40 m'
at 25(C for both device rypes.

_ Electrade |

L InP regrawih

_ Localised Brogg grating

«— MEW aciive layer

- Padsive waveguide
£

Staight welive tegion

Spot size canvarfer

Section though a L35 pm tapered BEB laser, UV-250 contact
lithegraphy is wsed to achieve u taper width 1. of fess than
030 gem. The optical mode is transferved to the passive wave
guiding layer localized unider the uctive fayer, forming a narrow
spot and leading to reduced far-field optical beam divergence.

upper mirror {See C8 5(3), p. 26|

These ers, from France Telecom, report the first
monolithic VOSEL in the InGaAlAsInAlAS system, Intlice
matched 1w InP. The deviees were grown by LP-MOVPE on -
InP substrates, The active lyer wasa 342 InCGiaalAs bulk qua-
ternary active layer with A= 134 im. The bottom n-tvpe mir-
ror wis 43,5 periods of 121 mm InGaAlAs/ |10 nm InAlAs The
upper p=type mirror hisd 335 InCaATAs InALAS periods with €=
doping (3 & L0 em!) in the first 10 perlods. o decrease the
ubsorption by free camiers and diffusion problems in the active
region, and Zn-doping ar 1 & 108 em? i the remaining per-
s The p-DBR had a low resistance per period, attributed 1
o finvorable configuration of the valence hand shignment in the
InAlAS InGalAs s} the InGinAdAs had o bandgap wave-
length of 143 um. The mirrors did not require graded iner-
faces, VOSELs were fabricated using o standicd profon
implantation process: Lasing up to <357C was observed under
pulsed operation ( | ps: 3% with a threshold current depsity of
T8 kATem:?,

Monolithic 1.22 pm GaAsSb VCSEL
1. Anan etal, Elec: e, 1999, 35(11), p. 903

his paper, from NEC, reports o 122 pm VESEL with &

L GuAsSh QW actve Tayer grown monolithicallv on GaAs,
which exhibits pulsed operation at room temperaiure, Device
structures were grown by gas-source MBE (AsHy, solid Sh)
and consisted of 4 255 period AlAS'GaAs Si-doped DER
battom mirror and an 18-period Be-doped top mirmor. The Au
wnode gugiments the reflectivity of the top arror, and short
perind superlattices wene ysed to produce effective griding of
the AlAsIGaAs intorfaces. The k-thi ity contains two T
nm GaAsy qSha 1 OWs with 30 nm GeAs barders, embedded
i graded AlGaAs lavers, The water was patterned into
simple bottom-emitting mesh structure with 25 (m sguare

mess. The threshold current was 20 mA, equivalent 10 a
threshald current density of 3.2 kAcm’ and the lasing
wavelength was 1219 nm, The authors predict thit Sh-hased
VOSELs with-w wivelength of up 10 1.3 i could be Fibricated

by incrensing the Shocontent in the OWs and using sirain
COMPENSgLinn



NEW DEVICES E

Watkins-Johnson GaAs FETs

Milpitas, CA. Watkins-Johnson has introduced two
GaAs MESFET RFIC amplifiers/mixers. The FH1 deliv-
ers i third order intercept point (OIP3) of +42 dBm, a 1.2
dB naise figure and 18 dB of gain up to 3 GHz, The FHEF]
offers +39 dBm OIP3, a 2:4 dB noise figure and 12 dB of
gain from 3-6 GHz.

Toshiba Announces RFICs, MMIC Family

Irvine, CA. Toshiba Americ
hivs introduced two new RF for the frequency range
S0 MHz 1o 1.9 GHz, The MT3S03T and MT3IS04T fea-
ture a voltage operation of only |V, It has also
announced eight new MMIC modules covering the
1.9-2.00 (GiHz L-band (the S9751A and 89782}, 5.8-7.2
GHz C-band (the TMD3872-2) and 10-13.3 GHz X-
band (the TMDI1O13-1). The three ICs in the TMDI414
series cover the 13.75- 14 GHz range, and the final
device is the TMIDI415-2B for the 144-154 GHz
band,

Clectronic Carporation

Gals HBTs from RFMD

Greensboro, NC. RF Micro Devices (RFMD) has
intreduced two new GaAs HBT devices designed
for 3V operation. The RE2157 delivers 25 dB of
linear gain and 29 dBm linear output power while
operating at 33% CDMA linear efficiency, and =
40% TDMA linear efficiency while delivering 30
dBm of linear output power, The RF3101 provides
29 dB of hmear output power and 24 dB linear gam
while operating at 35% linear eificiency.

Hittite 5-hit Digital Attenuator

Woburn, MA. Manufactured by Hittite: Microwave
Corporation, the HMC 2350 516G 3-bit surface-mount
digital attenuator GaAs MMIC allows rapid setting of
attenuation levels via TTL over the bandwidth DC-
4GHz. Attenuation levels range from 1-31 dB.

Infineon SiGe Transistor

Munich, Germany. Infineon Technologies has
mtroduced its first SiGe RF transistor. The BFP620
is designed for wireless applications such as LNAs
and VCOs operating at 1.8 GHz. At o measured
voltage of 2V, it features a noise figure of 0,65 dB,
a power gain of 21 dB and input capability (1P3) of
10 dBm,

M/A-COM Schottky Barrier Diode, Digital
Attenuator

Burfmg‘rm.l, MA. MIA-COM's new Schottky barrier
diode 15 designed for use from 50-1000 GHz. The
MA4E2038 adds to a family of Schottky diodes and
is suitable for point-to-point radios, automotive rdar
systems and radar detectors. delivering a total capac-
tance of 0,032 pE For microwave and millimeter-
wave applications; M/A-COM has also released the
AT-226, anew 4-bit, 15 dB GaAs MMIC digital atten-
ustor,




NEW DEVICES

New Package for Celeritek 3 V PCS Amplifier

Santa Clara, CA. Celeritek has announced a leadless chip car-
rier pl.ml. package measuring only 4mm x dmm % |63 mm
high forits recently introduced CMMO330 inear PA Tor oper-
ation in the 928 MHz mnge. The new package takes 30%
1Lﬁ- space thun conventional pack-
Alsor apnounced is the
MM3554 MMIC sutable
for operation up 0 35
GHz, The device fea-
turcs 7.75 ¥V operation,
+24 dBm Hinear output
power and 30 dB gain

at the operating current,

Matsushita Optical Transceiver
Module, Quadrature Modulator IC

Kyoto, Japan. Matsushita Electronies Corporation has developed an opti-
cal transcever module featurning a built-in preamplifier, The module
employs fiber-embedded lLightwave circuits and hybrid imegration of a
receiver preamplifier IC. The company has also announced o quadrature
modulator 1C capable of low distortion, digital-signal direet conversion into
a 2 (iHz tansmission frequency bandwidth for use in the base stations of
W-CDMA wircless communication systems.

Vitesse V-Frame 2.5 Gb/s Chipset Family Expands

Camarillo, CA. Vitesse Semiconductor is continuing its family of V-
Frame 2.5TM STS-48c Packet over SONET and ATM over SONET
chipset devices. The VOS 9112 dual mode CMOS device complements
the previos mntro-
duced  VCS9110, a
2.5Gbis; SONET ATM
UNI framing device,
and the VCS9111,
2.5Ghis transport ter-
mination  trar
Vitesse has also mtro-

=

CEIVET.

duced other new GaAs
in the VS

include
88 Ghis
Lol multiplexer, dnd
the 8122, a

SONET/SDH clock and
data recovery 1C capa-
ble of OC-3 to OC-48
hion (FEC) 2488
reased optical
spersion and noise from the other chipset components.

data rates. Finally, the 9210 s a forward error
GB/s SONET/SDH CMOS device that accommodat
attenuation, di

TriQuint Introduces 1.6 Gb/s
Crosspoint Switch

HJ”\!HJHL OR. The TOBN4 i5 4
new 34 % 34 crosspoint switch from
Tritduin Semiconducton, Designed
for data rates of 1.6 Ghis (wk |1
include Gigabit Ethernet. Fi
i I“|| AT \I ‘-i}\l i S[‘H

| times of IL\\ |h.u1
2 of less than

PAs for Millimeter-Wave
Communications from Sanders

Nashua, VH. Sanders
announced six new pHEMT GaAs
MMICs for the 26, 30 and 38 GHz fre-
quency bands, The SGPA-OTXXR-CC
T teatures the O7006-CC
07007-CC for the 37-40 GH# rur
which provide 1.5 W (9 dB guin) and
! nd the 200 mW

07070
o H and 400 miW, |\-'Kl||\(|\
o the 2427 Gz band, the
TO18-CC provides 1.75 W and 15.dB
ZAin

Mitsubishi Leadless Surface
Mount Packages

Mitsubishi Elee-
has unveiled
4952, These are

Sunnyvale, CA.
rontics Amer
MGF4951 and M
low-noise HEMTs for use in LNA
applications - and
leadless sur
The MGF4E
noise fig
12 GHz. whi
6 dB noise
12 GHz. The

lor frequencies of 26

and 13 dB 1
the MOt

¢ ~||I|J|\|L
gher,



NEW DEVICES

NEC Oscillator/Amplifier, High-Power Switches

Santa Clara, CA. California Eastern Laboratories (CE

A
/=
D) (=

C=

mnounced the NE72218, a new GaAs MES-
qce is designed for oscillator and amplifier
ons and features an output power (P q) of 15 dBm at
2 GiHz and a phase noise of —90 dBc/Hz (at a 10 kHz off-
set), In addition, the company has added three new GaAs
single pole, double throw switches (the UPBI53TH,
UPBIS4TE and UPBISSTB family) with insertion
losses manging from 0.3-0.6 dB and P power out-
puts in the range 30-34 dB

w

GaAsTEK Amplifier and Front-End Solutions

Roanoke, VA. GaAsTEK has announced six new
devices, The ITT2301AF, ITT2303G) and ITT2302GF

Anadigics Switches for Wireless Applications

Warren, NJ. A line of single-pole double-throw reflective
GaAs 1C switches has been introduced by Anadigics

are PAs for 2.4 GHz applications, The ITT2301 AF, for
example, provides +26 dBm output gain at 3.6 V. The
other three devices, for C-band applications, include
the ITT6401FM, ITT8401FM and ITTR402FEM, The

Serving wireless applications from DC to 3 GHe, the
AWSSS01513, AWS3303515, and AWSS504513 allow up
to <38 dBm input power at | dB compression and can
channel incoming signals with a third-order imercept point
(QIP3y of £35 dBm at 1.9 GHz

ITT6401FM (4.5-7.1 GHz wures @ Py, power out-
put of +33 dBm, PAE of 40% and lincar gain of 18 dB.

Motorola Integrate PAs for Single-Chip

Alpha Introduces Attenuators for 0.5-3 GHz TDMA Phones
Range, GSM Synthesizer Switch
Phoenix, AZ. Motorola has integrated two complete
PA chains into a single chip design, The pHEM T-based
MRFIC 1856 can operate at both 824849 MHz
{(TDMAAMPS. cellular handsets) and 18501910
MHz (PCS TDMA phones), Adjacent channel power
and alternate channel power specifications are —29 and
—48 dBe. respectively for both TDMA and PCS
IFDMA applications. PAE performance is 45% for the
%00 MHz band and 35% for the 1.9 GHz band.

Woburn, MA. Alpha Industries’ new GaAs FET dig
tal attenuators for the 0.5-3 GHz range feature an
attenuation accurncy at 1 dB steps to 15 dB (part num-
ber AAIU5S-86) and at (L5 dB steps to 15.5 dB {part
number AAT6-R6).

Alpha Industries has also annouced the AB10D-U0, 3
GaAs | hased synthesizer switch for use in GSM
base stations in a surface mountable BGA package
Designed for the 0.70-1.1 GHz range, the module is.an
SPDT isingle-pole double throw) switch which
employs three GaAs ICs mounted on an impedance
controlled substrite

Base Station Amplifiers from Raytheon

Andover, MA. Ravtheon is supplying o new PA for
base station applications. The RMBAI%620 s
o for PCS/DCS 1800 MUz opera-
linear output power at 42 dBc, a
and small signal gain of 30 dB.

ned specific
tion and offers a 5 V
PAE of 2
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Specisl Advertising Section

For a Winning Partnership,

Team Up With the Best in

Compound Semiconductor
Epitaxy

ent mrup-mrul

Pl epiwafer s
(International Quantum Epitaxy) is firmly established as
the leading “pure play™ founcdry for the supply of ciistom
epiwaders to the compoud semiconductor industey,
Moreover, IO has the core competenc feillied man-
agement, and solid Anancing required 1o be the domi-
suppaticr (o the compoumd iconducto
samme way that TSME (Taiwan Semi-

dng ory) in outsourcing silicon
I© marulicturing,

More than the sum of its parts

TGE is much more than fust the combination of EPIL
the leading opto-electromic MOVPE wafer manufacturer
and (ED, the leading MBE electronics epiwaler house,
The diversity of the new comprny’s product range, the
combination of both MOVPE and MBE manufic iring,
aned the fuct that IOE has manulacturing sites in both
Europe and the TSA all present a powerful combination
of advantages offered by no other wafer mamfacturer.

size of s nearest competitor aml
comrmands an extens les, marketing and support
network worldwide. dlelition, T0)E is by far the lnrgest
single ;..rnl!plmntn.d cutirely on the MOVPE wnd MBE
epliaxy processes, and therefore provides its customens
with sccess o level ol expertise ml expericuce that is
difficult to mateh anywhere,

©is three times the

Outsourcing - the key to long term
SuUCCcess

LTI mfaeturing will be o key
business strutegy for an ever-inerensing number of pl
ers in the componnd semiconduetor industry. To apgy
ate the importance of outsourcing, one only has 1o ool ot
the model adopted in any suceessful muature industery,
and in particular to what has happened in the silicon
industry over the past three years, Mony major silicon [
manufaeturers foand o their cost (hit investing in expen-
n-honse fub capacity withomt having o coberent outs
E gt pobicy was o very paindul expericnce. Most ane
o outsoureing significant parts of their 1C manlaciare
o specialist “pure play™ 1C
fonmddries, who can limit their own

PRODUCT RANGE
COVERING ENTIRE
IRKET

— &P —

= \lgty o in- opte-akscrons

BOTHLEADING
* MOVPE hased WAFER TECHNOL O

27 1958 REVENUES
PROFITABLE

CAGR 28%

AsiaEirope ([65%]

» Laading MOVPE epitasey Company Lt

= 111 Employess PRODUCTION SITES IN
EUROPE AND US
* $35matanca orders —
* Inspansian
mmutivafer reac

$13M OROER BOOK
180 EMPLOYEES
RAPID EXPANSION

risle and reduce customers” costs
by spreading thiir business over
1Y CHSTOTers,

The rise of specialist substrate
wnnfictnrers offers o dillerent
view of the same issue, In the carly
days of the eompound semicondue
tor industry, mony corporations
had in-howse TV substrate mam:
fneturing capability. Now, however,
almost none make their own sub-
strates, becanse it no longer nnkes
any ceonontic sense, The produc-
tion gquipment is expensive, the
expertise is seurce, and the valoe
added is limited, Stmilarly, high
guality epitaxy regquires o major
investment in equipment and ficil-
together with o luigh degre
ol skill fn growtl and chiaracteriz
tiom, bt returs o sl amount ¢

Q€ was formed by the merger of MOVIPE-specialist €°f and MBE-specialist (IED,

3 Compoursd Semiconductor 3(6) July August 1999

walne-added in compurisen with
downstream activitics.
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“Epitaxy s too expensive” is o mniversal lunent. The

best way to |Jnu}_| down the per-waler cost §s o generite
ceonomics of sale, allowing end markets to be saeil
more casily and grow more rapicdly, 10E, by being the

foumiry, will be ot only the cost
The comprany will

largest “pure p
learder, but also the rulumlos:\ Ixu:lx
be able to invest-more i opi
ment than most companies can or are willing lu.nll'cmi
given their core business licus.

Pure Play - no conflicts of interest

7 has only sne foens: o be the leading epiwaler
supplivr worldwide. The company puts o high value on
its relationships with its customers,
lengihs toavuid ny |J|alu||u|| conlli
Therefore, IOE h

devive or uunpnmm il
are oo threats to the costomer’s intellectun] property or
entiadity, Unlike many of its competitors, where
relatiomships are compromisced by o diverse
foes on other sctiv . 1OE has establisher the
strongest possible I|.|l.l||lil1~|]1=]h with many customers
who vitlue the focus and commitment that working withi
TOE Drings.

Rapidly expanding capacity
10 is enrrently in o phase ol rapi
Cardiff, United Kingdom, II!E h

tern purclins

{}
shed a long-
- | |t|11]|1p\nll| Adxtron,
LEE T Inn e currently indergoing o=
with |JIul|II|.Hu|: dhue in the fourth gquarter.
Further reactor aequisitions, including GaX i
b made thi ir. In Bethichem, PA, I4
provess of commissioning the tadustey's fiest mul{iwafer
37" MBE muaeliine, the VO Semicon VIS, This will be in
production by the fourth quarier of this vear, and a
onid V150 is scheduled for installation in the first
20008,

New product pipeline - HBTs, Red
VCS€Ls, and many more

In addition 1 o comprehensive range ul'\'\Mju”
products, 10 atinues to bring new and i
ucts (o the market. TOE will continue to invest in [|h
rapicl development of new materinls and device stre-

tures 1o be able to offer its costomers state-of-the-art epi-

taxial walirs.

€ manufacturing focility in Cordift, U

turing, wnd us o resalt there

WED's VIS0 multiwafer MBE system - the industiy’s
first multl-&" wafer MBE system.

g s already established stae-ofthe-aet produc-
tion processes for both GalnP and AlGaads Cadoped HETS
Tay \HJ\T] antd C-doped THTs by MBE
around, large area gqualification proce
seeess the highest quality materials with L'_\IJ!I'IIIl[n[] e
formanece levels, Multiwafier 47 versions of both types ane
availuble with multiwafir 6" TS scheduled for procdue-
viont i 4 TEEK,
. soprovided waters demonstrating world
- products such as G50 nm VOSELs, res-
v LEDs, and long wavelength VOSELs. In
ignificant worl hus been done on the develop-
monpilic I's for mu-wove applications
nsing both arsenide- and antimonide-based buftering
schemes,

Many other prodiets in development. In addi-
tim, I participating in severnl European and 175
programs to develop leading-edge products based on

\ of the largest eollee-
tioms of materials expertise in the dustey ad the oo
cial resource 1o back it up, I0E will continue to forde the
wuy i new and ever more comples matedals steactires.

IQE - your natural epitaxy partner

With an unparsdlcled hevel of expertise product runge
and manufiscturing capabilites, T0E is the natural out-
source epi foundey Tor any compound semiconductor com-
pany with a clear vision of husiness effeciivencss,

For a winning partnership, teom uo with the best in
compound semicondluctor epitaxy, Call us now or
visit olr website at www,IQEal com.
Euwropean Headquarters:

TEL: +44 1202 794 422
FAX: + 44 1200 770 029
emoil: mscott@epitorialproducts.co.uk
US Headquarters:

TEL: +1 610 861 6930
FAX: +1 610 861 5273
emall: info@gedmbe.com



New Products/ .
The Leading TCAD Provider

New ILiteratire Announces the Most Advanced
Heterojunction Device
Simulation Featuring...

# Arbitrary Semiconductor Materials
# 10320 and true 3D Geomgtries
# State-of-thewart Transport Mosdels
w Dl Diffusion
¥ Thermal
(lattice femperature)
¥ Hydredynamic

Information about
New Products/New Literature
Advertisements
Anad in MNew Producie/New  Litarairme s the most dost
eﬂe:llwe way 10 \nrf\.duce ,mu latest develogmenis 10 the

clor Industry. Quarier (<300

ads are available, and ey
w Pagemaker files) ar &5,

# Mot robust numerical
algoeithms

# Highest quality grids

# Graphical User
Interface for Pevice
Structure Creation

words) and half {-200 w
can be submiited as Qua
Unformattad et and graphics
For more infarmagon, contact
Mane Meyer
Franklin Publishing
163 (a‘l\\ul SUBEt, SEewrl\.
A

TEL[1¥578 927 9594 » FAJ( [11978 927 9853

Emall: mmeyver i tmpsem com

Integrated Systems Engineering, Inc.,
111 N. Marksl Streat, San Jose, CA 85113
Tel (408) S18-6300 ext, 110
Fax (408) 918-B306
salesi@ise.com of Vs Www.se. com

Come visit us at ICSCRM'0S and GaAs IC"99 in October

ARSINE ceneraTORS

Eliminate hazardous compressed gas cylinders with AsH3
produced on site, on demand.

= Low Pressure

* No Limits On Gas Storage

* Solid Source...Shipment By Air

> Highest Purity Available...»99.9999%
> Easy Installation..No Safety Approva
= Fully Automated

> Low Price Per Gram

= Proven In Praduction
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Electron Trunsfer Technologies, Inc.
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Discovery Laser Diode Machine
for InGaAsP, InGaAlIP, AlGaAs

EMCORE s pleased jo infroducs the Dissovery laser Diode
Machine HDM} the first tool in its closs to provide customers
with reliability and contral of wafer lemperature
and unifarmity afsplrwuul moterial processes

The DM is a hull

InGoAsP, InGaAlP, Lvd AE:A&
leser dicde produchion tool engi:
neered to occomplish excellent
unifarmity of !hmfnﬁ doping,
anel composition

Features of the LDM include:

Exclusive Reallempe emi d pyromelry
system for clu:urmaly measunig and controlling wafer
temperniurs
Unparalleled run to run 4 control
Exceptional material uniformity and reproducibility
o Hlighest theoughpst avoilabla for InGaisF, InGaAlP, and
AlGaAs busejh:wzr diode materiols
Unigue Flow FlangeTM dessgn for precise renciont delfivery
and exceptional contrel of unitermity, leyer thickness, and
sharp inferface chrupinass
Cantoct Us To Learn Mare Abaut the Discavery LOM
JRE Corporation
394 Eljzabeth Avenve, Somerse, NJ USA
Tel: +1 (732) 271-9090 Fax: +1 (732] 271-9684

WEB: hitp: //wwwemeare.com * E-mail; info@emcara.com

Real Temp™

Advanced Pyrometry M

System by...

Tunwe”be-' ih ioted with g subsfrafe sur-
femperature during qnvhamf growh processes, EMCORE

|nimduces the exclusive RealTemp™ system

By un:uru&elr determining frue substrale temperaiure; the

RealTemp™ mecsurement sysem enables wers bo improve the

quality nf' highly sensitive moteriols and focilitates o mars effi-

cient, accurate, and cost-effecive production process. Some
features of Emﬂ'emg:l include:

* Acourabe informatics on waler femperaiure is provided
befare, during, and ofter the depasition process

# Allows guick temperature adiustments oher hecter system
maintenance, waler chonge, or wafer carrier change

* Thermal stabilizotion imes for both the heating system and
waters can ba easily menitored after reactor cleaning

* Users can confirm “run-to-nun” temperature repeatohility or
adjust the substrate heating system fo achieve precise wofer
lamperotures

Contoct Us To leom Mare About ReolTemp™
EMCORE Corporation
394 Ehizabeth Avenue, Samerset, NJ USA
Tel: 41 (732] 271-9090 Fooe 41 {732) 2719684
WER: hitp: /v S

re.com * E-mail: ink com

Sonnet Software Announces Free Electromagnetic Analysis Software

Syracuse, NY - June 30, 1599 - Sonnet Solftwore
announces Sonnel Lite, @ free 3sﬂef|:mar alechamagnatic

[EM] analysis m{fm:lre suite Bosed on the hdl Sannet em
Suife EM analysis product line, Sonnst Lite is o no-cost EM
onalysis packoge suitable- far micrastrip, siripline, and 2-
lciya circuils including infer-loyer vios and wias to groun

plones

Users can enter circuil leyouts in an easy-to-use drawing
editor, pesform EM anohyses, plot and print outpul resulls,
expor! output data (5Y.Z porameters) fo other high-fre—
cy simulatars, and disploy and onimate circuit current
&mvy Sonnet Lite includes EM anolysis combined wilh
lumped elements, os well oz the capability 1o mtm row
adive devices !hmugh exdernal S-parameter data
SPICE model extroctions may alse be derived for arhlrmry
circuits and interconnects thot are electrically smoll com:
pored fo o wavelength.
Both registered and unregistered versions are ovailoble at
no cout, Registered versions of Sennet Lite will salve circuits
requiring up o | &6 MB of RAM to solve
Sonnet Lite may be downlooded (12 MB} from the Soanet
Saftware web site (hip:/ /wwwi sonnetusa.com), or you can
order the CO-ROM directly from Sonnet.

For more information, contact
Shawn Corpenter, VP, Sokes
scurp@sunnsmw com, (315} 453-3094
bt fwewrwe sornetiso com

ol

Sonmet 5 re
T, 1020 Sevinth Nosth St., Suite 210,
Liverpoal, MY 13090




Resistless Patterning

KUMAR SHIRALAGT and RAYMOND TSUT
Motrola Laby
Tempe, AZ

terned m order to defing arcas for such steps as cryseal

prowth, eiching and metallization. Conventionally, photo-
resist is used to pattern the wafer surface, and usually regist is
only used s un mtermediate step to tranafer the partern on o a
more stable oxide or nitride mask. This report is on-a novel pat-
terning technigue to modify the surface itself into forming o
mask suitwhle for subsequent processes, Particularly, the combi-

In typical semicanductor processes, wafiers are repeatediy pat-

nation of resistless parterning of GaAs and sclective growth of

material in the mask spenings in o chemical beam epitasy (CBE)
syster leads to unigue structures and fabrication processes not
casily possible otherwise, The ahsence of photoresist in certain
semiconductor processing flows brings aboul many advaniages
uuch s n.lcn.n]lness. fewer process mps. lllmummn of certain
in yield, and imp

with cluster tools:

The Patterning Process

A GaAssurface is known to have a native oxide approxi-
mately | nm thick. Exposure to ultra-violet (UV) light in a oom
ambient modifies the native oxide into o more stable oxide
1.5-2.00 nm thick {(measured by ellipsometry ). As observed by
reflection high energy electron diffraction (RHEED) in a CBE
system, the native oxide desorbs at S20°C whereas the L'Vomod-
ified oxide desorbs at temperatures above 643°C. Based on x-
tay photoeleciron spectroseopy messurements. we hypothesize
that the native oxide consisis mamly of a thin lver of GaAsO,,
wherens a thicker and more stuble Ga 0y contnbutes to an in-
creased desorption temperature in the U'emodifisd case™,

The parterning process was carried out utilizing a colli-
mated 248 nm UV lamp. A Gads waler was placed under o
chrome-on-quanz mask typically used in semiconductor litho-
graphy and exposed to UV light under a room ambient for
about 3 minutes o modify the GaAs native oxide. In contrast,
the conventional resist process of patterning nitride involves

the deposition of a thick nitride layer followed by & number of

process steps using

rious chemicals and elaborate ¢leaning
procedures. Suc ul resistl s patterning was verified by se-
lectively etching GaAs in the native oxide region with wet or
dry {chlornne based) chemistry to depths preater than 100 nim.
The patterning process is shown schematically in Figure 1.

K. Shirclagi. 8 Tew and H, Gorokin, Appd, Phys, Lot 1998, 77 ¢20),
p. 2987,
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248 nm LV light Ghrome-on-

/ quartz mask
“—_ Native axide
(GaAsO,)

() = Gahs

Umadified oode (Gay05)

) l i Dzr“g:i suon

(b}
Selective growth at T=645°C
Seleclive
» siching
i}

Figure 1. Schematic of the resistless parterning process.
() The native oxide on GaAs is modified seloctively by
expasure to UV lght through o mask, () The unexposed
native oxide is desorbed, leaving a surface patterned
with UVamodified oxide, (c) The UV-modified exide acrs
as a umkaor selective etching or growel {below the de-
sorption tempevature af Gax0).

Selective Growth of InAs

on GaAs 1s
com dioxide

Typically, selective area epiti
performed by first patterning o waf
or nitride mask and subsequently g
posed arcuz of the patterned wafer. Any contamination on
the mask can a a nucleating site for atoms during SAE
and impede selectivity, resulting in the deposition of pul\-
erystulline material on the mask. This ch:
ity of the wafer surface and causes the growth temperature
(a5 measured by optical pyrometry) to drift out of the se-
leetive growth process window, This problem is commonly
seen in the SAE of InAs, It (s thus imperative that stomi-
cally clean patterned substrates be used. Incidentally, it is
extremiely difficult 1o obtain an atomically clean surface
aver large areas after using a resist process to pattern the
water, This situation essentinlly led to the development of
the present process wherein the semiconductor surface it-
self is aptically modified to act as & mask for subsequent
processing.

A water patterned by LIV exposure lbn\u;.h the chrome-
on-gquartz mask was loaded into the CBE 1 angd heated
SRO°C to desort the mative oxide, resulting in window regions
of clean GaAs as observed by RHEED, The regions with
G0y remain intact and actas & mask for SAE in the exposed

wing only in the ex-
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windows, The wafer cooled
about SO0°C and selegtive InAs grown,
InAs can only be selectively
Lrown in @ narrow range of tempera-
ture (10~ E57C) and VI ratio. Several
factors such as the type of substrate
(semi-insulating or conducting), type
of mask (nitnde or oxide), surface
conditions, doping and hoi sources
inside the growth chamber all affect
the  surface temperature during
growth. Thus it is very challenging 1o
keep the growth conditions in the nar-
row window necessary to obtain InAs
A il of these
ited or in some
result of the use
I'he inherent
sk amd i1s mini-

hute to the e
tive InAs.
Results of the selective §

The SEM jmages show the high selec-
tivity achievable with the thin oxide
mask. resulting in the growth of thick
InAs without damaging the mask or
causing any nucleation over it Very
smooth (11} sidewalls were obtained
for lings along the [010] direction as
shown in Figure 2a. For features ori-
ented wlong [011] direction (Figure
Ib). vertical sidewalls were obtained
without the formation of higher index
facers. In contrast, lines in the [011]
direction {not shown) exhibit the for-
mation of (111} and (311) facets as
sidewlls: Facel formation is a resull
of the net growth rate in each crystal-
lographic dircetion, which in turn is a
function of the V11 ratio, substrate
temperature, shadowing effect due 1o
arientation of the lin pitaxial L

thickness, and the source-substrate
geometry,
Lising a simple collimated UV

during expostre,
sub-1mi

with the wa
possible fo patter
Features, Fi 3 shows @ cross-sec-
tional SEM imag

InAs for lines |\||‘.cmu1 in: the [011]
direction on G The spacing
VEen I 16 b5 fess than 300

n sizZe

of selectively grown

b
demonstrating that the sm

Figure 2, Selective InAs growth on resistlessly patterned GaAs wafer
shows a line along the [010] divection, whife (b) sho

cal favet for ovientation along f011].

tures aviilable on the mask were repro
duced.

Device Demonstration

e resist residue lefy

Atomic. s

behind even after thorough cleaning
degrade device performance by

(e

using high contact resistance, gate
e and degraded breakdown, The
combination of SAE and resistless pat-
Lermin, tes the use of photore-
sist in the definition of source
drain during MESFET fabri
demonstrated here, Conseguently, the
tons were protected from

lenk:

channel re
exposure 1o resist and ass
ieals. Photoresist was only used here to
car 3ulll\_r>nlmli.['hqnu.mn_nl.|1I|.f|.h.'
fubrication of the device, This appr
opens zp-opportunities for in-situ fabri-
cation of novel structures, and for total-
ly in-situ fabrication of devices in a
cluster tool,

The process flow is schemati
shown in re 4. The MESFET struc-
e (with heavily n-doped GaAs cap
wis first grown by MBE and then
reaistlessly patterned. Next, | pm thick
Si-doped InAs source-and drain contact
ERUWT Lsing
| spacer was
n dioxide

ed chem-

regions were selectively
CBE (Figure 4a). A siclew

formed by deposition of sili

" fu)
3 .\q!u.rrﬂ with a verfi-

—
500 nm

Figure 3. Sub-i00 nm spacing

between  selectively grown  InAs

lines.

all over the wafer (Figure 4b), followed
re 4c).

wet eteh (Figure 4d) and subsequently,
drain and gate metalhization
was formed inasingle-step evaporation
process (Figure de). Both the Tatier
steps were earried out without the need
for a m Aluminum  forms a
Schotthy contact in the g rion and
good ohmic contacts to the heawly n-
ree and drain

soeurce.

e r

uopui InAs in the
L'~|‘\.‘|.'-'I\\|\ Once the device
ricated. it was cov-

Pegians,
was completely
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image of a narrow gate length FET is shown in Figure 3a.
The I-V characteristics of° one such device are shown in
Figure 5h; this device had a gate length of 5 pm (probed with-
aut contact enhancement). The contact resistance between
GiaAs and [nAs with Al contact metal was subsequemly re-
duced 1o better thati 1 ohm-mm with multiple Si delta-dopimg
of the GaAs prior to doped InAs growth.

Resonant mterband mnneling diodes (RITDs) based on
the InAs{ALGa)Sh material system were also demonstrated
using SAE and resistless patterning, The inability to grow the
thin (3 nm) AlSh barrier layer selectively caused some mucle-
ation on the mask during the top InAs contact layer growth.
Nevertheless, the selective RITD exhibited negative differen-
1! resistance with characteristics comparable fo those grown
on planar substrates,

In-situ Mask Removal and Regrowth

The thin masking oxide also enables in-sitn removal,
usetul in certain applications requiring re-growth, Since InAs
is not sufficiently stable at the high temperatures needed for
thermal mask removal (645°C), an easier method is to etch
the mask using CBE-compatible gases, Tn the SEM cross-
section In Figure 6, the mask was etched off by exposing the
surfioe to triethylgallium for a few seconds, Free gallium re-
aets with the G Cx, mask and eventually erodes it Once the
mask was removed. GaAs was regrown to surround the selec-
tively grown InAs, forming an embedded structure as shown

Selective GaAs was also grown using tri-isopropylgal-
Tim. This process allows the use of lower growth tempera-
tures compared to one using triethylgallium, and hence re-
duces the reaction rate of Ga with the mask, but still results

"

Si-doped
InAs

Wet etch

i}

Figure 4. Process schematic for resistless MESFET fabri-
cation, (a) Selective deposition of n-InAs source and drain
contact regions, (b) SiO_ deposition, (c) anisotropic dry
etch, (d) wet etch, fe) metallization, (fi nitride deposition.

(b) g - |

Figure 5. (a) SEM picture of a fabricated I.F i it
() I-V charactersisites of o 5 wm gate length depletion
mode MESFET for gate voltage ranging from 0.8 V' to
—2.2V in steps of 0.6 V.

in the slow erosion of the mask at the edges. Initia
demonstrated the growth of greater than 200 nm of
fore the masking oxide showed degradation at the edges and
subsequent erosion. After the SAE of GaAs, the mask was re-
moved in<situ by heating the substrate o 645°C under an ar-
senic Moy, In contrast, a traditional silicon dioxide or nitride
mask would require harsh, ex-situ, wet or dry etch processes
Onee the mask was desorbed, growth was further continued
to embed the earlier grown structire in AlGaAs. These struc-
tures allow. for instunce, the one-step fabrication of CGaAs
As waveguides, which is a useful process in opt
tromc device fabrication.

attenipis
JaAs he-

Growth on Facets

In wnother demonstration of the application of this
technique, InAs was selectively grown only on one side-
wall of an etched mesa. First, a GaAs substrat
ventionally patterned and etched to form me P
these substrates were exposed to UV light at an angle such
that one of the side facets was completely shielded from

was con-
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Figure b, Following selective growth
of InAs (rectungular shape, center),
the oxide mask was removed in-sita
allowing vegrowth of GaAds to form
an enthedded structure.

direct light exposure and was in the
shadow of the etched ridge. All
exposed surfaces resulted in a modi-
fied Gay0y mask while the unexposed
regions were left with the original

native oxide. Upon heating in a CBE
system, the native oxide desorbed
1 shadowed side-facet
and the remaining Gay05 remained
intact. Selective InAs was grown o-a
thickness of about 100 nm as shown
m Figure 7. Nucleation was only seen
on the side facet. In contrast, 4 region
on the same wafer that was not
exposed to UV showed growth every-
where. Even though thick InAg
grown in this study to facilitate casy
imaging of the sidewall grown strue-
ture, it is ohviously possible 1o grow
thinner InAs to only form qoantum
dots or wires,

lrom the

Summary

The one-step resistless patterning
process on GaAs simplifies fabrication
processes in certain applications and
allows the fabrication of novel struc-
ture in others, Further effort could
cnphle the use of this technology in

ICSCRM’99

Figure 7. Thiv GaAds mesa was
exposed to UV light from the direc-
tion of the top right hand corner,
Jorming a modified oxide mask on
the exposed facers. fnAs was grown
selectively on the unexposed lefi-
hand facer.

manufacturing applications contribut-
ing 1o cost savings, yield enhancement
and other related henefits,

International Conference on Silicon Carbide and Related Materials 1999

October 10-15, 1999

The Sheraton Imperial Center

Research Triangle Park, North Carolina

In this international conference new research results in the field of wide

bandgap semiconductors such as SiC, I1I-V nitrides and related

semiconductors will be presented and discussed. Topics will include, &
£

but will not necessarily be limited to:

= Bulk growth
= Epitaxial growth

= Device processes (such as implantation, doping, contacts, etching, ete.)
= Devices (such as power, high temperature, high frequency, sensors, elc.)
= Material properties (such as structural, electrical, optical, defects, ete.)

= Surfaces and interfaces

GV >
ICSCRM '99
Late News
Abstract Deadline:
September 1, 1999

For more information, visit the conference Web site at hitpi/fwww.ieserm99.ncsu.edu/ or contact:

Cindy Allen, NCSU Fax: (919) 515-7614 e-mail: cindy_allen@ncsu.com

Compoend Semiconductor 5061 July/Augus 1959
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Explaining Emcore

America’s largest manufacturer of MOCVD equipment is
reinventing itself as a supplier of compound semiconductor
materials and devices. We seek to sort out the details.

MARIE MEYER

eal-making m the compound
Diemicnnducm industry tends to

be preity straight-forward. But
management at Emcore: seems to be
trying to raise it to an art form. In less
than two years the Somerset, Nl-based
company has entered into at least ten
different afrangements ranging in
complexity from long-term purchase
contracts to joint ventures to outright
acquisitions, See Tuble One. The pur-
pose of all this actvity is 1o allow
the company to expand beyond its
traditional business— mﬂnul’acturmk
MO( VD -.yklr:m%—h)‘ rnnvmg mtu

fer and
device sales. M.m.lgx::ncnl believes that
these new markeis offer better growth
prospeets and higher profit margins
thin the equipment business; This strat-
epy makes Emcore unique—no- other

licensed the technology to Emcore, The
deal is non-exclusive, allowing Emcore 1o
sell MR sensors based on G
2y 1o ather compani The division that
produces the MR matenals is known as
EED—Emeore Electronic Devices. The
product name 15 Pegasus,

This transaction has been the corner-
stone of Emeore’s materials/devices effort
until mow. GM has sccounted for roughly
half’ of Emcore’s matenials-related rev-
enue and 10-15% of Emeore’s total rev-
enue since 1997,

In October 1998, Emcore formed a
Joint venture called Emtek. Their parner
is Optek Technology. a packager and dis-
tributor of optoelectronic devices based in
Carrolton, TX, The goal of the venture is
1o expand Emcore’s custmmers for MR
sensors—in particular, finding other o
tomers than GM in the automotive fichd.

company in the industry has

In May Optek was acquired for S200 mil.
l3on in cash by the Dyson-Kissner-Morar
Corporation, & holding company
other interests in the automotive
This transaction is not expected o effec
Emiek.

The “Big Three™

Emeore’s hopes of expanding thei)
muaterinls and device business are
major efforts i the sreas of VOSELs
solar cells, and LED:,

fed 1

VCSELs
In December 1997 Emcore acquire:
MODE  (Micro-Optical = Devicesi, |
Albuquerque,  NM-based  company
formed by former employees of Sandic
Natiosal The all

Labaratory.

attempted to sell equipnient, Emcore Results, 1992-1999 Figu= 1 -“"‘.‘I“l" "“"j\' yas “"““I“””‘ 3224
masterials and devices on a large million. At the time ol the acqui
) z 550,000 510,000 sition, MODE had no products
— but did have six VOSEL-relute
ry 50 3
5 N s H $40.000 ) § development projects ir
eneral Motors Starter e i (H10.000) S5 | progress. Emeore subseiquently
: o = (820.000) %E narrowed  the company's focus
Emcore’s first foray into | 8 ga0pog S5 | onto two products for the Gigabi
sales of compound semiconduc- g ($30.000) == | Ethernet market: *
tor materials and devices busi- | 8 510,000 (540,000 E discrete high <
ness came in January 1997, when H ﬂ component for serial fiber «
the company began shipping epi- £0 T (50,0001 applications, and “Gi
taxial InSh dic to General Motors \ﬁf@ﬁgf\ﬁ\@‘\@\éﬂ array of VC
for use in MR sensors, GM had parallel optical interc
developed the devices in their e ilT‘h-:- L{}iultu;:: |\rll.:|l:L'I wa
R&D fab, Afier in unsuceessful = Revenus (Lafi axis) moved into production s
alempt o el p ifs own epi- | e | Netincome (Loss) (Hight = February 1998 and the Gigarray
wafer pi L GM product was moved into produc

5§ Compeunsd Semiconductor 56 July/ Aupust 1999
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ton in December 1995 In Seplember
1998, Emeore signed a four-year pur-
chase agraement with AMP Incorporated
to provide VCSELs for a family of opti-
cal transceivers for the Gigabit Ethernet,
FibreChannel -and ATM markets. The

deal obligates AMP 10 purchase 80% ol

their VOSEL requirements from MODE.

Solar Cells

Sudar cells huve been important to
Emcore for several years, The Spectrolab
division of Hughes, on average, account-
ed for more than 15% of Emcore’s rev-
enue in the three years from 1996 1o
1998, Spectrolab and their rival Teestar
are the yndisputed top producers of com-
pound  semiconductor solar cells for
sufellire applications. Specirolab pur-
chased both MOCVD systems and epi-
taxial material from Emeore in the past.
However, now that the company has
built-up its own in-house capabil

supply of germanium for Emcore’s solar
eell effon,

LEDs

In February 1998, Emcore and
Uniroyal Technology Corporation formed
Uniroval Chpto-glectronics (LUOE). 4 joint

venture 1o manufachure high hngjunws
LED  epiwafl and

of visible LEDs, the curremt emphasis
seems 1o he on blue and green devices.
i My 1999, Emecore and General Electrie
Lighting formed Celcore, a joint venture
10 develop and market white light LEDs
for solid-state lighting applications. At
present, Emcore s developing proprictary
emitter desigms for this venture. Both com-
panies hive agreed thas Geleore will be

p
devices, UOE recently opened a ncn
faciliy in Tampa, FL. While the venture
is capable of producing the full spectrum

their exclusive vehicle for add the
solid state lighting market, Emcore ¢an
continue to sell MOCVD reactors 1o other

LED companies—amd even sell a basic

chases from Emcore hive dnmpul off
sharply.

Therefore, Emeore found new part-
ners. In November 1998, the company
signed u four-year purchase agreement
with Space Systems/Loral to provide
compound semiconductor solar cells for
Loral’s satellites
Emeore Photovol d
began shipping to Loral v a limited basis
it June [999,

EPV's first advertised product 1= an
InGaPGaAs/Ge tandem junction solar
cell providing 23% efficiency. In addi-
fion 1o its contract with Loral, Emcore
also has an agreement with Lockheed
Martin Missiles and Space 1o participate
in @ cooperative R&D  agreement
between Lockheed Martin und Sandia,
The goal is commercialization of o new
high efficiency compound semiconductor
solar cell.

And in November 199%, Emcore
formed UMeore, & joint venture with
Unton Mimere to explore new and |n1cr—
esling uses for Ge substrles in o

semiconductor epitaxy. Union Minicre,
which is based in Belgium, is the larpest
supplier of high purity Ge and Ge sub-
strates. UMeore Tuunched its R&D opera-
tions at Emeore’s hesdguarters in January
1999, Emeore also has a long term supply
agreement with Union Mimere for the

;g:dumnr\s non-axciisive.
[ an di
4

! Ackial Source SEC Hlings

Each Lsa 51%'40“\ jint vonture with Emcore js the mnurlEganhnﬁ.
et IOE nave the nside-track” o supplying biue LED chips to Galeore. But the

et supplad by Jessup and Lamont Sacuriies Corporation,

|5] Estimated Elmmail!l:al yearends i Sapt. Source: sassup and Lamant Securties Gorporation ||

z i)
Elolalslald| o
5 @
|6)¢ L] g
|
Turbalisc - x The ‘original® Emcore
L MODE Acqured I 1957 haa d year |
{Micro-Optical Amp x den!\owwrw»otﬁws
Divwvicis) VCBEL reguisements,
i Fouryear sales contrt win
ERY "ﬁmd X Loral signed in 1996, |
Larg-tem supply agreamant
EED =1 % for discoats InSh ep matsnal
in ehip farm |
Lang-barm agreemeant ks
The mewly formed £ Sumioma | e e
on—EPV-— na Epiwalars 1o S5 0 Jagan
wihite Bght LEDS
General i i |
Galears Eleciric A lsu;ewllsdoﬂale Tightng.
utc
WOE (Urrioysl Epmeatars and packago ready
{Uniroyal ecimbleny X LED che, esn, biue and gresn.
Oiploalseirones) Gomtratien) Saa alsn
Formed 1o find new |
Emtak Optak x cusiomens for MR Gensors
[other thar G}
Linion A&D iro usss 10r Ga
A Mijers x X | subsiates o 11t epitary.
20 1859 stanie] |73 105 10% | &%
FY1599 SEAM[S] |ed% 165 16% | 5%
- Frano0 S10EMI5] |515 3% 10% [ 8%
Nmas
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LED companies—and even sell @ basic
biue LED production process, as it did in
the case of LUOE. However, the R&D
work currently under way specifically

for Gelcore will remain proprietary.
Emcore has the capability of sup-
plying small volumes of blue LED
chips from its facility in Somerset.
When Geleore s ready 1o move prod-
uets into production, it s helieved zhal

UOF will have the insirlc trach” o
lumes of hIll:

But there are many issues that will
have to be addressed in the execution of
this plan. The most ohvious s the need to
provide return on investment. While
Emcore his demonstrated uncommon
ability to raise financing, it has & poor
track regard with regard 1o profitshility.
Since 1992, the company has had enly
one profitmble vear—see Figure |
Emeore’s cumulative deficit over this
period is in excess of $67 million, with

pecially heavy losses last year. For the

LED Ehlpb. even though the desl is
non-exclusive on this point

Other Materials

most recent guarter, ended June 30, the
company reported a net loss of $5.2 mil-
lion on sales of $17.7 million,

Markets and Risks

As the new parts of the company
prow, Emeore’s equipment business will
shrink #s a percentage of total revenues—
although Richards expects it o grow in
ahsolute terms. While the Breakdown is
currenthy T0% equipment/30% materials
and devices, in two-to-three vears that
ratio coulid be reversed,

The new businesses should provide
Emeore with & much larger marke oppar-
tunity, Whereas the market for MOCYVD
equipment 15 fess than $100 million/vear, 1
recent forecast predicts that the combined
markets for the “hig three™
areas discussed p -
blue and green LET

In addition 1o the shove, | VCSELS, Solar Cells, Blue & Green LEDs Figure 2 ]
Emeore recently made its ﬁm' T and solar cells —will exeeed
i i i 600 $1.3 billion n three vears nme.
::;l;g;r;ﬁl[: .\E:;h[h;n;gm;li ?, 500 / VCSELs See Figure 2. [It should he
ny e e ‘§ / / ) noted  that this forecast wis
signed a long-term agreenent ; 400 — Salar Celis® offered by Jessup & Lamont. a
with Sumitomo Electric to [ 3 455 - / v - :‘:‘rm%r:,jfm with close fies

i ) i . - - O EMeere.
Jountly develop and produce 3 = ;‘/ /- AL mp 0
InGaP HBT wafers which will | 5 200 LEDs i e g e
be manufactured at Emcore’s EB = __,X/ / product areas :;Ii.un;;r:-.gur:-
headguerters in Somerset, New - enges

o 2 _‘(__*/J( (Y oty SEL market has,

——

lersey, and which Sumitomo
Electric will market in Japan.
Shipments of sample volumes
of materials commenced in
June 1999, The wafers are
produced by Emcore’s EIM
division, which lays elaim 1o
the title of “world’s largest manufactur-
er of epitaxial wafers” by virtue of the
fact that they supply the epitaxial mate-
rials for many of the efforts mentioned
sbove—especially the MR sensors,
solar cells, and LEDs. But they have not
been particularly active—thus far, at
least—in the market for providing cus-
tom epiwafer growth services. Instead.
Emcores overall emphusis has been
more on their own structures and
devices which can be sold more as a
product than as n service.

The Road Ahead

The above details an ambitious plan
that will take Emcore into virually every
sector of the compound semiconductor
industry outside of long-haul telecom
lasers and optical duta storage.
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Emecore President and CEQ Rucben
Richards explains that the recent losses
were necessary o allow the compiany to
move into the materials and device mar-
kets, R&D spcndmg. 15 4 percentage of
revenue, has becn ificant, In 1996
and 1997 it was 19%; in 1998 if was 38%;
and in the first half of 1999 it reached
39%,

“We spent about $45 million build-
ing out the manufacturing capability
and now we have four facilitics [one in
Somerset, two in Albuguerque, and a
49% interest in UOE new LED fub in
Tampa}. And we arc now bringing these
products to market,” Richards said.
“The lack of profitability was absolute-
ly by design—and we think that the
products that we are beginning to ramp
up now are the market leaders” He
offers a prediction of profitability some-
time in 2000,

thus far, evolved much more
slowly than expected. The anly
*uh antinl  application  for
'CSELS w0 this time s in
il Communications
where they  have
{See CS

FyHlems.
already become  commuadities.
3. p. 200 Michael Lebby, the director of

husiness development for giobal optoclec-
L AMP (Emcore’s strafegic partner

: WOSEL field) characterizes VOSELs
a8 “tough mhnulcu,\ with touph business
economics.” (il ).

But Richards reports that Emcore 1s
enthusiastic about both the long-term and
short-term prospects for their VOSEL
technology. [n contrast, he suys as recent-
Iy as six months ago, he was less enthu-
siastic about the short-term prospects,
The change is due to the receipt, within
the last two months. of two onders which
Richards says are of a-“substantial” mag-
nitude, and which should guarantee
MODES profitability.

“Now we are seeing signs of life,”
Richards says of the VOSEL market

“More than that. the orders are coming in
significant volumes now—instead of IJ!L
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S300,000 range, they are coming in the
550 million range: That tells us that the
[transceiver OEMS ] are really ramping up
right mow™

In the solar cell market, Emicore’s
biggest challenge will likely be the
strength of the competition, Tecstar and
Spectrolub share around 65% of the cur-
rent market for compound semiconductor
solar cells, Both companies have large
manufacturing capacities —for example,
Teestar has 13 MOCVD systems dedi-
eated to solar cell production. Moreaver,
Spectrolab has the inside rack on supply
cells to Hughes, the fargest satellite min-
ulacturer, and Teestar is rumored 10 be the
favored choice to supply the Teledesic
project, which will be the largest satellite
network ever launched, On top of all that,
there is the fact that geowth in new satel-
lite orders is-expected (0 be slow and spo-
madic. See Figure 3.

Emcore’s strategy for entry
ino the solar cell business is o
exploit their relationship with
Loral, one of the top three largest
sutellite  manufacturces,  Their
four-year contract will make them
Loral’s exclusive provider of com-
pound semiconductor solar cells,
provided that Emecore meets
Loral’s specifications and mile-
slones,

Richards. says that he is
pleased with the choice of Loral
as Emeere’s strtegic partner in
this area. The well-publicized -
problems with [ridium (on the verge of
bankruptey as this issue went to press)
have dried up much of the capital
resources for some of the more specula-
tive satellite projects. But, Richards sayvs,
companies such as Loral, who own their
own satcllites, “don't require market-
favorable financing to get their projects
lupnched” In his opinion, next to
Hughes, “Loral is the only pame in
town” a5 far as manufacturing saellites
is concerned,

Emeore will also be facing tough
competition in blue and green LEDS
As we reported in our fast issue, ot le:
five other companies are already pro-
ducing blug and preen LEDs in large
volumes (Nichin Chemical. Cree
Research, Ostum Opto Semiconductor,
Hewlett-Packard and Toyoda Gosei—

# of Satellites

see CF 5(5), p. 13). Moreover, iny
company entering this field may fave
patent problems. Emeore's l EDs are

vers, we just have o understand the
rnalcnalﬂ seience and the device technol-
opy,” Richards -mui “And thats where

hased in InG n tech-
nology. Nichia Chemical has filed
more than 200 patent applications for
this technology; over 70 of those
patents have been granted in Japan, and
14 have been issued in the US, with all
of the others still pending. Nichia is
already embroiled in an ugly patent
Tawsuit with Toyoda Gosei (one of the
five manufacturers mentioned above),
and have indicated that they will begin
suing foreign companies ohce this case
is Finished. (See CO8 5{4) p. 6)
Richards suys, without reservation,
that Emeore is not in danger. “When we
first embarked on developing a nitride
process two years ago we had a full Jegal
review done on all the owstanding patents
refevant to nitrides from materials to

our

And one c:mrml Teave a discussion of
Emeore without wondening why there is
s much emphasis on deal-making at the
company. "In each one of these cases we
brought in a capability that Emcore did
not hive and was unlikely to develop on
its own,” Richards said.

The top management at Emcore
renlized several years ago that there was
going to be an explosion in demand for
the types of devices that are typically
grown by MOCVD. So they began to
pursue a course designed to allow the
company (o participate in that market
through the sale of not just equipment,
but also materials, In their own words,
Emcores goal is "o capitlize on our
position as o leading developer and man-

Satellite Deliveries, 1998-2008 Figur= 3

ufaeturer of compound semican-
ductor tools and - manufacturing
processes 1o become the leading

device design, Based on the Emcore
process and the Emcore structure. our
counsel came back with an opinion it
fundsmentally Emcore does aot-infringe
on anyone else's intellectual property, and
we rely on that

Meoreover, he believes that Emeore
15 mare than capable of taking on the
competition 1n the market place, In terms
of nitride technology, “we regard our-
selves us the equivalent of a Nichia or a
Toyoda Gosel, only with far more pro-
duction reach,” he said. But the company
has only limited resources 1o put into
sales, marketing, and applicati
neerng of these products,
Emcore is using joint ventures io capital-
e on the technology. By relving on
Gelcore and UOE 10 take the lead, “we
don’t have 1w understind the markat dri-

300 supplier of compound s

250 e ¥ istic] | ductar wafers-and device

200 P Forecast But in the real world, the galf

150 /S that separates the equipment and

100 A '&.:-'. OP""“’:': materidls businesses is much larg-
50 i er than it might appear to be on
0 paper. This explains Emcore’s high

RE&ED costs. And while there are
many  risks inherent i their
approach, the ultimate reward s
the opportunity 1o participate in
markets that are mueh larger than
which Emecore could previeusly

those
BUCESS.

Can they pull it off? “Our customers
think we can, and that’s what really mat-
ichards, He also pomts: out
that whllL the sort of vertical integration
that Emeore 15 pursuing is not yet com-
mon in the compound semiconductor
industry, it has been & very successh
business model when applied elsewhere.
“Our mission is to be the leading com-
pound semiconductor technology compa-
ny in the world, and vou can’t do that
without moving into the device side of
" he said, Now that the
ofar cell and LED manufactur-
Ing operations are ramping up, we should
nol have to wart much longer for clear
indicators as to what the future holds in
store for Emcore
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GaAs Profits Up in 2nd Quarter

MARIE MEVER

good for most of the publicly rad-

ed GnAs 1€ manufocturers, with all
but Celeritek showing positive trends in
revenue growth and profitability.

The.mond quarter of 1994 was very

Alpha Industries reported  net
income for the quarter of $4.4 million, up
more: than 55% compared with the same
periad last year. Net sales were S38.0
million, up 29% over the sume period last
yeat, Revenue for Alpha's three major
product areas are shown in below,
Deliveries to one  major customer
(helieved o be Maotorala) were 3229 of
total sales for the quarter

Tom Leonard, President and CEQ of
Alpha, deseribed the quarter as “outstand-

Compared 1o the first guarter of 1994,
sales were up 22%. and again the wireless
sector was the strongest of the company’s
three primary markets, with growth of
3940 Net income was 52.0 million before
special charpes

Perhaps even more importantly,
Anadigics announced on July 23 that it
had reached an agreement 1o settle the
sharcholder class action lawsuits that
were filed against the company in 1998
Anudyzics will ke a $6.9 million chirge
for the settlement in their second yuarter
resulls

Commenting on the resulis,
Bastani
Office:

Bam
President and Chief Executive
wid that Anadigics wis cutpac

ing the “aggressive” targets: that he i
et for the company’s performance in thy
first half of the year.

“New product intro
are at recornd lev
els, we're ahead of our timetable for the
upcmng of F.:h 2 [|h; new b-inch fab]

tawsuits are hc!nncl s, m.lnﬂgumcm o
focus all of its resources and energies o

ng”. “Our markets are strong, our prod-
utts ineet the markeis” needs, and we have Alpha'lnd. 5763 958 3907
been winming new orders from o wide Aradgics 3935 479 =
range of customers” he said, The [eleik. 713 44.3
Wireless: Semiconductor has Corexard 49 50 279
_seen particularly strong growth, with 8é. 726
safes up 7% and operating income up
3300 over last vear,
In other news, Alpha recently
announced orders from Motorola for E-*Q’;‘;“‘-‘ ?O"GL et 1:—?2 ;?E 03
Sl e e 0 e CREENASDAG 7186 1050 %
less handset that will operate on both %"I Q&L—NN‘:;”.;RE—E%S i% z
IDENand GSh networks. (Seepge |3 e v NS0 T2 315 1770 630 5
Anadigics reported that sales in the D U L m? T'n 1283 1258 B
second quarter increased 35% over the L E“"""""?‘.’
vear-ago period, to $30:5 million,  All 72
three of the company's prmluu areas o]
showet Improvement, with thie m g;g'g
matic increase coming from the 3\33 =
sector, where sales (ncreased 75 iz =
pared 1o the year-ago period (0 $13.1 mll-
Tion, Sales of 1Cs for fiber optic applica- B 1315 T
tiems were up 43% 10 $6.9 million. Sales 12.70 12,50 1310 148 91
in the cable and broadeast TV sector _ 1350 LRl 3705 1] 34
increased 21% o S10.3  million. - = Loss in most recent 4 quariers  + = Over 100
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the business, We plan to continue w make
investments that should position us for
sales growth in the wireless and broad-
band markets™

On July 23 Anadigics announced
plans for a secondary offering of approx-
imately 3 million shares, to Faise capital
to fund future expansion. (For more on
Anadigics, see page 12.)

For the quarter ended June 30,
Celeritek reported revenues of $10.2 mil-
lion, approximately equal to the compa-
ny’s results for the same quarter in 1999,
The net loss narrowed to 828 million,
compared with a net loss of 33.5 million
for the year ago period, Orders from the
defense and radio/satellite product areas
were roughly equal, while the company:
semiconductor book-to-ball ratio was
more favorable,

Commenting on the results. Celeritek
president and CEQ Tamer Husseini said
“We are encouraged with the progress we
are making in the semiconductor busingss
and the interest many of our customers
are showing in fully mtegrated modules
for which we have the technology and
kevonw-haow, During the quarter we added
several new customers to reduce pur
dependence on o highly concentrated
radiodsatellite base”  He also added that
Celeritek stands to benefit from: the
growth of point-to-multipomt microwave
communicitions applications,

Conexant Systems reported rev-
enues of $380.3 million for the June quar-
ter, up 20% sequentially over the March
quarter. Net income inereased 2200 10
$24.4 million compured with the prior
quirter, In comparisan with the yvear-ngo
period, revenues were' up 37 %6 In the
year-ago peniod, the company incurred a
net loss of $33.4 million,

In other news, on July 15 Conexant
announced that it had won a contract from
Ericssan for GSM dual-band - power
amplifiers. See page 14.

RF Micro Deviees reported revenues
of 8620 million, an increase of 165%
over tevenues of $23.4 million for the
corresponding quarter in 1998 and an
increase of 1% aver the previous guar-
ter’s revenues of $36.5 million. The

second quarter. Revenues were $73
million, an increase of 58% over the
§46.1 million in revenue reported in the
year-aga period, and an increase of 9%
over revenues of $66.9 million reported in
the previous quarer. Net income was
5194 million, up 39.5% over the year-ago
period. and up 10.2% over the previous
quarter, Communications applications
accounted for represented X15% of
revene. The remainder came from its

mnerease wis due Iy to |
shipments from ihe s.mplinvxm.w GiaAs
HBT wafer fab in respanse to continsed
strong demand for RFICs in the wireless
handset market, Gross profit rose to 526 4
million, versus ST.8 million for the corre-
-.pvnmllng quarter in (998, and increased
23% sequentinlly over gross profit of
214 millwon for the March quarter. The
gross profit margin: mereased o 42.6%
from 37.9%: in the previous quarter: This
was due to a proportional increase in
Jower cost output from the Company’s
Gads HBT wafer fab facility.

David Norbury, president and CEQ
said that shipments to Nokia, REMDS
fargest customer, were once sgain al an
all-time high, although they did decrease
as a percentage of total sales. This was
due o the emergence of Motorola as
RFMD% second largest customer (in
terms of in hookings for the quarter).

IriQuint Semiconductor reported
that revenues for the second gquarter 1999
werea record $38. 1 million, resulting in a
37% ncrease over the S27.9 million in
the comparable period of [998. Net
income improved 116% 10 a record 54.3
million compared to §2.0 million report-
ed for the same guarter in 1998,

Vitesse Semiconductor reporied
record revenues and net income for the

Alpha Industries 2nd Quarter Revenue
£38.6 Million

Ceramic

Products

214

Wirglass

Application
“Bemiconducions
B2%

Specific Producis
1%

Anadigics 2nd Quarter Revenue
$30.5 Million
Wirgless
43%

Fibar Optics
23%

A I Test E [ATE]}
husiniss,

This was the |8th consecutive quarter
the Vitesse reported record revenues:
They also beat the consensus esfimates
for their earnings for the fifth straight
quarter. Good news for sharcholders, vou
might think. But no.  Vitesse shares
dropped almost S8 W S63 88 immediately
after the announcement, and they. have
subsequently sunk to around $60.

Why? Chris Bulkey, writing for
Ingtividual Investor Cnline, says that
investors “overreacted” woa number of
factors, He singled our three;

1. Growth in the ATE business is
flat, However, the company itself has
noted that this sector is likely 10 be less
dynamic than the communications side of
the busir In addition, it represents
less :hanl Yo of total sales,

Lucent’s switch-making operation
h...L\ rLLLntI\ accounted for approximately
2 of Vitesses revenues,  However,
Lucent recently outsourced most of this
activity 1o contract manufacturers such as
Solectron. But Bulkey notes that Vitesse
will not lose business” because of this
shifl, Rather, it has caused longer lead
times for Vitesse, However, Vitesse mun-
agement insists that these lead times will
narrow in the near future.

3 Investors may also be concerned
about an inerease in insider selling during
the month of June: But Bulkey said this
would be a matter of concern only if the
company subsequently tumed in disap-
pointing results — which did not happen,

Giiven the company’s solid funda-
mentals and experience munagement
team, Bulky concludes that the current
activity is an aberration, and that Vitesse
remains an attractive investment for the
long run,
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For rates and submission instructions for employment ads, cont

ct the editor ut

TEL [1] 978 927 9994; FAX [1] 978 927 9893 or e-mail: editori@compsem.com

Thomas Swan & Co Ltd.

If you have relevant experience and a desire 1o work for-s small dynamic organisation that is growing mpuﬂlf( then maybe Thomas
Swan Is the company for you, We are looking for individuals wia have the ability to achieve their potential,

-and shape the future of the company.

Thomas Swan Scientific Equipmint Division was founded in 1983 and is jocated in Cambridge in the United Kisadom. It is aoe of

systems, with its reputation forged by producing systems of ‘excellent refiability. and

for RELD app The the company {5 now facing s to provide high welume manufacturing MOCVE

systems based on |15 crost«:uuplcu showerhead concept. The introduction of the showerhesd chamber has opened up new

appottinitics #nd new markets geneniting £00 growth s revenues in each of the last two years. To meet the dermands of the
ESaIci F:i the USA and Poduct Develogment in the UK.

the leading manufacturers of MOCVD

market Thomas Swan has openings in botl
USA Sales Manager

Responsible for the setting vp and masagement of USA sales office and seovice center

‘Product and Process Development Scientist

We are looking to recrult an experienced scientist with an in-depth knowledge of the epitaal

Looking for a new challenge?

face new challenges

growth, I'uhr'icaliurl and chip design of GalN LEDS,  The individual will have responsinility for the
S e : ko i

with

Plesse serd us your spplications ineluding résume/CY to:

Hi
Emailindgerrird @ themasswan, oo,

e WAN
D Neil Gerrard "
Thomizs Swarn and Co Ltd,
Unit 1€, Button End
arston, Cambridge, CBZ GNX

A Aumerican ATAL Technodagy, aur commuitment ta innoviation, qualily
Iy de: .

and ta the ot g oy af fife. We are
ik lader I th i i i
serve as the basis for high pert; - h dligh
iting dicd Selepbores fations, Lome
Jofin pur teany and see wivar our future will mean fa yourst
SENIOR R&D ENGINEER
You are experienced in Silicon Carbide (SiC) bulk crystal growth with

wafer d a results-oriented attitude,
Advanced acaderic degrees are a plus, but 2+ years of industry
experience is preferred.
For superlative indvidus we offer comp pemsat anamay
i o an unimited g h Plemse
Forward your civer fetter, resume and i in confh 4

Director of Human Resources
g morican | 4281 Technology Drive
tal Fremont, CA 94538
echnology | FAX: (510) 438-4798
E-MAIL: hriaxt.com
Wi are ay Squal Oaparmanty Enpler

aotmitte . catturtly sverse workdorce
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FOFHIGH & N
0LOGY BEGINS HERE,

MTAL Technology, f dan, quatity
e T the abifity to bring our kdeas fo market are o way of iife. Weare
in the compond semi indiestry, and cur products
serve as tive basis for i i A d fight
itting dindes fo cefflar relep i i Come
Joim our team and see. what aur firture will mear fo yours!
TECHNICAL SALES MANAGER
Fou wil driving el i i the U5 and
P iy i h pable of developing product
qy alysi iow. You will possess
57 fence i pound semiconductor industry, p
In amaterials capacity, aid o 855 in Plysics, £, or a related fleld.
Proficiency in o second language is a plus,

Fow superiotive indivitvals we offer competitive compensation packages, an
vy of il e an ummited | o s pedential,

 your cower hetter, resume and saf i in
confidence fo:

Director of Human Resources
g7 | 4281 Technology Drive
hisd Fremant, CA 5 gzs
echnology | FAN:(510) 438-4798
E-MAIL: hrivaxt.com

We e an Bl Cppormunity Emphoger

commiitiegd ts o cubtarally divere wankfars l
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Freiberger
in alliance with the future
-
%,,Bo '

.~ Gallium Arsenide

substrates for micro and optoglectronics

Seminsulating LEC-GaAs 2"- 8" diameter

Semiconducting LECGahs 2" and 3" diameter

Bulk material with extrermely low residual impurity concentration
controlled carbon level and high uniformity of electrical parameters
One and double side polished wafers

Excellent surface guality for epitaxial growth processes

Laser marking option

Comprehensive crystal and wafer characterization

Buick order turn around

FREIBERGER COMPOUND MATERIALS GmbH
Am Junger Lowe Schacht 5, D-09599 Freiberg, Germany
Phone: (49) 37 31/28 04 80, Fax: (49) 37 31/28 01 06, Email; info@fcm-germany.com
hitp:/fwww.fem-germany.com

‘Wost-Eurnpe excent dnpan Kornn Repubile of Crone
2 Donaid J Oapo Kazuron Anzai i Han Jung Altert Hargy

D Eo Priudtommaas FREIBERGER COMPOUND  Pachngy Japco Seckyn Gommerne Co, Lid V-TEX Lo, Lid
MATERUALS LIEA L2 20 Fi. Shijuu Mesui Biog Eiackio Eidg. 4201 Hio. 205 K Tauk Ao
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World Beating III-V Custom Epitaxy
for a World of App]ications

Telecoms LDs [ LEDs ® * Gahs
Telecoms PINs | APDs © * AlGaAs
IR LDs / LEDs * * AlGalnAs
IR VCSELs * Y GaP
Visible Lasers * * GalnP
UHB Visible LEDs * * AlGalnP
Visible VCSELs * * InP
C-Doped HBT: * GalnAs
InP HBT: * * AlGalnAs
P-HEMT: * * GalnAsP
Solar Gells *

Large volume foundry, pilot production or R & D

Multiple 2, 3" and 4" capacity
.

vonr epbtaxy needs, however
charactersation date and ERLs workd leading MOVPE echnology, ensiting absolute quadiey and altimine oetssiency

sncling, BRI can deliver. High or bow velume, each waler is flly supporied by extensive

For maore information about the world's fovemos Costom Epitaxy service, contice Epigascal Products International nday I

Creating Profitable Business Partnerships

A member
of the
1QE ple Group

Errtaxiar Provvers Intennarionar Lo
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