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NEWS BRIEFS 

HP and Philips Expand 
LumiLeds Joint Venture 

Tim Whitaker 
Promoted to Editor 
& Compound 

onductor 

Tim Whitaker has been pro- 
moted 10 Edior of Compound 
Semiconductor. He has served ay 
the magacine’s Avistant Edior 
since Jamuary 198 Prior 10 
Joiing Conpaund Semicondc- 
Tor e was i the Elctonics 
Department of the Defense 
Evaluation and Research Agency 
(e former Roval Signaly and 
Radar Extablishmens, or RSRE) 
In Malyern, England. While ar 
DERA, Tim vorking in 1 epi 
ot andvs ar promored o 
o busines deslopment posiion 
T v i Ph . spiisy 
and precursor snibesi. from 

Marie Mever, who hay 
semed as e Bditor of 
Compound Semiconductor since 
it was founded in 1995, will con- 
feathe magazine’s 
Managing Eitor 

White LEDS willbe among the appl 
o falling under LumiLeds, which 
include_automotive Tighing, igh- 
brightness signaling, contour lighting 
and signs and illumination. 

Compond Semcndctr 861 Yy A 1999 

vt Packard_Compary and i mies s e Sined 4 o o ndr 
Saning 1o gty txand e o o 

The cxpindd busins il v, 

o of hahing. applicsions. This 
Inclde prous sy dveped 0 

o 14 gt o LEDY 

o o Ighig ot s e, lling phosphon P ad 
e e 19 dtion i wil lnd 

il s Lighing (s xpeied 1o o openionl it November 199 

B s il ity e 150 
i 1P e i mor 

Wb, asutne VP of Pilg 

o o 
Thecompany will el s e 

trate on specialized packiging applics- 
tions for LED products, These nclude s 
exteror indicators and Jamps. for the 
auomobile industry (such_as. HPS 
SuapLED and Firanha LEDs). Alsy 
included are packages for_ high-brigh- 
ness signaling. contour lightng and 
signs, achitetural lighting. ouidoor ill- 
mination, and white LEDs for both 
indoor and avtdoor applications. HP wil 
continue 1o make sandrd package LED. 
devices such 1 those used in s display 
products. 

LumiLeds" high-flux LED packages 
iy be among the frst new offeings 
fiom the expanded joit venture, The 
company recently announced. the. pre- 
masket infroduction of 4 new module tat 
uses 4 single, 30 lumen high-flux LED, 
The package contains driver cletronics 
and precision opics, which collimate the 
radition into 67 angle that prodces i 
outpt of around 1000 cd. Clusteing of 
these modules wil offer 2 broad sps: 
frum of future Fighting soluions, says 
Lumilds. A present these components 
exist only as samples and the company 
expects production in around o years 

Bil Sulvan, VP and general masg: 
erofits HP components group was pt- 
misticabout the fture ofthe general il 
mination. market, “Philips’ extensive 
Knowledge of ilumination design ond 
applications.and HP' success n produc 
ing exerrighter, more effcient LEDS 
will soon make solid-stte llumination 
partof our everyday fivs - much sooner 
than anyone would have believed possibe 
evena fow months sgo- 

Norihe Osbrnk, technical editor of 
HPScomponents group, said the decsion 
o reflects & nesd 10 inercase the joint 
venture’s presence i the llumination 
market “Whie this market moy sl be 

dd Osbrink, “two 
ihinking i terms 
Jopment of LEDs 
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NEWS BRIEFS 

980 nm Laser Manufacturer Spectracom Bought by ADC 

S s Vi e ke W b o lcad by A1 et 

S o Mol VN, Spactscom S ket O Ay e 

cash a losing with 1 possibl. additional 
broadband 

and componens 

Spectracom's 980 nm Stingray laser 
diode in bar-est form. 

45 million payable based on future tech- 
nology developments. 

“he acquiston pasiions ADC 10 be 
a major suppler of both passive and 
scive optical componenis nd modules o dam 
elecommusications original equipment 
manufacturers (OEMS), 
companenisare besoming rtcal (o miax- 
imizing available bundwidth within the 

president and gene 

“Spectracom’s exceptions] research and 
development capabilties provide us with 
leading-edge technology and products 
i can quiekly.establish ADC 18 an 
influental company n he optics market 
ADC has purchased wo other opical 
components companies in the 

ADC is clealy esiablishing el 
s workdwide Ieader n optcal modules 

excited 0 becom a part of ADC" 
5 s Colonbo.chman of he b of 

pectracom, Colombo i lso CEO of EPI 
N Pt Gro 

Spectracom manfactures 980 
InGaAs QW laser diodes from devie 
‘afers grown fn-house by MBE. In uder 
1o climinate caastrophic optical i 

(COMD), the lser fucst 
costed using 1 patent-pending “epianil 
imior on facet” technology. This allawy 
epitaial growth of single erystal mirrors 
ot il siuctures dieetly oo the aee 

says Lym Dovis,  facet, improving the quabty of the 
manager of ADCY  waseguide-mirror intefce and permi 

“hctve optical 

ting calculated. power densiies of over 
100 MW/en. Laser modsles ar curten- 
Iy undergoing testing and. quilifcation 
With w mumber of customers. ADC 
expects 0 ship product from its new sub- 
sidiary n he frs quarte of 200 

Tdusiry analysis hive estimated the 
four  size of the pump laser module market i 

1999 at more than $200 millon, growing 
1o more than 1 billion in 2002, New 

and. Spectracom (s DWDM and submarine nciwork deploye 
aid  ments. long-haul network expansions 

and the emergence of new high-speed 
servie providers re expected 1o fue s 
market 2 

ortel Networks and Lucent Technolugies bt recently 
] stmounecd bedroushe in fberoptic tchnoloey 

which il afow data transmission along  single iber 
ata ate of 16 Terabits (1012 bit) per secand. Thisis cnough 
capacity 10 Suppart 28 milion simuluncous Tnenet connec- 
tions. Nortel s system - alled OPera 16006 - multiplexes 160 
DWDM channels ach with a 10 Ghps capacity, while Lucen 
s gone for s 40 waxelenth x 40 G appraach. A& Nortel 
spokestman aid that these systems would provide “scalabl 
capacty 1 accommadate the explosion in Internet traff 
enabling e-commerce and e-service. applications, and 
‘multimedia (yoice, video, daa, grafics) ransmission.” 

“The OPTera 1600 system caries 160 wavelengths a1 
Gps each, for 3 otal capecity of 16 Tops" explains Alin 
Bourget, from Nortefs Opical Networks division. “This vas 
achieved using theabiliy of EDFAS o provide ain ot only in 
the conventional C-band (1530-1560 nm) but also in the 
extended L-band (1570-1600 nm). The effsctive wavelength 
spicin is 30 Gz Nortel plans 1o make the OPTera 600G 

Big Boys Reach 1.6 Terabits/second 

commernialy sailble n 2000, The company hs built 10 out 
of the fast 12 large optical networks  deployed in North 
America, s well as seven of the nine pan-European optical 
networks 

Lucent demonsiated  prototy 1,6 Thps sysiem over i 
transiissiondistance of 400 k. The optical amplifics spacing 
was 100 k, ather than the typcal distance of round N0 k. 
e 10 the wse of distebuted Raman ampiification 1 boost the 
EDFA performance, When the transmission fibe is pumped 
using @ 1455 n laser wit  very high optial poser (-1 W), 
the iber itself provides Raman g in ihe 1550 1 optical 
window: The system uses the C-band EDFA  ndow, while fur- 
ther increases n capucity are expected by also uiliing the 
longer vavelength L-band, A comman rule of thu says that 
a four-fold improvement in apicty.results in cuting service 
provider costs in alf? says Gery Buters, president of 
Lucent opical networking group. “We expect this 10 apply 10 
40 Gbps channels, making this ransmisson rle e most cos 
effctve format for the fture 
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oped in 1979, referred 0 s Buliga’s g and cieuits for apical communication 
1990 antme Medal S on il s s e 
e IEEE as awarded the Lamme  ance of power-FETS would be o factor of » Byoung Yoon Kim, Korea Adsanced 

I Medal 10 B, Jayant Baliga. The 2000 times greater if St were 0 be  Insttute of Science and Technology. 

Cndatr eomlont whoh v tad OSA Bestows 1999 it komnor taon Fetmogis, 
systems” Baliga is the Distinguished Fellow Awards ‘high-capacity optical fiber communica- 

director of the Power Semiconductor (0SA), 8 Wishingion based socie-  + Stephen G, Bishop, Universiy of 
Rescarch Center, an industry consorfum 1y represening the intrests of the  inos 1 Urana.Champign, 1L optical 
e founded in 1991 based ai North  optcs and phoonics community,recently  properties of crystalline and amorphous. 
Caroins Sate Universit, Reigh (NC).  besowed the honor o fllow on the fol- — optoeeetronie maerials and devices, 

Prior 0 his e spent 14 yearsat the  lowing OSA members fo their contribu- + Joe C. Camphell, Uniersity of Texas, 
Genera Flecirc Corporation Rescarch tions . the. compound. semiconductor  Austin. TX: development of high-specd 
Laborstry, where he devloped the ins- ~ fiek: photodetectos 
lated gate bipolar tansisor. This is o » Gregory J. Salamo, Universty of  » Peter J. Delfyet, Jr, Universiy of 
widely-produceddevice used in maty  Arkansas, AR phoorefractive nonlinear  Cental Florda, Orlando, FL: compact, 
electroncs applications, most otably in  optes and also major coniributions ©  ulra-shortpulse diode lasers for high 
the recent developmen. of defibrlltors  optcs escarch and education inthe stae  dab-rate communicaions ysiems, 

Professor of Electrical Engincering and Tm Optical Sociery of America o 

for cudise artest vitims. of Arkansas. * Len Goldberg. Naval Research 
Along with numerous other aords = Osamu Wada, FESTA lsboraories,  Laboratory, Washingion, DC: high-pavier 

and distinctons, an cquation he devel-  Ibarak. Jopan: optoclctronis. devices  semiconductr ssers. 

Compound Semcondostor 461 ly Augst 1999
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TRW To Supply InP ICs to CSIRO 

i ich 1 ot SAOBO0. TR il T CSIRG. 
03 01 m  HENT technlops The o g lon 

TRV P oy sl s Ron Sandan depy 
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Atlanta Homes Get Fiber 

o anta i set 0 besome the first US eiy 1 get iber-tothe- 
Anm (FTTH) services providing features such as high 

speed Interet sccess (up 10 100 Mbps), 120 channelsof 
video entertainment, 70 chamnels of analog video and 3 chan 
nels of CD-guality digital audio. Bel South plans o begin nsile 
Iation ofthe passive aptcal neowork (PON), developed by Lueent 
and OKi, lat his year. FTTH offers users extremely high speed 
and bandwidth compared 10 alterntives such as sDSL and cabe 
modems, although the cost of insaling nevw fibe is consde 
abl, particuliry in residental areas. FTTH applications will 
prove 0 be. majordrving foree for the dexclopment offow cos 
Tasers and other optcal companents 

Lucent Leads 10 Gbps Suppliers 

seents Miucletonics o rcenty mmounced ht 

s 510 Gops ysems workwide. The highspial 
components, including clectroabsorpiion-modulated lsers 
(EMLS). lihium niobate modulators and photodetectors, have 
been installd n long-haul and undersea fiber-optic networks 
worldwide. RHK. a market rescarch firm. predicts that the 10 
Gbps component market will be worth $80 million in 1999, and 
has a current annual growth ate of over 1007 



NITRIDE NEWS 

First SiC Microwave Power Product 
from Cree 

e Rescarch has annownced the intoducton of th first 
‘ " funily of SIC RF pover transstor products, The 

CRE-20010, designed for the drver stage of wicless 
base sation amplifiers, s 2 48\, 10W high-lincariy ransistor 
with 12 B of gain a 2 Gz The CRF-20010 has pissed iital 
product rliabilty estsand Cree antcipates delvery of samples 
e the et three months. 

Seat Selwab. dirstor of strategic accouns, said that the 
device is based on is proprietary SIC MESFET technology 
“This frst product isa 10 W class A drive. and i the next 9 o 
12 months we expeet 1o produce further drivers with output 
pawers up (0 30 W, We will alo inroduce desices for the out- 
put pouer stages” says Schwab, “These will be MESFETtype. 
class AB power ampliiers vailble in 30, 60 and 120V ver- 

One of the i advantages of the Cree device is tha the 
povier supply requites o conversion and can be used dircely 
Wilh Gas MESFETs and with S LDMOS devices, the power 
supplics have to be down-converted o 28 . “The SIC deviceis 
designed 0 operate at 48V, eliminating the DC-10-DC convert- 
er required by silicon und GaAs techrologies,” savs Schwab. 
“The higher yoltage used by the device s  résult of the thermal 
conductivty of SIC, which is more than twice tha for silicon 
and GiaAs, he explains. “The mateialcan operat at mch high- 
er vollages and powers, while dissiparing much more heat 

Coherent Introduces Blue Laser 
Diode Module 

Cumm Auburn Group (Auburm, CA) has announced the 
neoduction of  laser diode module bused on N 
Chemicl’ blue viletemiting laser diode. The module, 

which featurs delivery opics tha can produce  focused spat. 
Jine ar collimated beam with a wavelength of 405 i, delivers 
typical output of 4 mW i single mode CW operaton, 

While not the firs use of Nichins bl laser diodes [see 
(CS5(4), .10, Coherents module could find application in bio- 
medical instrumentaton, (uorescence microscopy, priting, pho- 
tocopying,optieal storge and spectroscopy. According 10 
Keting manager David Clatk, the company s alo custently 
developing a thermoelectically-cooled versin, When cooled 10 
20°C, the typical ifetime s guaranieed o b around 1.000 hours, 

With 1 price ofjust under $5.000 for | 0 9 unis, Coherent 
will be concentrating on customerspecific applicaions rather 
than high-volume applications such s DVD printng or photo- 
copying. which are likely contenders for farge fuure markets, 
“We have 4 niche market supplying labortories nd nstrumen: 
ation companies that wish 1o buy  light source that can be 
insertd into hei nstrument ut & partcular output” says Clark. 

According 10 Clark, the new laser will compete with air- 
coaledargon fon aser, “The advantages of he Coherent module 
are the reduced package size and shorter wavelength - 405 nm 
versus 458 o, Eventually the Coherent iser should alo be 
more compeitively priced” b says 
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NITRIDE NEWS 

Room Temperature InGaN Quantum Dot Laser 

o the frst tme, & device sructurecontaining InGaN quan- 
um dots embedded i the active Tyer has exhibied lser 
opertion under optical exciation at room temperatut. 

Previousy,stimulated emision has heen observed but a lasing 
aseillation has not been achieved. A recent paper from the 
Universities of Tokyo. (1apan) and Warzburg (Germany)*. 
teporis a clear asin threshold ot & pump enerey of 6.0 
Wil emission strongly polarized sbove theshold i the trans- 
serse emission (TE) mode. The linewidih was reduced 10 less 
than the resolution limit of 0.1 . 

“The device liyers were grown by MOCVD) o sapphire sub- 
straes and comprised AluyrGagiN cladding faers and GaN 
‘waveguide layers surrounding the active region. The lter con 
tained 10 periods o IngxGansN quantum dots sad 5 nm 
IndGaauN spacers. An AFPM image of dayer stacked 
Tng2GanN quantum dots grown under the same conditions 
showed he average diameter and height o the QDs was 19.3 
and 4.5 nm respectively,and the QD density was 6x107/cm? per 
Tayer (s igure) 

“The cavity, which was ot facet-conted, was 540 ym long 
‘and 10 um wide. The device was excited with a dye laser 3t 367 
. While clear asing action was observed above threshold. the 

AR mage of & Haver stack of TnsxGanN quantun dos 
b o o st s Tt gt 
dameter and widdh of the QD s 19.5 nm and 4.5 wm, resec. 

ouput was muli-mode due o emission from sates withdifer 
ent nergies becausc of the size and indium fluctuations in the 
uaGiasN QDS. The emisson wavclength was around 406 o 
K Tachibana e ol 

Pust-Deadline Paper. 
vantun Elec. Laser Sci, (OFLS) 1999, 

New Project to ‘Force’ Impurities from GaN and SiC 

§rome 10 e s el 0 Pty S 0 Calk il Tttt Rbom s 0 P for o 
mtho, ol Geveoped s Missor-Coymbia, v s dopans it damond. i, o ke he o 

1 Nt e s S e apl o i 
OB i o 
Forced Diffusion 

I fored diffsion,the eequired impurty source s placed on 
the target material. Heat s then applied (0 ionize the dopant 
atoms, and 4 high voltage applied to drive these fonized 
impurities into_the laitice structure, The material_is 
simuliancously photon-bombarded with 3 aser, which further 
increases the number of s and the svailble encrgy for the ons 
o diffse o intersital sites. The laser increases the lifetme of 
the impurities in the solid substantilly, allowing grester 
diffusion depts 

Photon borburdiment is what distinguishes forced diffusion 
from existing fechniques that use only heat and electric filds, 
according o Prelas. “Methods that don't use. photon 
bombardment are suffcient for smaller bandgap materials” e 
10 Compound Semicsadctor $6) uly Augst 1999 

says “However, forced difision maks it possible o use mch 
lower temperatires than typically used in standard diffusion 
processes” This widens the processing window for heat 
ireatment by svoiding imitsimposed by mateial phase changes 

I order Lo remove mpuritcs from GaN and SIC, the 
technique will explot the same enbanced diffusion phenomenon, 
“Impurities that are already present are ionized, and with the 
enhanced ion lftime that occurs in the photon flux fiel,their 
numbers can be reduced very effctively” Prelas explain. I 
previous work an diamond. the cffcetive difl rate was 
dramatically increased wsing forced. diffusion. Exirapolating 
from this resull, Prelas expects reductions in impurity 
concentrations of wo orders of magnitude in GaN and SIC, 
‘which could have important consecguences fo the conceniration 
of extended defects n these materal. 

The use of a lase as the photon source als llows spatia 
controlof doping pofies, “One can vy effetively pattern with 
the faser, and the enhanced [impurity] drif il oceur along the 
s lncs. This provides eat contral over where the fons dif 
and hence he doping profile” says Prls, 

Inerestingly.the technique has lso made possible - and p 
type doping in diamond. a material that has many desirble 
propertcs forelectronic appliations [CS 5(5). . 26]. Previously 
only petype doping has been possible, but forced dif 

r 
field. This allows the fabricaion of electronic devices fom 
diamond flms. Rhombie says t hes already produced integrated 
type s, and s imminent plans o introduce diamond diodes 
and sitches 
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GaAs ICs - NEWS 

Anadigics Moves Into GaAs HBTs and Silicon 

ke Anadigies” -inch fab sppears on course (0 begin 
sM prodicton in the tird quarier of 1999°, the company 

s ansounced tht it s working with two foundiies 10 
access new processes, A new agrcement with Global 
Communication Semiconductors (GCS) of Torrance, CA will 
provide Anadigies wih open foundry servie for HBT wrs 
Meanwhi, Anadigie has launched it first silicon RF product, 
2 CMOS dual-frequency synthesizer for CATY, which is manu: 
factured by a major Tawanese foundry. 

GaAs HBTs 

The sgreement with GCS is 4 crucial part of Anadigies 
strtegy 10 ctablish s GaAs WBT product ine by the end of this 
vear, in order 10 supply 3 V HB-hased pover amplifers for 
‘wircess handsets, At presen,all of Anadigies” poer amplifcrs 
e MESFEFbased: nd its major customer for these products is 
Ericsson. However, other handset manufacturers such as Nokia 
and Qusleomm appear {0 have  clear preference for HETS. 

I order to accelerae the te o market for HBT product, 
Andiics isdeveloping inernal HBT capabiltes while enabling 
immediste capucity through GCS, & provides of open foundry 
services located in Torrance, CA. Under the non-exclusiv, long- 
term purchase aateement, GCS willprovide Anadigics with fully 
processed -inch GaAs HBT wafers, with all prodicts designed 
and 100% tested at the Auadigics fcilty in Warren. NJ. 
“Anadiges plans o have intemal HBT capability in the first half 
o 2000 comments Charles Husang, VP and chief technical o 
cer at Andigics,"Once we have fully established HBT capabili 
1y on our tinch lne, GCS will become a reliabl, high-quality 

cond source for our HBT products”™ 

6-Inch Advantage 
Anadigies and Infineon (formerly Siemens) are currently 

vying t see which willcaim th honor o having the irst -inch 
analog GaAs fub, following last year's bpening by Vitesse of it 
einch digital fne. Both Anadigies and Infincon will ventually 

run al hree major GaAs processes - 

Anadigics’ Process Development Time 
MESFET, PHEMT and HBT - on 
their respective lines. Anadigics is 
currently shipping qualification sam- 

Power Amplifiers 
Cable & Broodcast 
Switches 
Fiber Products (TAs) 

ples, and i on arget for production in 
the third quarer of 1999°. according 
1o President and CEO Barni Basiani 
“We have already run every major 
product on the 6-nch lne.” he says 
“Yields are s high or igher than the 
-inch ine. Our pan i to move com- 
pltely o the Geinch lne, and close 
down he 4-inch line by Scptember or 
October of this year™ Bastani sdded 
tha the new fab is capable of generst 
ing around $500 millon in revenue. 

Silicon for CATY 
Y GomwesEr 

i another move: to broaden s 
product range, Anadigics has inmy- 

998 999 2000 duced s fin silicon device, o dual 
frequency symhesizer for CATY Ao the products fubricated using Anadigicy” Gats MESFET process ares PAs for 

wireless andsets, componens for the cable and broadcast indusry (e, line anps, 
reverse amps and up- and. down-converters), transimpedance amplifiers (T1As)for fier. 
optic applications and a new ine of swtches, also for hundses. The PHEMT process is 
sed for TEAS and will be used for second-generation switches, Use of an external St 
oundry allows Anadiies 0 develop new RE products,initally for the cable and hrou- 
cast market. The G-inch fub is expected to be a grear source of compettive advantage 
when it begins production laer his year,* Anadigics will ntroduce GaAs HBT producs 
Jor handset PAs, initially through it agreement with GCS, and then through is nernal 
tinch HBT process. 

applicatons. The device is desigaad 
and tesed by Anadigics and mam 
factured by the Taiwan Semiconducor 
Manufacturing Company Lid (TSMC) 

99 madiis 
1 Shipens fron 

A the o o ik 
i 



Gas ICs - NEWS 

casyo-use soluion we chose & CMOS 
prosess, whereas most dual-synthesizer 
soluions for tner applications use » 
BICMOS process.” The part s de 
for cable modem, set-op bos, TV, and 

et applicatons 
Anadigics s aleady o lading suppler of 
GaAs MESFET ICs, includin 
amplifiers,reverse amplifiesand up-and 
dowconverter,for thecablend broad- 

cable telephony 

B st industry 

tnadigis"first silicon device, « CMOS 
duafrequincy synthesier 

in Taan 
prvducts broadens our product portoli 
and provides new opportunitiesinthe RF 
communicarions mikets” says Ron 
Michels, VP Cable & Broadesst segment 
To provide i ow-cost ighly negrated. — por 

“The development of silicon 

Wireless Handset Switches 

In the absence of universil wireless 
sandards or opersting frequencis, sub- 
scribers contine o demand muli-hund 
and mult-mode handsets. For exampl, 
Ericson recenty launched the KETRS 
handset i dus-band.tri-mode phone sup- 

analog and digial cellufar s well 

a5 PCS systems i he US, The phone e 
tures a single PA suppled by Anadigics 
‘which combines the functonality of two 

crs into  single, space-saing 

Such handsets roquine switches 10 
conver from ane mode o band 0 anoth- 

line er, und Anadigies has ulso amounced a 
new Gas switch 1€ product line. At 
present, the major supliers of Gads 
switchesfor handses are Alpha and M/A- 
COM. Anadigis hopes 10 levrage the 
new 6-inch fa 0 enable delivery oflow 
cost devices with short ead times. The 
new devices are MESFEThased. while 
the next generation of switches wil use 
the PHEMT process, The single-pole 
double-trow (SPDT) reflctive swithes 
aperse from DC 103 Gl 3 ndsceept 13 
105V DC supply vliages whil offr- 

o e consumption. 

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

Iph Indusries has received production orders for GaAs 
RFICs and diseete componerts for & next- generation 

Motorols duak-mode wirless st that wil oersi on both 
DEN and GSM networks This versile ne handse, which will 
e usable in mare than 130 countris and which is expecied 1o 
veach the marker ater his year, il festre it aceess cop- 
bilty in-a package that weighs only 6 ounces. “Alpha willhave 
four high-performance GaAs R ICs in cach handset, 3 mean 

ingfuldollarcontent”says David Fryklund. Alpha' bsiness uti 
direto fo RFIC products, 

Nitosolas iDEN integrated digital commurication technol- 
combine the fnctions of digital phone, u-way adio and 

pager with Intermet browser, emii, fax and tvo-vay messaging 
capablities The new handsctcamalso serve s a wiclss modem 
‘when comected 0 notehook compute o personal diial i 
ant (PDA) 

obal 
Communication 
Semlconduetors, Inc. 

Providing Compound Semiconductor 
‘Foundry Services to the Telecommunication 

and Optoelectronic Industries 

Our High Volume Wafer Manufacturing Exportise 
Solutions For. Provides Cost Effective Foundry S 

BT * Backside Vias 
PHEMT  + Optockectronies 
MESFET  + Epitavial Materlals 

Global Communication Semiconductors, Inc. 
20155 Kushiwa Court.~ Tel: 310-30-7274 
Torrnee, CA 90505 Fax: 310-530.9270 

il info@gesingorp.com ‘Web Site. i pesincorp.com 
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Hittite and UMS Announce “TriQuint Partners with Conexant, Anadigics Supply 
Mm-wave Agreement 
e Miromae Comorsion 14C) 

and United Monolithic. Semicor 

RF Solutions PAs 10 Ericsson 

anounced that they. areshipping 
dul-band PAS 10 Ericsson 

wase products uiilizing MMIC die  Gads foundry busines, TrQuint fhas  Conexant’ digital cellular PAY us e 
fabricated by UMS and packiged using  partnered. with RE. Solutons. TQuint  compeny’s GaAs HBT process o increse 
HMCs recently iniroduced surfsce mount il move RE Soluions” designs into.  talk and standby times. The GSM dual 
ball grd array (SMT BGA) technology.  production 
The new products will address pointto-  manufaciuring; asserbly, and testing st | 

provide wafer  band PA s packaged in ane of Conexanty 
iite-based. muli-<hip modie 

point and. paini-to-multipoint wircless services, RF Solutions has RFIC design  (MCM) specifically developed for wire- 
Systemis (e0 LMDS), very small sperture  experience in GaAs MESFET, HEMT, less applications. This technology allons 
terminals(VSAT), and LEOM 
saellie telecom spplications, and th 

technology onto higt 

HBT, and SEBICMOS prosesses. “RF 
Solutions has excellent experience n the all PA circuitry into a singl, small form- 

Wil complement the current MMIC  area oftelecommnications IC design for  factor packi 
standard productofferings of hoth  various.wircess 
compunies. Millimeter wave radio  W-CDMA, 
designers will now be sble to casily  WLAN, combined with soid connections  mobile phones, T 
implement  advanced MMIC BGA 1o Cieorgia Tech. They will offer sirng 

volume saldet  support fo our customers secking custom  both GSM 90 and GSM 150 operation 

applications including The Anadigics MESFETbused A 
Bluctooth, LMDS and il be used n b son Teclas dual-band 

dual-band PAY 
patented. single-chain_design provides 

reflow PCB assemblics. GaAs IC soluions in the Southeastern hershy reducing size and cost hrough 
US? suys Bruce Foumnier, VP of  inicgration The PA i housed in an SSOP 
TriQuint foundry servicasdivsion. 16 packisge. which measures less than § 

 The Lighter Side of Fabrication 

14 Compond Serisondicr 56 July At 190 

i by 3 

Alpha buys ASML Lithography Stepper 
pha Tndusties s ordered 4 PAS 500100 i-ine ithograpky 
stpper from AMSL for use i the proxucton of Gas ICs for 

‘wirless communications, With headgquartrs near eldhoen, The 
Nethertands, ASMIL i the workd's second largest. supplir of safet 
steppers and stepind:scan systems. ASMLY special applications 
division vas launched st year totrget GaAs mamuficurers nd he 
Alpha system will be one of several instaled o leading GaAs con 
parics, including Sanders. The PAS 5500/100 is 4 high-throughput 
versiile -ine stepper for manufacturing design rules down 10 040 
Jum with opinvum depth of focus and esolution for ertical process 
layers. 

KDF Acquires PVD Batch System Business 
DF Electronic & Vacuum Services, fne. (Orangeburg, NY) has 
bought several-bateh in-ine sputie and cich system product 

fnes from Tokyo Elctron Limited (TEL). KDF has been mamfe 
turing TELS batch PV systems for several years, as well as seling 
undet it own name. TEL originlly sequired the batch productfnes 
fiom Sony MRC. The GaAs industry remains a nic 
KDE' batch infine-sputtring touls, although i is one 10 which th 
KDF batch system ispariculrly suit. accord 
direcor of iles and marketing. “The bt 
wafer handling. and can casily aceommodate differnt vafer sizes 
even broken valer fments.” says Plaisied. “Processing can b ca 
A out at relatvely Tow temperatures, and batch systems cost 
around halfa million dollars, compared & several millions for soe 
cluser ool 
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New Facilities and Reorganization at RF Micro Devices 

test fcilty and 3 mulichip module assembiyfacil 
MDY inch HBT Tt 

nhouseinCedat— New HBT Process Tin s o be ncreasd. Coupled witha 
Rapids. lovs and 3 faeaching i 
epresent sigificant chan 

REMD supples RE 
ke, withsrod 907 

(RFMD)  MESFET pricess cee 
and Si BICMOS 

< MBE:fcility i the sl a hgely expanded 

REMD s plan 

The World’s Largest MBE Fac 

s wih 
1 the Si BICMOS proces, (0 aces 

S and 

4 through TriQuint, and IBATS SiG 
s, AL the st of this year, REMD 

W, which already included 
o IBAFS SiCie 

it un adunced HBT process, 
e this year In addiion to high gain, 
i il offer added design Nexibily and 

idehnd CDVA'(W-CDMA) 

productsae now shipped concurre On June 7. RF Micto Devices announe 
tial performiance, AS el ncrasing capcity end llowigan  company’s 45,000 square et Epi Marufact 
expansion o the RFAD customer base, the s (b hos signi. Greenshors, NC. The center is dedicated 1o the pr 
feanty reduced desien cyele times. The orginl CiaAs HEBT civafer by MBE, and will hae a capaety of sev 

und REMD 
S0.000-inch wafers per yar 

Although 1 major adior: 
poley i calls Optmu Tl 

e Spimns et e Yot v, 
ers choose between the ternal GaAs 1IBT process, o Gads  epi iy will 

[E—— 

ARES~LEDs 

Propritary 
aper high exiraction fTcency 

AllnGaP & AlGsAs LEDs on Gk 
Nouse o Wafer Bondin 

Ga waters 
Thin Epileyers 

s ey proven o0 
w plans a finear ramp 10 o ull capucty of ing it the fugest 

mid-2 1, VP o wafer fbricat 
of HETS, REMD sctally s 

Maiching - mtching 
it the customers applicaton in order 

1D design The e 

Geish 

NOVA FLARES~ LEDs 

LA . 
EvaLution Pricrs... 
Sample LED-chips available st 
et ices 43500 b i 
(hip size: 1000 LED dies) 

bushariaceysabicom 

o undred thousand wafrs per year 
MBE fucily in the 

those RMD currnly hss nder contsct, 

1. mulivafer MBE sy 

of RFMD' cxisting MRE resctors 1o the new 
c additional space i the company’s fuh o 

Example Unpackaged Dic Beightness® 
0SR** 6.5 Lumer 
s 

Nova 2105k 01 
Nova 2025R*** 10 Lumens/Wats 

ot 11 6 Nova Crystas, fn 
Wirown Rowd 
Mhaca, NY 14850 



liow for the plamid imcerase i producticn czpacity. The 
‘cester will house s MBE seacioe .2 separaie oo with 
vl coviroemmcotal comtrols. | i designed fo round- 
the-clock operstion. 204 the company reports that several 
MBE systcsms e nom in o5 

encapsalation, 
singalation and marking MCMS combine the chip and sup- 
poring circutry, inclading passive componcnts, 1o an 
tegrated modular package, which dramatically redoces 
the external parts required inthe customer's application cir- 
cuit This increased fevel of vertical integration will allow 
RFMD 10 supply casiomers with more compiete RF solu- 
tions. The company has also completed 3 mave fo an 
‘expanded test floor which more than Inples the output of 
tested parts 

A new SO0 squire foot design center has been 
opened in Cedar Rapids, fowa, 1 house 2 tam of semior 
level RF engincers and technicians designing high-<fTicien- 
¥ linear PAs and other RFICs fo be used in celfular and 
PCS telephones. The design centes will conain cnginecring 
offices, fabs and CAD equipment, while production of the 
RFIC il be Gone in the RFMD GaAs HBT foundry. This 
‘announcement follows the opening in April of REMD's 
first design centern Scorts Valley, CA. “Our goal is 0 have: 
many geographically diverse cogincering design cemiers 
across the US and around the world” says Willam Prar, 
RFMD chairman and chief techical offcer, 

Chinese Fixed Wireless Customer 

REMD has received: orders fom s first major cus- 
tomer in Chins. Beijing Xinweit Telecom Technology Co,, 
10 supply components for  new fixed wireless phone sys- 
tfem. The CDMA-based aetwork will consist of 3 hase sta- 
tion with a wireless conection 0.2 single fixd erminal or 
‘handset and a wire-ine connection  the phone network. 
When fully operationa, the broodband system wil delver 
vorce, fu and low bitrate data service. Advanced versions 
Of this system will allow customers 1o access the fixed 
‘witeless network inside the home, and the cellular network 
outside the bome. both from & single handset. Beijing 
Xinweit Telecom has forecasted salos of between 300,000 
10/400,000 unis during the firtyear, with solume increas- 
mg 10 over | million units per year. “RFMD has idemtificd 
fied wineles technology s a eading strategy for delvery 
of hasic and_ expanded phone service 1o developing 
nations” says Jerry Neal, VP of saes and marketing 
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I P I MBE Products 
Group 

High Performance Components 
To Make the Most of Your MBE System 

For over a docade, EP! has led the MBE industry i offering innovative 
designs and breakihrough technologies specifically to enhance and 
optimize the performance of new and exisling MBE systems. Ongoing 
development programs continually enhance existing products as well 
as create new products fo meet the increasing demands of the 
‘compound semiconductor research and production marketplace. 
Since each element has unique evaporation charateristics, EPI 
designs effusion cells, crackers, and valved crackers thal are 
gpecical talored to optmize the performance of any MBE system. 
Examples of EPI's technological advancements include 

uSsUmMo™ 

“This novel approach to effusion coll design enhances materialqually 
by reducing Ga related oval Gefects whil ncreasing useful Capaciy Which allows USers (& maximize system up-ime: 

= UNI-Bulb™ 
The leak fee,one-piece PBN bulb, i conunclion wi . 
water Cooled coaxial RF coil, providas e m F source 
I Firogan avatati todsy. Freviocs pioblam assocaiad win fow 

Growth ates in MBE have been addressed wil demonsirated results of 1.0 pmin. 

 Valved Crackers 
Installed in the most reputable universiies, research labs, and 
production ep! aciiies workdwide and are considere 1o be the 
ncusiry standard. Vaive crackers are ulizad by users who need 
recise group V control In he demanding area of GainASP 

quaterrary growl. In addion, users benefi from the ease of albration and farge usell capaciy, 

 Corrosive Series Valved Cracker 
Spacifclly desianed for orrosive slements such as antimony and {afarium: T novel PBN snichi and valve mechanam ha aroven 
10 provide ho capabiiios (0 Grow complex sIGIUreS hot reviously poseble with conventonal sources 

Plsase conactEPIocdiscuss yourgrowth and depositon needs o vl 
EPI's web site al www.of 

en EpiEucpe 
au costalston Drve 147 Chovey NowRoad_ Vieleen Japan Company L 
SLPMSST USA ool BoeaLesae 13163 s 

51)4820800  Grestor Manchaster, UK Hiachinara fbaraki 312 
P (5ot o000 TEL (saarr0s 000300 Japan 
Emal nioapmbe com  FAX (vid) 1 200665460 TEL (181)20.272.8161 

uropespimbe com FAX (+81) 20,272 
Emai Vol @it 16 



MATERIALS AND EQUIPMENT 

Thomas Swan Announces Reactor Sales, 
Collaboration 

homas Swan has_ received an order from LandMark 
Optoclectronics in Taiwan for the largest verion f0 dat of 

1 cloe coupledshowehend (CCS) el e grv, of 
capacity of 12-18 2-nch 

of sandard machins 

T Europe, he compiny has just delivered 4.3 2° GaN sys- 
tem f0 the Univesity of Bremen in Germany and i lso sbout to 
deliver  simila GiN system 10 he University of Sheffild, UK. 

Thonas Swan has also amnounced that it will collaborste 
with the Univensity of Cambrde, UK in a major program to 
devclop the growth of GaN-based matecials by MOCVD. The 
company will donate 6 x 2 reacor 0 the University for use in 
& 3ovear program funded by the UK's Engincering and Physical 
Seiences Rescarch Council (EPSRC) Researchers will study the 

wdamentals of growth and the tlationship betwee siructurl 
defects and optcal and elctrical properties, and wil lso fibri 
cate GaN-based electronic and photonie devices 

EPITAXIAL WAFERS 
Epitaxial 
Technologies offer 
standard and highly 
challenging epitaxial 
layers on Gads, InP 
GaSh, InSb 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 & Sb-based QWIPs 

Optoelectronics. 

+ VCSELS, MSM, PD & APD 

Advanced Device Technologies 
+ InP- & Sb-based FET, HEMT. HBT & RTD 

e ol 410:455-5504 
Q,,(,,\,,{ e Fox 4104555505 

1450 S04 Rollng o, Balimore, D 21227 
Helping You Grow Your Business! 

5 Compount Semcondtor ()l Avist 1099 

Rohm and Haas Buys Morton 
orton Inermationl, the parent company of the Morun 
Mealorganics business group. 4 leading suppler of 

MOVPE grovih precursor materials. has been acquired by Rohm 
and Haas Company, This crates s $6.5 hillon specialty chenie 
cal company with 130 manuficturing and rescarch sts in 2§ 
countries, nd spproximately 23.000 eoployees. 

“The metalorganics business will now onerste as Rohm and 
Hiaas Metalorganics, “Out new manufacturing fucilty in N 
Andover, MA, fas been operational 
since Match 1999, providing s with a 
sizeable inereas in capacity and 
improved anaytical qualty control.’ 
says Metalorganics market. manager 
Bob Stemick. “We have aleady - 
ated 3 opid iegration o the new 
Robm and Hass organizaton, and the 
combined company will ffr s braad- 
er and improved product fne, backed 
wilh extrmely srong technology, ser 
viee and researeh capabiliies 

ROHM 
tHAARS 

AXT to Mine Chinese Germanium 

A tan Xl Tsholgy . (AXT) s nerd o 
yreement with Nanjing CGermsatium snd Inn 

Mining to i 
agreement supplements AXTS 
AXT th right to purchase refincd G 
competitye prices, Ge subire 
Of 1 solr cels, The venture I 
tons of G in the fistyear of operation ind ive fons in the see= 
ond year The mine hasan esimated 1600 o1 of Ge, o appms- 
imately 30% of Ching’ total known reserves. AXT recenly 
announced that i is buiding a new Facltyin Beljingto grow G 
substrates by the VGF method. The company has aiso signed 
one-year supply contact with Spectolah, a leading solar cell 
manufacturr. The new ventune is scen s way 1o furthor conirl 
cout n hisprice-semsitive, ow margin market 

rom the joint veature at 
dely used in the growth 

un estimatod two 

In Brief 

Union Carbide’s rysta procicrs 
pliers of sapplie substrtes for GaN 

one af the leading s 
rowth, has been sold 1 

Bicron, part of the French industin canglomerate Saint-Gobain 
The Washougal, WA-based unit i now known s Bicron Crostal 
Products and has 100 employees and sl sles o aeound $12 
millon, 

CVC. & supplie of depositon cquipment for the fabrcation of 
cads for the dat 
xion cluster 101 

semicondactor 1C and thin fim record 
storage indusiy, has shipped its 100th Cor 
system 10 feading Japancse elecronics maufacturer 



MATERIALS AND EQUPVENT 

Promecome Electronies has launched o 
e of s ONS MBEgo inots More Reactor Sales 
o sphimitr conco o s hn 1 b, | Avran s amounced sfso s mamber o ATX 20 s MOCVD rctors 

Monipeler I ha purchised s st o growth o AIGN-bsed s 
L MBE Prodicts Group b cysnddis | o s o appliaons. A e il e sl 
burn-incapacity o increase the Universty of Bath, England. 45 part of a collaboration with Arimi 
i e Optoclecconic Corp.of Tawan that targets the development of processes for 
ing o new, argermanuToctuing factlity | s production of blus and green LEDS, 
year ago, EPL as added new bum-in cham- 
ers which have doubled cell throughput in | Emeore secently annunced the sale of nin additional “SpectraBluc® GaN 
production and increased troughput in ser- | production MOVPE reactors, bringing the company’s ol number of GaN 
v by four tmes, EPI has alsa further nte- | systemssold 0 dae 10 31, “Fiveof Emcate’s GaN system eusiomersrpresent 
grted its own Molly control software inothe | multple orders, and one. customer has clesen Spectralue systems” says 
urnin and est procedure Reuben Richards, Emcare’s Prsident and CEQ. 

Water Technology L. has added 1o its | Eplgress will delver o VPSOS “Hot-Wall Siicon Carbide CVD systems fo 
ange of GaAs subsates grown by the veri- | customers in Japan. One is an industial conglomerse and the oher  nation- 
calgradint frecze (VGF)kshiniue by offr- | al rescarch and. development ittt patieipating in the mational ‘Hand 
g 3-inch (15 mm) siicon-doped and | Eletrones’ IC projct. Baih sysiems will b designed 1 enable th user to 
undoped VGF GaAs fr laser, LED and elc- | produse homogenous,ula pure and thick o thin epiaxil lyers, 
ironics applicatons 

N 
mm.u is Essential to Growth: 

|| ‘whether it’s kids or wafers. 

ducing EMCORE's y Laser Diode 
T st oo 0 cas 0 i custcmess i . 
contol o the waer (emperstte g epiaKal 
ALl processes 

* A Tl confne 1nGasP, IRGAATP and AIG3AS lase diode 
it tol proven 1o sccomplish ceclent thicksess, Eompestion and doping siosmity 

Temperaturs Control Options for the Discovery LOM 
= St therocouple 1D fedbac control o 
= RaalTeny pyromete D eedback eonuol oo 
» Pyromoey asssed themocouple conteol—ReslTemp™ 
st aormancally drcrmines the tharmoEOUPIE SApoIA 
ecessay 10 achve e (g Wale VMRt 

r + it s eoniol ot the heaiog eeents 

eMcoRe comoraion 
T e Auenie « Someret i USA 08875 
T T v e o 



SILICON UPDATE | 

CMOS Dual-Band Transceiver 

ROBERT A METZGER 

B.Mg o inimum et 025 005, i e semping o it 1 the way down 0 1117 . O ghi bin ht f nld ke s sl gom. 
etry CMOS capabilities in order to compete in the all important. $0-2400 Ny RF ks il och Gas s wATES- FET. DT or BT o e wih SG¢ BT and S TS 
BICAOS ehnooges 

Contger iy Tn Tt conler vy b CMOS procss, e il min- man gt of 060 . Sch s protes ey povids T gusne () e o nly 10 and 4 1y o e N. 
el NOS and el MOS porio. pecively and ik ol voges ith maghtndsof 03V a1d s ol sopes of 15 m ecader U e e of Inalalaningm) ith i pch G 1.3 for e ind 
e, nd Shet elans vl agin o 33 70 m Yo e whi coud oy be escabd 3 v b CMOS 
s Can such a s sppor any of the wilesssudards i 003900 M2 s, emiting he o of Comite sciver? O o could e achlogy e 
S Tt et of . ¥R mre BETehe i und 
A revenly damonsiod by Bezad Raza and Sepen W o he ety of Calfri st Los Angln, he e 

13355 (12) From s commereial pepectie, dt-vad ppic T ¢ it S, offring the csomr e Sy 1o 

llion doflar, siate-ofthe-art CMOS fabs are currently 

Photograph of the transmiter die, which has dimensions 1.3 
035 mn. Each inductor (the pirple-colored spirals) s inte- 
gruted without further proeessing sieps and consisis of a stack 
of three structires made of three metallayers. This reduces the 
rea by around u fuctor of eight 
20 Compound Semiconducor$6) i Augan 199 

si | 
x 

bilites such as celllar with Global Positioning System (GPS) 
abiliis, and al OF this in a single smal transcenvr. The two 
Sandards which the UCLA researehers have employed in thei 
dual bandiransceiver are Global System for Mobile 
Communicaton (GSM) at 900 MHz snd Digital Communiction 
System (DCS) a1 1800 MHz. These two standards have disict 
‘advantages in the Abrcation of a dual transceiver, since they 
Shire many common_characteristcs, including Gaussan 
Minimum Shift Keying (GMSK) for modulation, and Time: 
Division Multple Access (TDMA). 

“The transmiter porton of the crcui is configured 5. - 
sip architetur, n Which the ciecuit generates the first, upeone 
verted signal in quadrature form and then performs single-side 
band (S3B) modulatin 0 produce the output in 1w bunds 
Operating from 1 3V supply, the transmite circuit consists of 
four upsonersion mixers which dissipate 10 mW, an SSB moer 
‘which consumes 10 mW, and o 55 mW outpot buffer The rans- 
i die shown, e s, messs 113 035 i Gnd 
includes on-<hip inductors) and exhibits unantcd spurs 40 48 
oy ki iods 

I the receier chip, the signa received by the anfenns in 
each bund i applid 102 duplexer filtr o perform band seec: 
tion. The LNA and two quadrature mixers are used 1 boos e 
signal nd ransate it to an inermediae frequency (IF) of 450 
M. The receiverachieves an overall noise figure of 4.7 4B and 
input tindintreept point of - dBm at 900 Mz, and noise fig 
ure of 49 dB and input third intrcept point of -0 4B at LY 
G The 1,54 x 1.37 mim chip exhibits a voltge gain of 23 &8 
Wit  power dissipation of 75 mW for .3V supply 

Pertapsthese characteistics don't impress you. I'm cestain 
that many ofyou reading this are either avare of, o actually work 
in, more adhanced GaAs-hased technologies which e capabl 
offower noise figures and spurs wel helow the 40 dB which were 
achieved here Yes there is ahvays a beter technology. But as the 
marketpace often dicate, ust nough. i just encugh. Will 5 
researl-generated dual-band transceiver ever see the commer: 
cial marketplace? Razavi says that he currently has no plans 
‘commercalze the device, But th fact that it has besn fabrcated 
demansintes quite clearly that in the all-important S00-2400 
Az band.even the most basic IC technologies such s simple 
three-fevel metal, 0,60 ym CMOS process can be sed ta fbr- 
cate o duakband transceiver, And these ever-growing silicon 
‘capabiliies have not gone unnoticed by the commercial GaAS 
manufaciurers, with RF Micto Devices, Viesse and TriQuint ll 
now offering silicon-based cicuits, 

s S Wiand B Rl IEEE 1 Sl Suse s, 193 
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CEEECTE— 
WDM Spells Robust Market 
for Telecommunications Lasers 

Several factors are comverging to increase demand 
for telecom equi the advent of WDM 
has changed the face of the telecom equipment industry 

Tou masEe 
Stren Uomact 

2 e i of 2 s e o S s 

i e e 0 7w it by ot ok s e . 

More Bits on the Same Fiber 

T i e row G e chimgs of vy s 
b e & demard, The s chvens it gl 
0 e i e e mrace, becane of e wemendenss 
oo £ ot 
e et s 

DL T et — - 
g .40 Gopn. (502 page 6 B s will o s bt for- 
earpisicn o coe chammel 

The o pogric st —paricdaty m e S s 
6 v g the s o 0 e e ot it e 

sing WOM (waveleagh division multipleving). WDM works by 
merging e g fom sveral aes sonroes oo 8 single iber uing 
e of sevral comporeras il o2 e, The savelengths pop- 
sgatc gtbes withous imerfenng with cch o, pasing though 
optical snpifer o the way, AL the csber end.the reverse process 
ks place, ) the light s st by et 0 ifferet detectors, 
o Semcomsacor 50 ey Au 

oAt ve 
pricys 

+ Assumptions. RN 

Laying new fiver 
$37.500,000 

mach acssonl channel costs: 

WOM mux-demux.  va. 
540,000 

Lighting dark fiber 
5320000 

WDM 5. New Fiber 

The acceptance of WDM technology—and it has receiveds 
enthusiastic welcome —bas transformed the capial spendingph 
terms i the telecommnications industry. Investment has il 
way from laying fiber in favor of instaling new equipma 
and more lasers. Some explanation of thi trend is provided 
Figure 1. 173 carie has exhausied all of it insaled fiber 36 
necds morecapaciy or s cusomers, it can insiall more bt 
install WDM equipment on fts existing fiber. With the eut 
installng fber commonly at $100.000 or more per Kilometet, 
500k installation could cost 50 millon. n coniras, the WD) 
‘equipment at each end may costabout 11100 of the cos of I 
the fiber,or under $500,000, 

Anotherconsideation often overlooked i that WDM ol 
costefectve evan where extr 
the cost of lghting the so-called dark fi 
optcal amplifers all alon the route fo tht iber, and the amp) 
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s ar xpensive ncontrast, WM ca use the cising ampli 
Fir it L Fier.nes sy, many ot consdetons st 
e taken nl accoun, ut he agument for WDM remains very 
stron. 

‘Telecom Laser Markets: Transmitters 

Sl of rnsmitaser didesoprating t 1310and 1550mm 
Should top S1.3 billon this s, That igure s 23% higher thn it 
was st year, Unit volumes wil b up around 35%, but sherage 
sllng prices have concurently decined by aroond 10%, 

There are several companes thit deserve to b considered as 
major suppliers o elecom ransmiier asrs. 17you Were 10 group 
them geographicaly according fo where the lasers are manufac- 
fared (bu not necessariy by where the company i headguarteed). 
the ist would include the following: 

+US: Lucent, Laserron & Oriel 
+ Europe: Aleatel, Norte, Uniphase, HewletPackard. 
Erisson, and S, 
+Japan: NEC, Misabis 
and Toshiba 

Laser ransmiters are rapily incorporating manufacturing fech- 
iques that allow more sutomation and lover cost packaging. 
New designs aim toward including more functions on the ehip, 
such a5 modulation. WDM componens, in parfculr, require 
wavelengh locking o sssure stable operstion over the system's 
uaranteed long ffe 

Fujits, Hitchi, Ok, Sumitomo 

‘Telecom Laser Markets: Pumps 

Optical ampifiers are pushing toward wider bandwidihs to 
sccommodate more WDM wavelenghs. This, in tun, requires 

Telecom Laser Diode Revenue 

Pumes Pumes 
o 2%, 

Transmiters 
2 

Revenue (st 

1097 198 1999 
@8 10 1950 
- 0w 
- o 
25 20 s 
1128 1380 1800 

more and higher power pump lasers operating at 980 om and 
1480 nm. The pumps actvate fons i a specialty fiber, which 
ads 10 amplification of a optical signal passing through the 
fiber. 

Rapidly increasing demand for oprical amplificrs has ed 
o phenomenal growth in the pump laser market. This is 
expected 0 continue as amplifers extend their bandwidih. In 
1997 typical amplifier bandwidih was 30nm (from 1530 to 
1560mm), but now it has increased to 80nm (from 1530 10 
16100m). We should soon see amplifiers with bandwidth of 
mare than 100, 

In addition, ptical amplifiers are findiag applications in 
new areas. The most significant recent evens have been the 
acceptance of 980nm pumps for undersea applications and 
the use of 1480nm pumps for power stages in terrestral 
appliations. 

With allof this acivty, the pump laser market will more 
than double in 1999, with growth in both 980 and 1450nm 
sources. Prices have fllen dramaically: even so,revenue will 
be up by nearly 80% due t0 the implementation of more 
‘expensive, higher power devices, nd the apid increase i unit 
sles, 

“The major manufacturees of pump fasers nclude 
+ 980um: Uniphase, SDL, Nortel, Lucent 

and Pl 
+ 1480nm; Aleael, Anits, Fujitss, and Furukava Flectric 

Although average selling prices will continue to decling 
{especially when calculated in terms of S/mW), pummp mnu- 
facturers must be pleased with current design trends. The 
number of pump lusers used in cach amplifir is ncreasing. 
foan average of almost three pumps per amplifier—nd next 
year it will likely be oven higher 

More Growth Ahead 

“The axerall picture for elecom laser diode revenue is pre- 
sented in Figure 2. Total telecom laser diode revenue is 
expected 10 be nearly SI.§ billion in 1999, up 22%. This type 
of wrowilh is expected o continue, with WDM lasers alone 
expected 10 reach 33 billion by 2003, As noted above, at the. 
Same time that revenue s increasing, the aversge prices are 
declining at 10-20% per year. Clearly unit sales are growing 
very rapidly. This i especially irue in WDM companens, 

“The rapid growth rates and the pressure 10 provide new 
and improved componnis will creae exciting oppartunitics 
for telecam lsser suppliers. But suppliers wil o continue 
10 fice increasing demands [fom their cusiomers, as cquip- 
ment makers sort through all of the alternaives in order o 
chieve constantly improving performance—at constantly 
Tower prices 
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High Power, A -Free Diode Lasers 

Should high power lasers have Al in their act e 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 Phoronics. 
University of Wisconsin - Madison 

excess of 1 W are in domand fo pumpng solid st lsers 
and fora variety oF other aplicatons in the printing, med- 

ical and materials procesing industries [see CS S(2), p. 24]. 
Improverments in materal qualiy,device performance and refis 
bility are causing the market for high pover lasers 10 cxpand 
beyond it curtent value of some $130:150 millon per year, Tn 
some applcarions, diode lasersare now able o compele aginst 
ather fser technologies (¢, replacement of diode-pumped solid 
state asers in material processing) while n other instances the 
development of relsble diode lusers opens up new application 
areas (e.e. development of reliable 0.73 ym lasers for 
Photodynamic therapy). 

Some of the most significant advances have becn made 
sing Al-ree lasrs, The term “ALfres” means tht the active 
gion ofthe device does not conain aluminum and for thi rea 

son such devices are more accurately termed “Al-ree actve- 
region” (or "ALFA”) lasers.In fact, & number of “ALfree” lasers 
Have waseguides andor cladding layers which contin AL This 
increases the bandgap offcl(s). thus reducing carier leakage 
and,inturn, mproving the high -temperaure performance of the 
devices 

Abfree diode lasers e e the subjeet of ntnse rescarch 
effortsaver the lat decade,as they ofer several advantages com 
pared o their Al-contaning counterpars. These beneftsare par- 

LNr diodes capable of delivering refisble CW power in 

nGoAs 052-098 18-15 
oA 081 1819 
nAlGoAs 081 ER 
GoAs 061087 Y] 
GaAsk 081 7 
AGoA (= 0071 (1] = 
AGoAs (+=013] 078 = 

Table TP valies for comventionally facet-passivared lasers 
with a siipe widh of 100 um and a fength of 1.5-2.0 mim. 

tieulrly prominet at waselenhs below about 0,83, whee| 
raditional devices with AIGa(Im)AS active regions e being s 
plantcd by GaAs- andlor InGaAsP-active devices 

Most curent commercial high power lasers a the techaos 
Togically important wavelength of 808 i (used for the opil 
pumping of NEYAG solid state lasers) have AIGads - o 
TnAIGas - actve egions, Typically.  number of ases are iy 
ricated sde-by-side to form  aser bt containing perhaps 20 
more active devices, I fun, these bars can b stacked vrocally 
or horzontally o form a device capabie of delveri 
of Watts of CW power. These types o produet are asallable o 
commercial vendors such as SDL, Siemens and Opto Pow. 

Sevral vendors, notaly Polaroid nd Mitsui Chericdl o 
offer 08 nm devices with GaAs actve tegions. The main idhor 
cat of Abfiee echnology is Cohercn, shich sells 40 W bt 
Bus n he 780-540 n cange and has ety ntroduced 50 an 
60 W aser bars i the same waelengih < page 42 
These devices, grown by MBE, contain a single ensil-staine 
InGaAsP. quanium well with ALfree waveguiding layers and] 
AlinGaP cladling ayers. 

Why Al-free? 

ars which limits the availabl poved 
s the onset of catastrophic optical it 

diive carticrrecon 

One of the main 
from hih pover e 
daniage (COMD) Due 1 signifeant non 
biaron at the emiting mirmor fact s tempersture s, Wb 
absorption. I e more arries recombine nonradiively e 
eventally eads o mireor facet meling and eresersible s 
(i catastophic miror dam 
e ky et n compasin 
e g e il poe deniy o COND Pl 
(152 ) o e st Th ottt <) 
while ALconsining s 

devices with diffreal 
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s consistent with the fact that AIGaAS 
material has @ much higher surfuce 
recombination velociy . than 10Gaks 
matesal, and that Py s imsrsely pro- 
portinal with s 1] 

“Table 1 also shows that he addition 
OF10-20%% I o the etveregion causes 3 
S060% inerease in Poowy for @ given 
active-regionmaterial, Futhermore, 

S0% higher P than 
Aly -G 1A, the commonly used active 
region material for 081 um s 

In the 0.78080 m wavelength 
range,for example. it hasbeen showe 
the elable poser lvel for ALFA lasers 
wilh [nGaASP actve regions is at least 
fice s hgh s for AlGaAs-acive lasrs, 
For the 0.70-0.78 um wavelength range, 
InAlGaAs-active devices genecally neod 
high Al cancenirations: 18:30%, This 
offen leads 0 oxygen-related defects and 
subsequent degradation. This so-called 
“bulkdegradation” of IAIGA«ctive 
devices makes ALFA-ype devices, by 
and Targe, the only high-power reiable 
Sources at present. 

Another major advantage of Alfree 
devices s that they employ TaGaP or 

Index = 

Figure 1. Schemaic representation of & 
broad waveguide (BIW) laser siructure, 
showing the ffective-indes profle (red) 
and the fiei-intensiny profie (blue). 

THGOASP, These materils bave n low 
reactivity fo_ oxygen, allowing caxy 
roth(s) for spatiah-rod contol. ¢ 

inden-guided devies,or frequency-mode 
contrl, e, distrbued-feedbick (DFB) 
lasers. Other advantages compared Wit 
AlGas-based devices ar the abiliy to 
use simin compensation for eter fng- 
term reliabiliy, a5 well a5 sgnificantly 
lower series fesisances, which 1 fum 
allow for higher wallpl efficencies 
High ouput paver feels 

Equivalent Transverse Spot Size 
and Broad Waveguides 

“The ntermal powes density it COMD. 
(Prop) i related 0 the maimum CW 
o at COMD (Pr ) by the eque- 
o below(l). 

i the equation i the tickness of 
the quantum wells), T s the trnsverse 
optical-mod confinement factor and the 
rafio AT is defned as the equivalent 
(iransverse) spol size. Wois the stripe 
wid,and R s the front-fcet reflctviy 

1 has been established that Peowp 5 
a function of the sctve-region material 
for  comentionally facetpassvated 
diodes .. diodes ot subjected 10 addi 
tiomal processing forsignifiantreduction 
in ight sbsorption at ther miror facets) 
“The value of Prow f n effect iversely 
proportional f the surface recombination 
velocity s provided tht s exceeds 105 
emis 1] Hence,for given etive-region 
matenal (with s 210 omisec) and given 
siripe widh, the value of By, o sales 
diretly with AT An importan way in 

067 InGeP 13 bt [ U Shgon (2 
075 | Ge |70 100 | e 3] 
081 | oors | 88 1001 U Waconan 1] 
097 | e | 110 100 [ U Wisconin /Sornaf 5] 
097 | ook | 168 200 | Sor/ Wisconsin 6] 
147 | ookt |52 200 [ Somal 7] 
20| Weoas [ 19 200 [ Sorcl Pincoon U_TE] 
25| Gosh |05 200 | Samoh 1 

Table 2. Recond CW outpu powers achieved Ty wsing Broadwaveguide (BYV) lasers 

which T can be incredsed i 1o e b 
uide (BW) separate-confinemac 

heterosructure (SCH) lasers 1] 
Figure | depiets o schematic rpre- 

sentaion of the BW-SCII stuctie. A 
Tange waneguide widsh (1) cneures s e 
T salue s el 353 Tow interml caviy 
Joss (<1 em ). In tm, one can 
vy ong dovies (152 ) vk 
provide low elecrical and thermal resit 
ances, Ay  esult, record-high CW pow 
ers hive been achieved from BWype 
devices i wavelengths from the sty 
fhe mid-infared. s shown i Table 2, 

097 m Incoherent Lasers 
A typical BW structure s shown 

Figure 2 At L3 jm thick, the woseguide 
s indecd broad. I supports lasing of ol 
the fundamenta ransverse. mode, s 
he 2eordsr transverse mode 15 supe 
pressent de 10 radition osses t the s 
Sirte us sell a absorpion osses in the 
metal contact [5], The muaximum CW ol 
quisi-CW powers are 11 W and 143 W 
Fespectively. for 100 um 2 mum conac 
area devices, These values representthe 
highest powers reported for InGadw| 
ctive asers, and, o that mater, forang 
type of conventionally faces-passivaled 
100 jamsirpe vadih diode. lases. Thi 
wllplug effciency a1 10.6 W is 40 
el record forsuch high powerlevel | 

The main reasons for the record-high 
CW pover and wallplug eficiency i 
high poser are: very high valoes for e 
equisalent transverse spat size (4T=060 
m) and the internal poer density 3l 
COMD (Peoun = 185 MWien); and 
il tempersr-msensine il 
ifeetia quantum efcency (12 o 

s 4o from 20°C 10 70 1], Las 
the s resitnce (R - 26 mé) o 
mos o that fo AlGaAv-bused dvies 

e Contactsiipe ared 
For relatively short (e, 0.5 ) 

device lengths, 097 pn BW-SCH lase 
it comploely Al-free structues hod 
the record for the highest wallpug o 
cieney (66%) reported for diode I 
and for thatmatier, for any type offses 

Most_recently, rescarchers from 
Somofl Corp. and the Univessity of 
Wisconsin - Madison have_separtel 
recondigh CW and quasi-CWV_pavens 
OF 16,8'W and 235 W, espeetively fom
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200 e devices of the same structure shown in Figure 2 
6] These values e records for any type o single-tripe diode: 
lasers. Furthermore,a preimiary et 16 W CW outputand. 
45°C showed only 6% power drop afler 1200 hours 

0.73-0.81 um Incoherent Lasers 
Traditonal lasers for pumping Nd:-YAG solcesae lasers ot 

081 jm contain AIGaAS active rgions. while nGaASP r GaAs 
can b sed as Ao alornatives. Based o the P alues 
Table 1. devices with InGaASP active regions are expected fo 
demonsirate rellable powrs a least twice those of AlGaAs- 
sctive devices, Similry, the relisbie powers for GaAs-ctive 
devices should be 0-50P% higher than for AlCiaAs-active 
devices. That i because the ouput powerlvel st which devices 
demonstrte relibiliy (1. < 2% degradafion i outpat power o 
increase i dive urtent o e vt power) over 1000 hours) 
is generally 30-50% o the COMD cutpit el 

Reported experimentl daa [see Table 3] confim _the 
above-stated. predictions. Comparabe 1 emlong lser bar at 
081 g show relisble. operyion a1 40 W for InGaAsP active 
fons [10] see Figure 3, compared 0 20 W for AlGaAsact 

devices, More. resently, comploying. InAlGaAs-acive devis, 
Sicmens has eported efisble 40 W fsers [11). while Colerent 
respanded by commercilly troducing 60 W bars 1t the et 
CLEQ 99" mecting i’ Bultimore, MD (sec poge 42).  devices 6. 
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0915 nGods 60 W relable cperation 
08 TGaAF. 60 W rlle peraton! A0V el operaton’ [WAGaAS 

20 W relsble cperaton! (AGaAs) 
081 =T 2W rolobl speraion’ 17 W slcle operlon: 
0755 TGoAs 40 W elble operaion” 520 W rlcbl aperofion’ 
078 GoAsP 40 W elile opecfon” 
075 <00 o of 1V (245 A 
073 GoA 0 hours 05 W2 750 hours ot | W 10% Al 

IGods? 1000 hours ot | W2 500 hours o1 .25 W (245 Al) 
70 bours ot | W2 (30% A} 

100 widh deices. ! Single 150 um sripe width devices. 

808 rm 40W bars 25C. 
13 Devies 68,000 dovice hours 

No
rm
al
iz
ed
 Cu

rr
en
t 

20 00 
Time (Hours) 

texts at 400V CVV for T o laser bars x 
0161, Thtse ALE4-pe devise mamaleamrad by Cotnins 
contain u single tensil-siained InGuASP guantuin wel wifh 
Alfree waseguiding layers and AllnGaP cladding lasers 10]. 

Futhermore, at CLEO *99 it was reported that Coherent has 
obtained reliablc b operation at elevated temperatures (75°C) 
for 1000 hours at 30 W quasi-CW, corresponding 10 1 bilion 
shots. As for single-stripe devices, 100 pnstripe GiAs-active 
devices have shown good efabily a1 2W CW compared t 

from 100 ym-siripe AlGuAs-actve devices 
the Py valies i Table |, it appears tht every 

igher powers sould e ascessibie with [nGaASP-active devices 
Since InGakw-active (0.97-095 um) and InGaAsP-astive 
(0:31m) asers have virwally the same Peos and InGada. 
active burs have aircady shown 60 W reiable CW powcr at 0915 
um (12}, i s expected that InGaAsP-ctive devices should be 
able 10 provide 60-80 W reliable CW povir at 081 yun. The 
recent commercial ntroduction of 60 W faser br by Coherent 
afdates these expeetatons. 

For the 018080 jum region, 40 W rliabilty at both 0,795 
i and 078 m has een reported for Ab-free devices, while 
InAIGaAs-actve bars provide only 1520 W at 0795 . Inthe 

TRl % ReaBly et o v v and o v T 
i 

Sirlpe devces, af vartows wavelengihs. 1 bars. T STe 

073078 i range,reliabilty has becn demansisted fom 1) 
ymsstripedevices at 073 ym by wo differnt researeh groups 5 
13] while InAlGaAs-acive devices with 24-30%% Al haye prosen 
anelable with compelling e that the cause i bulk & 
ation, A table exception isthe achigvement by Polaoid [4] 
of moderately relabic 0.73 o dindes (5% d 

evide 

sradtion per 000 
o) o1 CW ot by i s el 
shortcavity (500 un) AlGas-active deviees. Yet, the price patd 
forobaining 073 lsng from low-ALcontent (16 10%9) 

peratue sensitvity for the diode’ 
Characteisics The mich loss temperature-senstive 073 ym 
ALFA devices [13] hase showr only 2% degradation per 1000 
Hours at 1 W, Based on Peow valuss (Table 1), the potentl 
exists for 3 W CW reliable power from 100 um-stripe ALFA 
devices. 

Large-Aperture Coherent Devices (0.97-0.98 um) 
There has e significant effortover he last decade okt 

achicving watttange cohereat powers from large-sperture (210 
Jam) dide lases. Devicessuch asthe funout-type masir-oscls 
tor power-amplifier (MOPA) and the a-DFB | 
High diffaction-imited, single 
deviees huve o laiersl-mod 
nberent instahilies duc 1o e 

we displyed 
uency pawers. However, sl 

nfinement, and hence posses 
ractve-inden variations indaced 

dcarrirs These 
m sability und eliabifty, 
i, lage-aperure devices that not ool 

seleet fundumental-mode operation but also maintan 3 sible 
mode to high drive evels. 

AS in the case of single-clemes 
emites can achiev fter 

there s @ need for o 

Jarge-apertue 
ty iiroducing 

001), Sinee scture with stcong huitin index guiding (A 
the fabrication ofsuch sructures involves o 

materal are deal 10 e due & 
oxide-fee surfuces 

for Which one uses (lteral) gain modul 
e luteral (travelling-wave) mode. There st 
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‘—‘ o wpes of such 
Wt o 6V devis: aniresonant 
TGW wefleeive  optca 

20985 m | wave 
0067 | Jusers and rsomant 
“2260L | opical  waveguide 

(ROW) laser arays 
ARROW-type 

devices ave a low. 
inde coreand mode- 
selectvelaeral e 
flectors, and have 
shown 0.5 Win s 

lobe beam 
PRI 

Figure 4. O far fild pattern ofa 0- 04W CW 
element, near-resonant antiguided '\ A0 
array, When operated ai 9x thresiold [ * 41 e 
curn the g pover s L) I 

i in the main lohe. The 
Vallpig efciency s 2% 16 
10 b 0810 W CW stable, diffraction-limited operation 
= 0,98 um) from devices with §-10 m aperture widihs. 

ROW faser arrays hase the optical feld peaking i low 
inde,highgain regions and resonant global ntrelement cou- 

i traveling waes [15], From AIGaAs-based device, 0.5 
W CW and 2.0 W peskepulsed povers in diffucton-lmited 
bess. have been achiesed from 100 um-aperture, 20-clement 

098 um). The 
potental for ARROW 
devices s estimated 

Technalogy at 0.97 i has more recently been ui- 
Hized 10 achieve 10 W peak puled power i 4 near diffaction- 
fimitedbeam from 200 ym-aperture, 40-clement arras, 
Howeer, those devices had 4 relatively small An (0.35), 
esulling in beanswidths 4-5 fimes the diflraction lmit ot | W 
(CAV power due 0 thermally induced multimodin 

Mot ecently we developed [16] 4-slement ROW arras of 
index siep (An = 0.1), Devices with luge A are atrctive 

since they are virually insensitve 0 carie-nduced chunges in 
the refuctive ndey, and are less sensiive o therml fensing. A 

1 device shawed 3 stable parrow 

reshold (s Figure 4). Th price fo cohereney is not to high 
Miiency values of 24% and 2% were obtained 1 
16 W CW, respectivel: AtL6 W the coberent pover 

i the mainlobe s W Thus igh-An ROW arays have proven 
stable-heam, vatt-range coberent povers, with the potentil 10 
achieve s, near diffraction imited beam powers as high as 

it W W, 
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Tunable Lasers 

TIM IWHITAKER 

Spectroscopy, there is a srong demand for asers with an 
ouiput wavelength that can be adjusted and preciscly con- 

rolled. For example,tunableLasers ar i demand 0 act s spares 
for fixed wavelengih devices in dense wavelength division mul- 
tipleing (DWDM) sysiems. In the futue, unable sources may 
actually eplace: fised wavelength sources. and will also be 
required for optieal nebworking. Tunable lasers ars also widely 
sed i spectroscopy applcations, for example chemical race 
analyss using stomic absorpton spestroscopy, in whicth lser 
T detects clements which have resonnt ines wihin  partc- 
ula egion of the spectru. 

Fw applicaions such a5 opticl fiber communications snd 

Figure 1. Top view of Nortel's tunable DFB array. Three grut- 
ing sectons on cach of w0 waveguides provide a 33.6 nm 
lng range. The waveguides are conbined 10 provide a single 
ouput,at left 
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Figure . Spectrant of a tnnable DFB laser array. The channel 
separation s 200 G resuling in 22 channels within a 33.6 
nn tuniog windon: 
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“Technologieal Approaches to Tuning 
“There are s number of diffrent ways o achieve unabily I 

4 comventional distrbuted Brage relector (DBR) liscr the cr- 
et density inthe pasive Brag grating section cin be adjustel 
o vary the refraciive index and therelore the wavclength 
Alfough the sxucture 1s simple, the (uning range i limied 

it S-10 . 
Other moxhifed DBR stuctures have successully extended 

this tuning range. Sampled prting lasers have two dissimilt 
aratings u thefront and rear of the caviry cach of which vieldy 
omb” of eflecied peaks. By changing the 
o overlp, the dested single mode s sclected. This 
Wide tning,range, but requires a complicated ool mecta- 

I distibued fecdback (DFB) laser the grating & ocwed 
‘witkinthe scive region, and he output waelength can b 
by adjustng either the cavty temperature or the dive currat 
While the tuning range s fimied to shout 5 nm, several setions 
can b cascaded together 0 extend this ange, o demonstrtedty 
Nortel (e helow), 

Extenal caviy diode lasers (EDCLs) employ. & sinpls 
Fabry-Perot faserdiode incombination with an exieenal reflcon 

th s selected by 
mechanical adjustment ofth cavity, making thesc types of st 
more sued o aborstoy and instrimentation application. 

Tunable VCSELS have alo been demonsirated, with & con 
on approach being the use o micro-electromechanical sysiems 
10 provide adjosable caviy dimensions, 

Tunability for Optical Communications 

e ssue of providing spares for fixed wavelength soutee 
fasens i DWDM sysiems i the most compelling reason [ e 
curtent Jvel of et n tunable devices for optical fber et 
‘works,Today s DVDM systems transfer up to ) wavelengths o 
light down a single optical fiber. Forcach transmission node, s 
sequires 80 diffrent lsersesch operating . & i, but pre- 
cisely i, wavelengih.The channel spacings are based on s 
dad 100 GHz or 50 Gy grids, coresponding o wavelengh 
scparatons between adjacent chainels of ahout 0.8 rim or 041 
respecticly.To complcate matiers urther.todiy's systems pet 
e within the 1530-1565 mm transmsion windo of somen 
tional cebiunydoped fiber amplifiers (EDFAS). However, ney 
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techmigues are being developed which will extend this window 
oot 01600 am 

In high performance DWDM networks, the sources are DB 
Hasers fabricaed with different erating pitches. In these devices, 
fecdback comes from the periadic wriaton in refactve index 
associated with he grating, and temperature-induced cf 
reffacive index catis output frequency variations, at  typical 
rate of around 0.08 i °C. Wih the very snull harinel spacings 
in oday’s DWDM networks, i is essentia 0 tightly conrol these 
temperature-induced variations, and high performance DFB laser 
modules for DWDM contain  thermoectrc coole for this pur- 
ok 

Atthe moment, operatos of DWDM networks 
& lunge insentory of spaes, coring al the wasclength in their 
System. This means & large number of transmiter boards (can- 

aser modules, modulators, drver [Cs etc) costing up 1o 
S50,000 foreach waselengih channel operatng at 10 Ghps, One 
Board containing & laser wilh 1 tnable range covering 4l the 
hannels n the system could be held a5 & spare, saving the et 
work operators significant expense. I he event oFa filure, the 
tunable faser would be introduced n to the system and taed fo 
the wavelength ofthe fauly device 

o carry 

A second application s the use of tunable aser as direct 
replacemens for fixed waelength sources, This should simpify 
the supply chain and maintenance, since operators will 1o longer 
need 10 deal with namerous devices of diffrent vavelengibs. It 

INTEGRATED SCRIBE 
& BREAK WAFER 
DICING SYSTEM 
GIVES 98-99% YIELD. 

DAY AFTER DAY. 
= Dice 11 material, thinsilicon, sapphire, glass and cerantic 
= Saufrane o hoop presentation forpick and place aperation 
8 Proprietary scribetoolsperform repeatedly i rote fashion on all materials 

' Scribe tool change requires only three minutes 
' Automatic computer control utlizes 

Windous 85* and Starflight Vision System 
8 Clean,cosmetically perfect dice Phone: 70 

h 8 Unequalled throughput 

should also add network fexibilty. since new wavelengths can 
casily be ntroduced and the etwork can be readily reconigured 
However, unable lasers il only be able 1o compete strongly 
‘when they reach mass production and ther price fll (04 com- 
parable level with fixed asers 

“The third major applicaton for unable lasers in opical e 
works s in_ reconfigurable opical cross-conneets. (OXCs). 
Today’s networks use optcal adddrop mullplexers (OADMs) 
which dd and remove certain waveléngths from the DWDM 
irunk route using passive devices. An OXC could ke a digially 
modulted signal on  capier wavelength A, trnsfer the signal 
oo sccond wavelenh 3 and rerout it anywhere in the et 
work, using a funable st a the source of o 

Markets for Tunable Lasers 
(CIBC World Markets hasesimated that he market or tunable 

Hasers as diret ropacements for fined wavelength sources could 
each approvimaely 128,000 s by 2004, representing around 
23% of the tral primary source market, Tunable asrs as spares 
will ahive much greate mirket penciration, and il ccount for 
65% of all backeup sources by 2004, representing some 92000 
i, The value o tunsble lasers sold in to primary and bock-up 
markets in 2004 i predicted o be $167 million and $121 millon, 
respestively. These figures were based on externally modulted 
Tasers only, and exclde bath diectly modulaed lasers (n which 

Scrbe ad break the niw Loomis way: 
Call o wrte today for complee detals 
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1204 Chureh i 
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i s kel 0 nerase chirp) and electrobsorption- 
modulted fsees, which s kel o e  ited - 
ing range. 

Recent Solutions 

1. DEB Arrays 
At the Optical Fiber Conference in February, 

Nortel Networks announced & comercial three-sec- 
tion DI aser wiha tuning tnge of 15 nm, The tech- 
ology has recently been extended to covee i contnu- 
s wavelength tuning range of 4 i, equivalent to 
over 40 DWDA chansels with 100 Gz spacing (1] 
(See Figures | and ). 

Nortl's approsch uses an incine, or cascaded. 
armay of DFB laser sections, Each section has an ind- 

Samplad Grating g=138Um 7g=13um 

vidual electrode for_current injection and can be 
adiressed separately. The Bragg center vavelengihs of 
the sections are selected to he ghout 5 nm aput by 
changing the erting pitch from one section 0 the e, 
ach section can be tuned over & range of about 5 nm 
by varying the temperature between 0°C and SU°C, To chouse 
ny avelength within the ting runge, curtent s plied o he 
approprite section and the femperatire is djusted 0 selct he 
desired output waelength within that sccton’s range. The sec- 
tions ar armanged in order of inreasing wavlength sa tht ight 
passes transparently rough the unbiased section o sections. 

“The lase sructure fs 3 standand ridge waveguide DFB laser 
contining compressively sirined InGaAsP. quantum wlls, 
which i grown by & conventional o-siep MOCVD process. An 
‘-beam writer i s 1 define the grating pich in each secton. 
“Our three-section DFB. tunable laser (echnology provides 4 

reaively simple, contrllabi, and easy-fo-manufacture devies;” 
siys Chiris Clarke of Norel Networks” Optoclectronics division, 
“Unlike other more complex options that huve. o maich up 
‘umerous iput currents with he approprate lectrodes 0 accu- 

1550 o 980 om SR 
e g ) o 

Adve N, Sepport 

Ih/ lly 
:andww: 

Figure 4. CoreTek™s unable VCSEL has u micromachined top 
mirror which i displaced by an electrostatc force, varying the 
casiy lengel and the ougput wavelengil. 
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Figure 3. Cros-section of Alitun's grating conpler sampied reflcir 
aser. The three images show profies through the gain, coupler and 
refector (and phase) section. The output wavelengih i controled by 
Jour separate currents, one fo euch of the sections. 

ey selectthe correct aselength, each electrode i our devie 
addreses only. ane region of the spectrum, and o temperatrs 
adjustment is suffcient o poduce the desired wanelengihy 

“The thrcesection device operates over 15 nm, and displays 
 side-mode suppression of more than S0 B, with an oupid 
pover m excess of 0 dBen (1 mW) on al] channels. The 34 o 
ring range chip consists of hree grating sections on each af 
o paralel wavoguide, which are combined infoa single ouput 
‘waseguide. The combiner region has the same active iruturs a5 
the other sctions, but no grating, and s0 can be used a5 sem- 
conductor optcal amplifir o 8 power cqualzer. The device 
operates with 22 channels with 200 GHz spacing across 4 336 
m window. 

2 impled-Grating DBR Lasers 
Alitan AB of Kista, Sweden manufactures a gating couples 

sampled reflector (GCSR| laser which combines  sampled 
ing with  coudieetional coupler [2], The device is fabricaed 
fiom 3 monofithe InP-based structure with an nGaAsP QW 
active region, and has four scction, each with a separat elec 
rode(ses Figare 3). Current through the i section determines 
the optical pawet o the device. The secon section s & verficl 
oupler thal acts s s coarse wavelength-uning element, willy 
fotal uning range of sbout 100 . The salueof the coupler cu= 
vent seects one of th ten or more wavelengihs i the comb of 
peaks refleted from the Brag. refcetor section, The seleted 
peak can then be tuned across .4 nm range by varsing the el 
for curent jus ke a standard DR laser. Fine-tuning of the cu 
rent i the phase secton adjusts the optical phase fo maxinize 
the side-mode suppression. The devic essentaly functions ke 
100850 DBR lasers with everlapping funing ranges givin 
plte coverage over more than 60 it and 4 toal ting fange 
exceeding 100 nm. This very wide taning range s parially offl 
by the need for very complex drive. fequirements, fequirng 
matching of the nomeraus input curcen 
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e faser is around 2 i n fength andis conmparable n pro- 
ducion complexity t0a DFB lsee monolithically inteprated with 
an eleciroabsorption modulaor The device s packaged with an 
optial isolator and . polriztion-maintaning fiber, and i 
imounted on @ asrd with 3 microprocessor and other lecronics, 

Tunable VCSELs 
A tecent report from CoreTek I of Bulington, MA 

describes .2 mW VCSEL exhibiting single-mode CW opeation 
a1 1550 m with  twning range oF 30 [3] The sirucure has 4 
curved.micr-clctromechanical siruture as the top. mirtor, 
hich i displaced by clectrostic force when 3 uning voltge & 
applied. varying the cavity length (sce Figure 4), The active 
MO region s grown o n and  via hole i ciched through 
the subsirfe o alow deposition of the lat botom mirror. Th 
arrangement enhances thermal dissipation, which can limit the 
performance of devies with InP-based mirtors. The device is 
optially pumped using & 80 o diode, which sures asing of 
the TEM spatal mode, with a fundamental mode spot size of 

4. External Cavity Lasers 
An external caviy diode laser (ECDL) uses u semiconduc- 

1o pump laser in combinaton with an external grating and oier 
optics forbeam aljgnment and focusing. The diode lasers cts 
the gain medium within the larger external resonator cavi 
formed between the angled erting and the ear ace ofte laser 
diode. Inthe Liiman-Metclf design (sce Figare . th angle of 
the tuning micor deterines which o the diffaced wavelengths 

ng s fed buck intothe caviy. Coarse tuning s pro- 
i) by 3 pesisln serew, a0 Tinsuing by  piedoplechic 
actuator ECDLs have been widely used for specioscopy appl- 
catons, as eplacements for more expensive salid st o fre 
quensy double Jasers, TuiOpiics recently announced that it 
wsed bl GaN lasr diode supplied by Nichia o extend the 
rangs of wavelengihs covered by its DLIOD seies of ECDL 

€S5(4).p. 10] 

5. Tunable Lasers Go to Mars! 
The Mars Polar Lander spacecrafl, launched in January 

1999, i carrying six tunable diode laser g sensors, which will 
be used 10 measare watr sapor and CO; in the Mirian atmos- 

aves evolved.from heatd soil sumples, The 

sors, @ company 
formed 10 commervalze technolagy devcloped af NASA Jet 
Propuision Laboraiory {see CS 4(9). . 6], The DFB fasens are 
Srvined InGas QW siuctures grown by MOCVD on I sub 

nge is dependent on the ¢ sintes, and the wavelenath 
pitch. Fine-tuning of the output way eved by con: 
inalling the device temperatre and operating corrent. The laser 
wavelength i choren to match ane of the absorption frequencies 

as molecule. Together with an sppropisic detsetor, 
in'a malfipass bsarpiion el 1 ensure  long 

ofthe 

= 
& Vi 
Frei 
o 

Messlongh 
Tuing 

cavity is formed between the rear fucet of a Fabry-Perot laser 
diode and un adjustable, external reflector. 

ptical puth fength in  small gas volume. The narrow lnewidth 
and WV output power of the lases ensures that deteeion of 
‘e at the parts per billion el s posible. 
{113 Homg et o, IEEE Phtanics ick L. 1999, 115, 515 
T ————" 
{31, kst al. fe Lo, 1999, 5011, 90 
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CSEM Tunes into VCSELs 

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

RICHARD DIXON 

1 cavity surface emitting 
asers (VCSEL) are now one of 

the components of choice in 
short-an, gigabit-per-second data com- 
munications at $50 nm. Other applca- 
tions existat longer warelengths foropti- 
cal interconneets and at visible wave- 
lengihsfor spectroscopy. oo reasons for 
the Centre Suisse d'Electronique et de 
Microechnique SA (CSEM) to_ begin 
shipping devices with wavelengihs sover- 
ing the 750-060 nn range. In sa doing, it 
has joined th relaively small number of 
Commercial VCSEL  manufacturers. 
which include Samsung, Honeywell 
Hewlet  Packard.  Mitcl,  and 
Siemens Osram join venture Osrarm Opto 
Semiconductors 

Commercializing Swiss R&D 
CSEM is & privaily-owned Swiss 

research and product development com 

Figure 1. An’integrated micro-TEC 
temperature contoller (the ¢old block to 
the rear of the VCSEL) is available for 
wavelengih Suabitization or - tunin 
(ypieally .06 nn/K). 

pany with failtes in Neuchitel nd 
Zirich. As & non-profit rganizaton, its 
ol s 0 bring research 1 the commer- 
cal market place. This it o by arrang: 
ing indusiial artnerships and creating 
spin-of campanics, 

The company currently has 340 
eniployees imolved in diffrent areas of 
applied research and product develop- 
ment on behalf of & number of indusiral 
partners. These are principally involved in 
arsas such as micrlechnology, micto: 
clctronies and system engincering. A 
sl of 17 s involted in VCSEL develop- 
mentand production, which akes place in 
the Optoclectronis Giroup. Work on hese 
lasers began around 4 years ago 3t 
Zurichs Paul Scherrr Insitue (PS1), the 
results being acquired by CSEM afier o 
reorganization of PSI' esearch programs 
in 1997, The group is esponsible for he 
manuficture of both single devices and 
areays. Applications include apiical sens 

Fige 2. 4 SEV. mictophotozaph of 
63 3VCSEL ary (e e 1 
Tihe VSCEL are spoce a 125 i it 
il and e o e e o 

. spectroscapy, short-range communi 
catons, fiber coupling, and gas ssing, 
and aso medical diagnostics, and optia 

Dr. Rainer Hivel is head of VCSEL 
epitaxal growth in the Optoclectronies 
Group. VCSELS were chosen for com: 
mecialzation due 0 their perceived mar 
ket potential, he says. “Depen 
progress we ntend o spin off o new 
campany 1o concentrate on VCSEL man: 
ufacture in 3 1o 4 vears from now’ 
Currently, around b of the Centers 
funding comes from industral sources 
The Sivis government s among the wark 
aus other sources of income. This alo 
includes PSI, o 
oes towand 

Oxygen Sensing 
One VCSEL appicaion xplorty 

(CSEM s n oxyeen detcction systems. The 
semsar works by b narrow s 
bean 1o one or mor of the characterisie 
aborption lines associated with the oxs- 
pon molecule 

e oxygen sensor is il used o 
process analyis in 
at large combustion plants, Wb 
centration can be messured 0 0.01° 
" says Hovel, who joined CSEM from 
Airon ane year ogo. s use s 4 remoe 

instrament also makes 1 iabe it 
safty systems in chemical and peocher: 

1 plants, and for azardous waste 1nd 
solvent destruction Fuctories. Accondi 
Hiivel, vertical cavty lasers bring many 
advaniges 0 spectroscopy. “VCSELS ar 

fable because of the single modk 
emission, anabilty o b tuned a Gaussiat 



If you'te thinking blue lasers and biue LED, you should be 
thinking Blue Ammonia from Solkatroric Chemicals. With a 
minimum purity of 89.99994%, it the purest on the market 
today. We've developed this higher purity ammonia for use 
in ultra sensitive Gallium Nitride (GaN) processes for the 
production of biue lasers and blue LEDs. 

Blue Ammonia is packaged in Solkatronic's microPure’ 
cylinders to ensure manufacture-{o-delivery puriy. 
A Certificate of Analysis, with a complete gas and liquid 
phase metals analysis, accompanies each shipment. 
1f you'te thinking blue lasers and blug LEDs, think 
Blue Ammonia from Solkatronic Chericals. 

Blue Ammonia Specifications 
2099 | Oygen <100 pot 

G 1007 | THC (s Mathane) < 50 o 
ton Monowde < 50ppb | Wa 200 pob 



D etures Jove sy CSEM has optimized i i 
evice Stru taxial growth and processing for single 
(CSEMs devices begin with MOCVD  mode operation. As a resul, it guarantees. 

srowih on 2nch 1-Gas substtes oL s sde mode suppression valussof e han 
Sien e Producton sared i ear. 2 . In addion. the measured speotnl 

el Wit s curmenly epresentand capachy is round 10000 packaged et o he scasor i e than 3 Ml 
‘e most popular method of oxyeen detee-  VCSELs per monih- and the utput wavelngth can be curen 
i, clenrachemcal cels s from  The devoss conain one or mOre  uned ata e of 0.5 immA 
Dot longetm sty and e for e quantum wels of GaAs, AIGaAS, or Fr he 763 o devic, the maximuny 
B i ol Thes e INGas fortheactive e, dpendin on inle e oulut power s ypically 03 
T tbaence o they  he esred wilength o, The i W ot & cumt of 4 mA. This s e 
i 7k R T ke s i 

e Sal s specttomitr, the_ cones ha oy one il mode € p-  rscoy Mmessrements, which ar il 
i o e o b . pored 1 the iy and shes e o onct Iy made il poeral 025 W - 

Sion i the fundamentl longdiml o, CSEVTy deviesdelver o 
Oetone tanstions. Th waveengh band | mode. The e thiccs ofthe acie ; 
5 prsen whho o e fom i defines the VCSEL eision vave- M micro- Pl e il g, an oo e e s g sowof e 63 nm VSEL cofainsnthet- 
e 763.5 nm for the oxygen molecule, By For an oxygen sensor operating at 765 mistor that can be used 10 maintain 4 con- 
ool e cpmne o and h i, te CSEM evce conss af 4DPEr- St tamportre When  Sable i e 
e e e I s, 60 oF e e vave sk o < veenth 4 i, Al 
e el aned 1. the reired wine.  AJAS ad Al s for te b - the micPelier VCSEL can als be el 
o and et roduee spchm, 7 it g reflctor (DBR). In 1. poduce . conroled. emperatir CBENTS deiecs can accommodaie s (b selr of the one Vavlengh Wk change 
aneength nin ange of 2 . Gz reon s st s Tor bl oot rells 8 conning e AbGiyAs quintum e 
bl ot o o In 5wl 35 perd of he s e "7 APBlcations 
VCSTL. e ot vl vy means _ composkion s the botom efcorcom- 1 adiion t0 sl o asers for vy 
(i b e wavclngih s b waed  PIAS the top piype DBR. T fmal gén scaors,theclerappicaton, and the 
ol Wi ol hop: T devisca b ok i 10 ik, and gt ket for VCSEL 1 0 G 
S Snel mde opetion s il CSEM depockts the mateal ing growlh  communicatos. 
Tegime. In sngle mo, CSEMS doiees s highas S . SO ke Vi 
o opete s cen el of sl Tramve opieal andslectrical cun.  two-dimensonl s, 
s e thold cues s Hovel, | finement 1€ achved g o Gy el consampton s a1 o benlit 
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“The company views the fabrication  pixel’. Th aim st demonstrat aptical 
of such array 3 one f s strnglhs, and infesconneet. systems with trnsmission 
s begun making  rnge of devicesfor— speeds of up o | TRl Such systems. 
use in dita communicatons at §50 am,  would_ employ the company’s § x § 
and at 950 o for fe space opicalnter-~ VCSEL arays, which contains in 
connects, The latterare armys of optcal — 1nGaAs quantum well siuetre tuned t0 
inut and output VCSELS conaining et at 960 m (Fgure ) 
Jenses configured 0 collmate and e Acconding o CSEM, for optial 
the ght i e interconnect arry applications device 

(CSEMs VCSEL arays operte in  uniformity i eical, s § x § packaged 
both single- and mulimode. [is § 1 5 VCSEL armay exhibits a wavelength 
sy oerte in iglemode and e variaion surss the wholedeic ofuly 
tireshold currentond voage valesof 2035 
mAad L7V AnSS0mm | x 0amy Witk dute communicatons and 
supying 05 mW ofsingl mode pover— optical iereonnects markess fkely to  Figure 3, 8.x8 VCSEL armay measuring 
isalo availble. The § X8 sariant cmis — expand i futre, CSEM fciltics and 28 w2 for integraion o aptcal 
i malimode 1 95 i and deuers  unveity ks ke it velghed o ot The aay s onded 0 
Thisis comparabe t othe commerilly — industal secos. This i important for S8t fo 1 PCB. Eech VCSEL s 
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Self-Organized Quantum Wire Lasers on 
(775)B-Oriented GaAs Substrates 

AASATAKA HIGASHIVAKL 
Graduate School of Engincering Seience. 
O Universit, 
Tojonaka, Osaka 560-5531, Japar 

 region of the onder of th size where quantum cffcts 
become significant give fixe to sharp peaks n the density 

of states. These regions are known as quantum wire. s xpet- 
e from theoretical consideratons tht the application of quan- 
i wies 0 the ctive region ofu semiconduetor st il lad 
1018 Jow threshold current and high thermal sabiliy as et 
of these sharp one-dimensionsl density of sttes [1], Moreone, 
ane of the igget problis facing vertcal caviy surface cmit- 
fing asers (VCSELS) as been the instabilty of the polarization 
of the emiting light.The application of quantum wirs fo 
VSEL i alo expected 1o rsolve this problem, s he asoci- 
ated lateral confinement will rsul i strong polarzed enision 

nthe It 10 s, large mumber of methods or fubricat- 

T]h: coninement o lectrons and holes in tw directionsin 
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VIBE: a) entie lasersircture and ) quan- 
i, I Schomaic Ty o G 
Sl im0 
Gt ubrate 
wam wire region. 

ing quantum wire sructures have been reported. Among ther 
Gt wies grown on Vgrooved Gads substrates were the 
most succesfil, because the Vegroove quarntum wire laers 
extibited oscllaion at roo temperature o the 1t time [2) 
However, the ety argesize f he crescent-shaped quanum 
wire resalied in 2 lange number of one-dimensional subbands. 
and there was ltle diflrence i the optical poperties compared 
o8 quantum well. In additon, the fsbricaion process. wich 
includes he preparation o the V-grooved subsiae, the crysial 
rowth technique and the device processing into Liser dides, 
‘was much more complicated than that of o conyentions]uantum 
welllaser. 

On the other hand.self-organized quantam wires, which e 
obiained by using multi-atomic st formed oty danng 
MBE and MOCVD groseh on high-indes subsires, have been 
aractve because high-densiy quantum wires can be obuaned 
using an uncomplicaed process. Howeser, in the case of s 
type of quantum sire, uformity s usually a big problem, 

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

1) plnes. Th ol prkd ad b of s i 

et ), 



‘COvER STORY 

“There appears 0 be 1o problem stacking the quantum wire ly- 
ers, Moreover, it should be noted hat these (775)B quantum 
wies can be grown simply, s i the case for conventional quar- 
fum wells. i has been confirmed from photoluminescence: 
experimentstha the (77518 type quantum wires show go0d one- 
dimensionaity and unformity, and tha the light emited from 
the surfuce s strongly polarized in the wire directon as  resul 
ofthe laeral confinement [4]. 

(775) B Quantum-Wire Lasers 
GaAS(GIAS(AIAS): GRIN-SCH quintum wires and 

quantum el fasr structures were erown on the (T73)B- and 
(100)-oriented Gads substrstes. simulancously by MBE [5.6] 
T kinds offaser structures with well widths (L) of 2. and 3.0 
am were prepared. The laser structores contined five guanium 
‘wie layers, and hence the densites of the quantum wites i the 
active egions were 4310 quantum wires pet e i tofal. 

Figure 2 showsthe -1 charsceristics of he (175)8 quasum 
‘wires and the (100) quantum wel asers measured 8 20°C. The 
(775)B quantum wire lasers with Ly = 2. and 3.0 nm exhibited 
threshold current densites (1) of 1.9 and 1.4 KAicm?, respe 
tively, while the (100)-grown quantum welllasrs were measured 
529 and 8 kAem?, respectvely. The threshold urrent den 
1y values of the (77515 quantum wire lsers were found 1o 
almost the same as those for V-groove quantum wire s 

“The increase inthe observed curreat threshold densiy of the 
(100)t5pe guantum well asers with desreasing well width i 
mostlikely explained by the theoretical model for he quantum 
wll,in which th non-adiatve recombintion of clctrons from 
L valleys increased with decreasing well widh. On the other 
hun. the threshold current densit of the (T75)B quanium wire 
Jasers increased slightly with decreasng well width The large 
reduction in theeshold curent density of the (775)B quantum 
wie lasers for L = 2.1 nm was manly due 1 ther one-dime 
Sionaity, 

Th characterstic temperatures (Ty) of the (775)B quantum 
wire asers were 94 and 202 K for L, = 2.1 and 3.0 am, respec- 
tiely, and the quantum el lasrs grown on the (100) GaAs 
were measared 10 be 70 and 200 K. There was litle diference in 
T value hetween the (77598 quanium wire and the (100) quan- 
um wellasers for L, = 3.0 nm. Howeves,inthe case of the 2.1 
i wel sideh, the characteistic temperatune of the (775)B guan- 
tum wirelaser was about 30% higher than that of the 100) quan- 
i well fase. These results clearly indicated that the thermal 
suabiliy of the threshold curren for the (775)B. quintum wire 
Haserswith a well width 07 2. was much enfanced. This was 
i 1 the shaep one-dimensional density of stes 

Summary and Future Work 
W have suceeeded i fabricating GaAs guantum wire lasers 

wsing self-organized muli-stomic GaAs seps on (775 B-orient 
el Gas substrates, The points we wish 10 emphasize are thit the 

)8 quantum wire ssers osciluted af room temperature with 
a lowe threshold current density than the comertional (100) 
quntum well asers, and hatthe fabricaton process was s sim- 

ple as that of conventional quantum well asers. Tn fure, we 
‘would ke 1o appy the (77518 quantum wies as stive ayers in 
VCSELS, not only 10 reduce the threshold current and thermal 
suahilty, but 2o to overcome the instability of the polarization 
ofthe emiting light, For this purpase, the authors are attempiing 
1o fubricate siipe-gsometry lasers and VCSELS wilh selorgan- 
ized InGaAs quastum wires, ot only on (775)B, (553)B and 
(221)B GaAs subsirates, but currntly aso on (77598, (S53B 
and (220)B 1P substate, 
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A new standard in GaAs 
production epitaxy... 
VG Semicon's V150 MBE system with 
ThermoCell™ tachnology sets 2 new standard 
for igh volome 4" and 6" epi processing. 
e offrssarelng advances in hroughpur, 
yild and processstabilcy. 

High Volume - the VIS0' platen design 
accommodates four 6", nine 4 o sxteen 3° 
waters Wi system contro based on the 
industry.seandard X-Gen™ automation 
package and a minimum § month scheduled 
cycietime,system throughput exceeds 25900 
or 10000 6" waters per year 

High Yield -VG Semicon's accsimed 
ThermoCel™ tochnology provides process 
niformity and reproducibiey within % Bu¢ 
more importantly the use of ThermaCel’ 
offuson sources makes the V150 ten times 
mors stabl than s closes competior, 
eliminaing the costy requirement for daiy 
recaibations. And with the lowest defect 
levels reprodocbly measured from any 
efusion saurce ¢ no wondr the'150 with 
ThermoCall™ technology has been called the 
most achanced MBE system avaiabl today. 

Soifyour process neads high troughput, 
rliabiiey,prformance and reproduclbiity, 
the choice has never been esser, Talk to 
VG Sermicon,the MBE company: 

UK peaser 
USA (1) soossa 7007 

1) 978524 041 

(3535 9771 
) 184 450909 

aspore (65779 735 
O visit v vgsemicon.com 
and tae 2 video tour. 

VG Semicon 
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NEW DEVICES B 

Coherent Unveils New Laser Diodes 

oherent Semiconductor (Santa Clara, 
CA) has inroduced i new fange of 

ower laser diodes for medial, 
industral, graphic aits 4nd scieatiic 
applications, 

Coherent’s NIR wavelength diodes 
are based on it aluminun-free active 
area InGaASP siructure (which the coni- 
pany terms “AAA” devices), which it 
maitains mproe resisiance (0 dark line 
defects, sudden fulures, and gradual 
dearadation. According to Merril Apir, 
P ofsales and marketing. while lftime 
performance resuls for Taser diodes a1 
25C may be very simil to Albased 
products from  other  companics, 
Coberents feime resuls t higher e 
peratures (up 10 75C) provide a sirong 
angument for the use of these commer- 
cially availble aluminum-free maferals 
e page 24],For the shorter wanlength 
visibie (650690 ) lasers, an AllnGaP 

is used 10 achicse the required 

“The nes range of diodes includes: 

- High Temperature Diodes 
High temperatre opsration laser 

diodes were nilly developed for mill- 
tary avionies platforms which typically 
o nat have liguid cooling readily avail- 
able or prefer not {0 incorporate thermo- 
electric cooling due 10 electrical power 
andlor weight consiaints. As 3 result 
Coberenrs new 40-W_continuous wave 
(CW) and 50 W quasi-continuos wove 
(QCW) 808 nm diodes e been tesed 
up to femperstures of 75°C. I reliability 
experiments, the QCW diodes exhibited 
less than 9% degradation afler 10° shots 
(400 (s pulses) at 55 W peak. power 
‘while the CW diodes exhibited less than 
5% degradton aftr 1,500 houry contin- 
wous operstion ot 40 W, According to 
Apter a room termperare these devices 
have ‘expected lifetimes in excess of 
15,000 hours, A 30% fl-factor br at 40 
W peak power exhibits  spectral width of 
22 (FWHM) snd fast-anis heam 
divergence values of less than 35° 
(FWHN), 

- Water-Cooled Linear Arrays 
Avalable in 30 and 60 W (1 ¢ long. 

monolitic bars) versions jn the 780-840 
m wavelength range, hese wate-cooled 
packages provide a thermal resstance of 
0457 per W, cnabling high-power diode 
opéction without themal degradation 
Applications include lascr pumping and 
medical herapeutics s well a n prinng 
and heat reating, A speciral widih oFfess 
than 3.5 am FWHM and fastasis beam 
divergence of around 35° FWHM is ypi- 
aal for these asers al fullated power. 
The packige was specifically designed 
for applications requiring closs horizantal 
(10.5 mm wide) packing, and e used for 
transverse pumping of solid-stae e, 

An AR (aniirefection) coted, fast 
‘i callimating ens can aso be included 
on each lincar array, which collimates the 
st s beam divergence from 35° o 2 
(FWHN). 

- QCW Stacked Arrays 
QCW stacked armays are finding 

application in sold-state lser pumping. 

Top: FAP diode lasers are available in 
the 650690 nm wavelengih regime. 
Bottoms: water-cooled lincar array O 
bar in S0 and 60V versions aperate in 
he range 78840 . 

and in dircet illamination for ranging ind 
imaging, Wvelength ranges include T80~ 
40 nm and S0-992 nm, and. these 
devices are availabe in one- two-, five- 
and seven-bar stacked arays. Fora | em- 
Hon bar, the peak poser is 100 W at an 
operating curtent of 115 A Coherentsays 
these siacked artays support applications 
it pulse widihs offes than 500 s and 
‘maximum duty fctor of owe tan 3 % 
The minimum pith (center-to-center 
spacin from bar o bar) is 400 jim. Also 
offered are wter- and conduction-cooled 
varins abl 1o support. up 1o 15 bars, 
‘with piches from 40/ 10 2 . 

Highconvergence (fiom 35° 10 3 
FWHM) AR fst-axi collimating lonses 
cun be added for optical pumping and 
llumination applications, o for inc 
tion into complex opical systems. 

- High-Power Red Laser Diodes 
Coberent’ new funily of AllaGaP 

single-siripe and fincar armay CW bars 
and fiber aray packages (FAP) are also 
intendet forapplications such s edical 
therapeutics (.2, photodynamic therapy). 
pumping of sald-seate medis and also for 
entertainment displays and. illumintion 
applcations, Conduction-cooled, these 
devices eature an output power 070,25 W 
at 650 1m, while | cm-long burs ut 670 
m and 690 nm emission wavelengths 
offer 4 and 5 W, respectively. The 
AllnGaP lnear areay CW lasr diode bars 
aré mounted on indusiry-standard 25 1 2 
X 14 mm conduction-cooled packages, 
Again, AR-couted. fist-axis collmating 
Jenses can be included with the CW laser 
diode bars o single-siipe CW devices 

The OW fibercoupled devices pro- 
duce 4 W 2t 690 mm and 3.5 W 670 nm, 
when coupled 10 an 800 i fiber with 
numerical aperture f 016, The output o 
the FAP cnclosure can be connected t0 8 
single farge-core multimode optical fiber 
wsing a stndard connector, The fiber- 
coupled dovices also include an apical 
sampling port, which allows g opical 
eodback loop 0 be included for constant 
output pover 



ESEARCH REVIEW 

Semiconductor Lasers 

Green, ZnSe-based DFB Laser 
M. legge et o, Elec. Lot 1999, 35(9], p. 718 

hile significant progees bas been made with GaN-bused 
luchioltlasers, he gren egionof hespecrum emins 

accesible only with ZnCaSe-basd device. Sony has reportd 
CWV operaton o 514 1m faser with a ftime in excessof 400 
Hours, whilethe University oF Warzburg has repored high tem. 
perature operation (140°C) of o ridge waseauide lasr which 
exhibited ateral monomode emission. The most common 
approsches 0 ehicys Iongiudial single-mode emission are tn 
use DBR ox DF stuctures This poper fom he Universities of 
Warzburg and Bremen, reports the first demonsiaton of an 
cectrically injcted, room temperature grcen DFB lusr. 

he seprae confnement hetroseucure device layers were 
rown by MBE o an -ype GaAssubtrat, The cladding layers 
were MaZaSSe,ltice-matched 10 GaAs, and he 4 m Z0CaSe 
single QW active lyer was embedded in fwo 100 1m ZnsSe 
waveguides A 125 nmpZnSSe ayer anda 110 am pZnSe ZaTe 
supefatice completed the srucure. To avoid eptaial over- 
arowih,a aerally oupled siucture ws fbricated. A decp e 
aveguidestructure it iipe Wi of 2 vas cihed down 

Ru-doped 1.48 pm SIPBH Laser 

Cr grating 
Ve 

Schematic structure of the lecuicaly pumped ZnSe-based 
'DFB laser. The active region contains a CdZnSe SQW between 
ZnSSe waveguides, 

Gahs wbsirote 

10110 nm sbove the top wateguide, and a Firs-order Cr grating 
s defined on both sides ofth ridge, n this szueture,the gain 
coupling ofthe laser mode with the grating resuls in stable, lon- 
itudinal single-mode emission. Afie cleaving,the devies were 
investigated under pulsed curtent injection (pulsewidh 0.6 s 
duty cyele 0.01%) at room temperature 

The lser wavelength incressed with the grating period and 
was ~S13 mm for a 97 nm grating and =515 nun for 7.5 
‘rating period. For a device ength of 1.4 mm,th threshold cur 
et was 25 mA, comparable (0 4 Fabry-Poro laser o the same. 
wafer, 

A von Geslen ef ol Proc. P & Reloted Ma's. Conf. 1999, p. 203 
e optical gain of exbium-oped fiber amplifers (EDFAS)is 
determined by the single-mode optical power provided by 

‘onc or more pump lasers. These operate at 980 nm or 1430 nm 
and cause exctation of Er” s disinbuted in a special section 
of fibe within the EDFA. 

Semiinsulating planar buried heterostructure (SIPBH) 
ser, i which semi-insulting regions are used fo diectcurrnt 

‘ pinGaAs 
o 

mowhie 
nhp 

blocking layer _ 
/ ‘ e wniitng vaw . 

loyer  ninp acive loyer q 

Schematl crov-section o a semi-insulaing planar buried hei- 
erustructure (SIPBH) luser with an Fe-doped InP semivinsulat- 
ing layer: 

through the active layers, have demonstrated very low threshold 
‘urrents and high output powers,alhough these values are - 
ed by leskage currents, The S1 layers are normally formed from 
Fe-doped InP which suffers two main problems. Since Fe forms 
a deep level fo clectrons in InP, holes are not blocked by the 
InP:Fe layer, and furthermon Fe suffers rom rapid interiffsion 
with Zn fiom adjacent layers. This puper, from Uniphase 
Netherlands and the Technical University of Berli, inesti- 
st InP:Ru asan alernative blocking ayer . Ru has  fow dif- 
fusion coefficient i InP, and InP:Ru has a decp evel for holes, 

“The siructure was grown by MOCVD on t-InP and nclud- 
e an active ayer containing 4 compressively-strained InGaAsP. 
QWs with tensile-strained barriers, und a separite confinemert 
Belerosirueture. Aflr wet etehing 0 define the mesa. the InP-Ru 
regions were grown at S90°C using (CpMes):Ru, TBP and ThIIn 
s precursors. The cureent blocking properties of S InP:Ru were 
found 10 e better than TnP-Fe, altrough an oditional n-InP. 
blocking layer was requied fo block holes. 190 mW of output 
povie was obtined from a SIPBH laser contining InPiRu at 
700 mA, compared 1o 207 mWV from the [P sructure, With an 
improved acive layer desgn, the InP:Fe SIPBH laser yielded 

75 mW i 1000 mA 



RESEARCH REVIEW. 

400 mW Single Frequency 660 nm laser 
B. Pezeshki et ol, Photonics Tech. Lett,, 1999, 11{7), p. 791 

s paper, from SDL, reports the 
e single-fequency user 

ing DFB (or a-DFB) laser structure 
exhibis single spaial and Jongitudinal 
mode operaton a1 660 o, and delivers 

Dielecrc Angled Groting 

Opical 
Cavity 

ight Output 

p view of an angled-graiing (c-DF ) 

e 400 mW CW power at room temper- 
atue from 4 60 jm wide sipe. This is 
bout 10 the paver fom conventional 
visible DFB or DBR sers which can 

exime wilh 
imited by ficet 

degradation, Broad usea Fabry-Perot 
lasers offer high power, but are mul 
mode i borh longinidinal und laersl 
dirctions. Previously, the highest power 
Single frequeney monolidhic source n s 
wavclength range vas obiained from o 
masteroseilator power amplifier 
(MOPA) structure, which boosts the 
power evel 0fa DBR lser sing o flared 
amplifer o give 250 mV st 670 . 

The 0-DFB Siructure, grown by LP- 
MOVPE an Gas, consists of 4 lower 
cladding laver, un 1nGaP actve lyer and 
anInGAAIP grting laer. I the latr, the 
rating is defned i 3 (nonperpendict 
Tar) angle o the fuce, Afer regrowth of 
the top cladding and contact fayers, 4 

dicectric i deposited und pattered s a5 
10 form 60 m-wide srie paralle o the 
cating, This s the gin region, and it sup- 

ports o modes that heat together such 
thatthe oxerall bean zigzags rom sid to 
side (s figure). Ifthe cavity length i 
whole number of beat e s, then the 
w0 superimposed nodes travel at normal 
incidence o the facet, Unlike 4 conven- 
vional DFB lasr,some front fcet eflc 
tionis requied t define the mode, while 
the grating sufices 0 confine ligh n he 
lateraldirecton, 

The 60 um stripe widih devices ada 
threshold current of 600 mA it a finca 

Fiiency 010,75 WIA, and emiied 
W st a curreat of 114 A. The f 

£ld v vy o, with 8 WHM o 
and was diffaction-imited. The 

1d was sbout 30°, but a 
A beam was obtaned from 

thiselpical ar-fild using 3 eylindsical 
nearcolling 



RESEARCH REVIEW 

662 nm DFB Lasers with 90 mW Output Power 
M. Hogberg et l, e et 1999, 35(12),p. 980 

Highest CW power rom 
‘pectnl mode device 

his pape, from SDL, eports the 
narros waveguide single spaial 

miting it the visible wavclengh rang 
ke quanites of visibie Jasers are currently prodiuced for 

applications (c.. pointng and optical storage) thit hve telatve: 
fy relaxed spectral width and sabiliy equiremens,allowing the 
e o Fabry-Pera devices. Other appliations sich a5 spee 
twoscopy, interleromeiry and bigh-denshy aptical torage demand 

narrow spectral widih, hich canbe pro- 
DBR o DFB o Thse 

lowmo 
vided by grting-stal 

| e AGolo? e s 
[Ai&lln; " 
e wih | 

| Alnp 
Clorkdng loyers 

ot graing 

ides 90 mil Schemaric of SDL 462 nm DFB laser which pre 
W oupput power: 

> structure and 1500 jm cavity ln 

fypes of device are much les well developed at visble vave- 
engths han a1 the telecommunications wavelengihs (1.3 and 

5 um), partly due o the diffculy of achicving rogrowth of 
structures with high Al content n the AlInP GalnP material ys- 

The epiiaval siructure, grown by MOCVD on an n-Gas 
substrte, consists of AllnP cladding layers surrounding an 
AlGalnP wascguide contining a sirained GaluP QW A grating 
with 1206 1m pitch, corresponding 10 in-plane refcetion through 
second-onder diffaction, was attermed info an AIGaInP ayer 
The upper partof the Al cladding layer and  p-GaAs contaet 
layer were subsequently regrown, 4 im-vide ridge wavegtides 
were fubricated and the wafer vas cléaved to form 750 um-lon 
devices. 

The threshold currentof the 662 o lasers was 32 ma, and 
the nominal slope effciency was | WIA, For 90 mW optical 
paver, the infction curren and volage were 125 mA and 2.95 
. corresponding 10 1 vallplug eficiency of 26%, 90 mW was. 
séhieved st rooms temperature without any spectral mode jumps. 

Lifetests were performed on 672 o asers with the same 
i AU0 MW and S0°C, 20 

or no degradation over 1250 prescreened devices showed i 

Realfemp—Now you can master the art of 
wafer temperature monitoring 

instrument available in the MOCVD industry 
challenges of temperature critical ¢ 



"RESEARGH REVIEW. 

High Efficency Tapered 1.55 ym DFB Laser 
V. Voiriot et al, Proc. InP & Reloted Mats. Conf. 1999, p. 33 
e s f tapers In sourcs avers for opical iber communi- 
cations. is an effective method for increasing the optical 

power coupled int the fiber, by reducing the faeicld optical 
beam divergence. This can also reduce the production cost by 
faciltating passive alignment schemes, While tapes are widely 
wsed for 13 yim sources. this papet from Optos/Aleatel repots 
tapered 155 um DFB fasr. The siructure (see figure) incorpo- 
ates an aetive Loy such that he width of the MOW g region 
s ineary decreased towards the front of he device. The optical 
mode can theefore be transferred 0  passive waveguide ayer 
bencath the active ayer: 

nially, the 70 nim passie InGaAsP waveguide 
(= 117 o) was arown o I by gas-source MBE. This was 
Tollowsd by growih o the actve Jayer with sx § 1 InGaASP 
stsained QWs with 10 i unstained (.~ .17 pm) InGASP - 
e, Following a pnP s, n InCGaASP laver was grown. on 
Which the rating was fabricated. In some cases the grating was 
remosed from thetapered sestion, GSMBE vas again used for p- 
InP grati erowth. The taper was then formed using UV-250 
contact ithography and CHH: reactive ion eiching. The UV- 
250 process, adupied 10 be homogenous and reproducie across 
‘ 2einch waltr, sus essontial to provide the desired taper widkh 
() sesolation, A value af T <0.30 i necesary 10 achieve 
a vertica diversence smaler han 157, The stueture ws buried 
wilh MOVPE-rown pInP and s p~InGaAs contac lsyer With 
N AR-costed facet and o HR-<osted ear facel, an verage cou- 
ling loss o 3.6 4B was realized nta an AR-couted, end-clesved 
standard optical fber, The theeshold current for the localized 
(erting remved from taper) and nonJocalized devices was 10.1 
mA and 116 mA respectively, with an optial pover of 40 mW 
a1 25(C for both device types. 

Elociode 

IoP regrawth 

. tocolsed Brogg grating S 
Stighacius rogion 

Secton though u I Jum tapered DFB laser, UV-250 contag 
Tiography is used ' achicre o taper widh 1. of less than 
030 om. The opical mode is mansferved o the passive wave 
uiding laver localized under the arive layer, forming a narrovs 
spot and leading 10 reduced fa-fied optical beam divergence. 

Monolithic 1.56 ym InP-based VCSEL 
1. Debroy ol o, Phofgncs T Lt 1999, 117 . 770; 
€ Kozmierskief ol Elec Left, 1999, 35[10), p- 811 
o wavelengh VCSEL 1 1.3 nd 1.5y v e 
e ks and 2 orays. CW opesion s been demon 

it o resit The ey i 0o i oty il 
ol i low st condtiviy i the Brg miror 
Sk Receny Al demonssied CW operation of 3 
Soonliic 1AGAASP - based VCSEL it & GaASAIAS 
lipes i S (303, 361 These papers from France Telcom, teport the. fin 
ol VCSEL i e INGRAIAMAATAS sy e 
aiched o Lo Th deices e rowt by LPAOVI an 

1ot s 435 prkodso 12 NGAALAS 1 10m TnA A, The e pypemittor had 35 HGRAIASTOALSS Pl Wi G 

TAAIAVERGUATAS e he GaAlAs i abandp v Jenglh of 1,43 m. The s did ol reuie. goded e 

75 kalem. 

Monolithic 1.22 ym GaAsSb VCSEL 
T Anan et o, lec. Lot 1999, 35(11), p. 903 

his paper, from NEC, reports 122 pm VCSEL with o 
GuASSh QW activ layer grown monolithically on Gads, 

‘which exhibits palsed operaton at room temperature. Device 
sructures were grown by gas-source MBE (AsH, solid Sb) 
and consised of 4 255 period AlASGaAs Si-doped DBR. 
bottom mirron and an 1¥-period Be-doped top mirror. The Au 
iode augments the eflectivty of the top mirror, and short 
period superlatices were ised 1o produce effctive grding of 
the AIASGaAs intefaces. The A-thick cavity contains two 7 
1 GaAsqgShss QWs with 30 nm GaAs barricrs., cmbedded 
i grded AIGaAs lavers, The wafer s paterned in0 8 
simple botom-emitting mesy structure it 25y squa 
mesas. The threshold current was 20 mA, cquivalent 1o 
threshold curent density of 32 KAreu, and the lasing 
‘wavelength was 1219 . The authors predict it St-hused 
VCSELs withitwavelength of up 1.3 ym could b fybricaed 
by increasing the Sh content in the QWS and using s 
compensation 



NEW DEVICES o 

Watkins-Johnson GaAs FETs 

Milpitas, CA. Watkins-lohnson has introduced two 
GaAs MESFET RFIC amplifiersimixers, The FHI deliv- 
ers a hird order intereept point (OIP3) of +42 dBm, a 1.2 
B noise figure and 18 B of gain up 10 3 GHz. The FHE] 
offers +39 dBm OIP3, 4 2.4 4B noise figure and 12 4B of 
ain from 3-6 Gtz 

Toshiba Announces RFICs, MMIC Family 

Irvine, CA. Toshiba America Electronic Corporation 
has infroduced two new RFICS for the frequency range 
50 MHz 10 1.9 Gz, The MT3S03T and MT3S04T 
ture a voltage operation of only | V. It has also 
announced cight new MMIC modules covering the 
1.9-2.0 Gz L-hand (the S9751A and $9782). 58-7.2 
GHZ C-band (the TMDS872-2) and 10-13.3 Gliz X- 
band (the TMID1013-1). The three ICs in the TMD1414 
series cover the 1375 14 GHz range, and the final 
device is the TVDI4152B for the 144154 GHlz 
band. 

Gahs HBTs from RFMD 

Greenshoro, NC. RF Micro Devices (RFMD) has 
introduced tvo new GaAs HBT devices designed 
for 3 V' operation, The RF2157 delivers 25 dB of 
Jinear gain and 26 dBim linear output power wh 
operating at 35% CDMA lincar efficiency, and 
0% TOMA linear effciency while delvring 30 
dBm of linear output power. The RF3101 provides 
20 dB of linear output power and 24 dB linear gain 
while operating at 38% finear efficiency 

Hittite 5-bit Digital Attenuator 

Woburn, MA. Manufuctured by Hitie Microwine 
Corporation. the HMC235Q $16G 5-bit surface-mount 
digital atteniator GaAs MMIC allows rapid seting of 
attenuation levels via TTL over the bandwidth DC- 
‘4GiHz. Attenuation levels range from 131 dB. 

Infineon SiGe Transistor 

Munich, Germany. Infineon Technologies has 
introduced is first SiGie RF transistor. The BFPG20 
is desined for wireless applications such as LNAS 
and VCOs operating at 1.8 GHz At 3 measurod 
volage of 2V it features a noise figure of 0,65 d 
& power gain of 21 dB and input capabiliy (IP3) of 
10 dBm. 

M/A-COM Schottky Barrier Diode, Digital 
Attenuator 

Burlington, MA. MIA-COMs new Schotky barrier 
diode is designed for use from 50100 GHz. The 
MA4E2038 adds 10 a family of Schotky diodes and 
i suitable for point-to-point radios, dutomotive radar 
systems and radar detectors, delivering a total capac- 
ance of 0,032 pE. For microwave and millimeter- 
wave applications, M/A-COM has also released the 
AT226,new -bit, 15 41 GaAs MMIC digital it 
uator 



NEW DEVICES 

i ifi TriQuint Introduces 1.6 Gb/s New Package for Celeritek 3 V PCS Amplifier Closspoint Switch Is 

Santa Clara, CA. Celeritek has nnounced a leadicss chip ca g 
Fer plastic package megsuring only 4mm x 4mm x 1.65 mm Hillsboro, OR. The TOS34 is o 
high for its recently introduced CMMO330 linear PA for ope: new 34 x 34 erosspoint switeh from 
ation i the §24-938 MHz range. The new package takes 30' TriQuint Semiconductor. Designed 
less space thin converntional pack- for data rates of 1.6 Gbis (which 
ages ‘Also.announced is. the include Gigabit_Ethernet. Fiber 
CMM3354 MMIC suitable Channel and ATM/SONET/SDH 
for_operation up to 3. applications), the TQROM  features 
GHz, The_device fe output rise and full times of less thin 
{ures 7,75V operation, 220 ps and 2 jitter value of less than 
424 dBm inear output T0ps 
power and 30 d gain 
atthe opersfing curren, 

PAs for Millimeter-Wave 
- & ti from Sands Watsushita Optical Transceiver ommnictons o Sen ey 

Module, Quadrature Modulator IC Nashua, ~NH. Sanders has 
announced six new pHEMT GaAs 

Kyoto, Japan. Matsushita Electronies Corporation has developed an opii- MMICS for the 26, 30 and 38 GH fre- 
cal trnsceiver module featuring a buili-in preamplifier, The module  queney bands, The SGPA-DTXXX-CC 
employs fiber-cmbedded lightwave cireuits and hybrid integration of & ange features the 07006-CC and 
recciver preamplifier IC. The company has also announced o quadrature — 07007-CC for the 37-40 Gtz range 
‘modulator IC capable of low distortion, digital-signal direet conversion into  which provide 1.5 W (9 dB gain) and 
a2 GHz transmission frequency buadwidth for use in the base staions of 0.7 W respectively, and the 200 mV 
W-CDVIA wireless communication systems, O7008-CC for the 38 GHz band. At 

lower frequencies (2933 GHz), the 
07016:CC and 07017-CC devices 

Vitesse V-Frame 2.5 Gb/s Chipset Family Expands defiver 1.8 and 400 mW, respectively. 

chipset devices. The VCS 9112 dual mode CMOS device complements i 

2.5Gb/s SONET ATM Mitsubishi Leadless Surface o 
2.5Gbis. transport - Sunnyvale, CA. Mitsubishi Elec- 
mination _ transceiver ironics America_has unveiled the 

devices in_the VCS Mlicatiogs and ore ovadlabisiil 

61 i pm and W 

data rates. Finally, the 9210 is a forward error correction (Ht ) 2. M\ - i ; 



NEW DEVICES 

NEC Oscillator/Amplifier, High-Power Switches 

Santa Clara, C: California Bastern Laboratories (CEL) has announced the NE72218, a new GaAs MES- 
FET from NEC. The device is designed for oscillator and amplifier 

applications and features an output power (Pygg) of 15 dBm at 
12 GHz and a phase noise of 90 dBe/Hz (at a 10 kHz off- 

set). In addition, the company has added three new GaAs 
single pole, double. throw switches (the UPBISITB, 
UPBIS4TB and UPBISSTB. family) with insertion 
loses raning from 03-0.6 4B and iy power o 
puts in the range 30- 

Anadigics Switches for Wireless Applications 

Warren, NJ. A line of single-pofe double-throw reflective 
GaAs IC switches has been introduced by Anadigics. 
Serving wireless applications from DC f0 3 GHz. the 
AWSSS0IST3, AWSSS03S15, and AWSSS04S13 allow up 
10 =38 dBm input power at 1 dB compression and can 
hannel incoming signals with  third-order inercept point 
(OIP3) 0f +55 dBm at 1.9 Gz 

Alpha Introduces Attenuators for 0.5-3 GHz 
Range, GSM Synthesizer Switch 

Woburn, MA. Alphs Industries” new GaAs FET di 
tal attentators for the 0.5-3 GHz fange feature an 
attenuation aceuracy at | dB teps 10 15 B (part num- 
ber AATOS-86) and a1 0.5 dB steps t0 15.5 dB (part 
umber AA106-56). 

Alpha Industries has also annouced the ABI00-00, a 
GaAs FET-bused synthesizer switch for use in GSM 
base stations in 4 surface mouniable BGA packag 
Designed for the 0.70-1.1 GHZ range. the module is 
SPDT (single-pole. double’ throw) switch which 
mplays three GaAs ICs mounted on an impedance. 

contralled substrate. 

Base Station Amplifiers from Raytheon 

Andover, MA. Raytheon is supplying i new PA. for 
base station _applications, The RMBAI19620 is 
designed specifically for PCS/DCS 1800 Miiz opers 
tion and offers a 5 W linear output power at 42 dBe, o 
PAE oF 227% and small signal gain of 30 dB. 

GahsTEK Amplifier and Front-End Solutions 

Roanoke, VA, GaASTEK has announced six nw 
devices The ITTZ301AF, TT2303G) and T12302GF 
e PAS for 2.4 G applicaions. The ITT2301AF,for 
example, provides +26 dBm output gain at 3.6 V. The 
Other thice devices. for C-band sppiations. include 
the ITTGAOIEM, TTTRA0IEM and TTTRAOZFM, The 
TTTG0TEN (4571 GH2) eatures a Py, power out 
putof £33 dBm, PAE of 40% i lncar gt of 18 a5, 

Motorola Integrate PAs for Single-Chip 
TOMA Phones 
Phoenix, AZ Motorola has integrated tweo complete 
PA chains into  single chip design, The pHEMT-based 
MRFICIBS6 can operate at both $24-840 Mz 
(TDMA/AMPS ccllular handsets) and 1850-1910 
MHz (PCS TDMA phones). Adjacent channel power 
‘and alternate channel power specifications are -29 and 
48 dBe, respectively for both TDMA and PCS 
TDMA applications, PAE performance is 45% for the 
800 MHz band and 35% for the 1.9 Gz band 

Compound Semicndicor S0) o v 1998
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For a Winning Partnership, 
Team Up With the Best in 
Compound Semiconductor 
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wiicturing s 
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S o e oy o G MOV i D 

Outsourcing - the key to long term 
success 

¢ cpienfer manufcturing will be o key 

of outsors 
e madel dopted I succcesiul mature o 
and in particular to what has happencd i 
industry over the gast three sears, 
manficturers found (o their cost that investing i espes 
sive, Inchouse fsb capacity without having o colicrent ou 
sourcing policy was i very painfil exp 
i outsoureing significant parts of thee 1€ 

1o specialist “pure play” I 
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i1 Erioss 
95 9 s 

e R 
 somanan 

Toundics, who ca it the 
riskcand reduce customes’ costs 
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view of the same fssic 

fcturing capability, Now howeven 
almost oo malt the e ow s Siraies, ecanse i o loner makes 

experti i s, the aloe 
e Sty high 

iy it reuircs b e 
eximent n pgpment and il 
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sy s t00 expensive” s miversal lument. The 
st wa 0 bring dowen the per-safer cost s (o generate 
ccnnomics of sal, allowing end markets o be accessed 
more casily and grow more rapidly. 10F, by being the 
Tariest “prar plas™ foundry, wil b nof oy he cost 
Jearler, bt also the techmalogy leader, The company wil 
e able (o imest more in epitisy rescarcl and develop: 
ment han most comparics can or are willng 0 aflord, 
iven heir core business Tocus, 

Pure Play - no conflicts of interest 
s only one focus: (0 be the leading epiy 

suppli worlduide. The company puts @ high val 
115 relainships wit Its customcrs, und gocs 10 great 
lengths (0 avvid any potential conlicts of nierest 
Thercfore, 1Q) s no downstream acvities, such s 
device or component manufucturing, und us i resull there 
are o thredis 1 the customer's ntéliectual propery or 

tiaity. Unlike mang of 1s campetitors, where 
working relatimships are compromised by o diterse 
focus on other detivitics, 10 has established the 
strongest possible relationships with many cusiomers 
who valie the oeus and comitment that workdng wid 
10F rings. 

capacity 
108 i currntly in  phase of rpid expansion. In 

Cardil, Unied Kingdom, 10F has csiablished a long 
e preliase and Stratcigic prtaceship wilh Aisizo, 

with production due i the fourth (uartcr 
lchemn, P, 01 i n the 

process of contmissioning the ndustry's fest muvafer GMBE machine, the VG Scacon VIS0, This will I in 
production by (he fourth quarter of (hs sear, and  sec- 
il V150 s sleduled for nstalation b he fest bt of 
500, 

missioni 

New product pipeline - HBTs, Red 
VCSéLs, and many more. 
products, I, A(\llHlqu‘Auhrmflm\\ and improved pw\ 
Wcts o the market. TOF wil continie v in the 
s o e able o ffr s customers stae-ofhe-art 

10€ manufocturing focly in Cordif, UK 

ED's V150 muliuofor MBE system - the Industry's 
st mull6° wofer MBE systom, 

10E has already established state-of-the-ar prodise: 
tion processes for both GalnP and AlGaAs C-doped HETS 
T MOVPE sl C-doped TIBTs by MBE, With a st turn 
atound, Jarge arca qualification prixess, cusioniers 
‘access the highest quality materials with guarunteed per- 
formance levels. Multiwafer 4" xersions of both fypes are 
bl it ol 6° 1T shedled o prode 
tion in Q1 1096 

10€ - your natural epitaxy partaer 
With an wpnralleled fovel of expertise product range 

ot g capsbilis, Q1 et o 
ness clecivencss, 

For a winning portnership, team up with the best In 
compound semicanductor epity Coll us now or 

visitour website ot ww Eple o 
€uropean Headguarters: 
TeL: +44 1999 794 422 
FAX + 441292 779 99 

emall: mscott@epitoriakproducts co.tk 
US Hoodquarters: 

TéL: +1 610861 6930 
FAX +1 610 861 5973 

email: info@qecmbe.com
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ARSINE cenerators 
Eliminate hazardous compressed gas cylinders with AsH3 

produced on site, on demand. 

> Low Pressure 
7 No Limits On Gas Siorage 

Shipment By Air 
hest Purity Available..»99.9999% 

| > Easy Installation..No Safety Approvais 
Folly Automated 

> Low Price Per Gram 
> Proven In Production 

Electron Transfer Technologies, Inc.
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Resistless Patterning 

KUMAR SHIRALAG and RAYMOND TSUI 
Motorola Labs 
Tompe. AZ 

temned in onder o define areas for such sieps as crystal 
erowth, eihing and metalization. Conventionally, photo- 

esist i used 10 pattern the wafer surfice, and usually Tesist is 
nly used usan inemediate step 10 transfe the patet on 103 
more stable axide ar nitride mask. This repor s on & nove pat- 
ferning echnique fo modify the surface itseIf into forming 3 
mask suitable for subsequent processes, Paticlarly,the combi- 
natlon of resistless pattrning of Gads and selective growth of 
mateeial i the mask openings fn a chemical beam epitaxy (CBE) 
ystem Jads ta unique sruetures and fabricaion processes ot 
casly posibl atherwise, The ahsence of photoresist n certain 
Semicandocor processing flows brings sbout many wvantiges 
such as cleanlines, fvier process seps, limintion of certain 
chemicals, enancement in yield, and improved compatiilty 
with clusér tools. 

Inl)pml semicanductor processes, wafers are repeatedly pat- 

‘The Patterning Process 

A Gahs surfaceis known to have s native oxide approxi 
mately | thick. Exposure 10 lia-violet (UV) ightn  oom 
‘ambicar. modifes the native oxide into 8 more stible oxide 

1:5-20 nm thick (measure by ellipsommetry). As observed by 
reflction bigh encrgy clctron diffraction (RHEED) in 3 CBE 
system, the native oxide desorbsat SK0°C whereas the UV-mod- 
ified oxide desorbs at emperatures above 645°C. Based on . 
tay photocleciron spectroscopy messurements. we bypothesize 
that the native oxide consiss mainly of a thi ayer of GaASO), 
Whereas  thicker and more stable 2,0, conributes 0 an i 
creased desorpon ermperature in the UNcanodified cuse”, 

“The paterning process was carried aut utlizing a colli- 
mated 248 i UV lamp. A GaAs wafer was placed under 
chrome-on-quartz mask typicaly wsed in semiconductor itho- 
graphy and exposed 10 UV light under  room ambien for 
bout 3 minutes 10 modify the GaAs native ovide. In contras, 
the conventional resis process of patierning nitride imolves 
the depositon o a thick mitrde layer followed by s mumber of 
process seps using various chemicals and elaborat clearing 
procedures. Successful resistless paterning was verified by sc- 

el the native oxide region with wet or 
dry (ehlorine based) chemisiry o dephs ercaer than 100 o, 
The patterning process s shown schematicaly n Figure | 

K. Shialagi, & Tt and H. Gorin, App, Py Lt 199,71 (2 
P i 
S8 Composnd Semicondico 6 Jaly Augort 1999 

248 A OV Tght Ghroma-on 
uartz mask 

~— Naiwe oxde 
(Gane) 

7 "~ Gans 
UVemodiied oxda (G2,04) 
N | g oseen 

® 
Selocive growth i T<645°C 

e Soioctve 
g 

© 
Figure 1. Schematic of the resistless patterning process. 
(@ The mative oxide on Ga s is modified selectively by 
expoare o U light throtagh sk ) The uneposed 

desorbed, leaving o surface patierne 
0 The £V modified wxide act 

etching or growth (below the de- 
Sorption temperature of Ga;0,). 

Selective Growth of InAs 

Typically, selective ar 
performed by firs pattering 
or nifride mask and subsequently growing only in the ex 
posed areas of the patterned wofer. Any contamination on 
the mask can act as 4 nucleating sie for atoms during SAE 
and impede selectiviry,resulting in the deposition of poly 
erystalline material on he mask. This changes the emissiy 
ity of the wafer surface and causes the growth temperature 
(a8 measurcd by optical pyrometry) 1o drift out of the sc- 
lective growth process window. This probler is commonly 
scen in the SAE of InAs, It s thus imperative that atomi- 
cally clean patterned substzates be used. Incidentally, it is 
extremely difficult 10 obtain an atomically clean surface 
ver Targe areas afer using  resist process 1o pattern the 
wafer, This situation essentally led (o the development of 
the present process wherein the semiconductor sirface it- 
seif is optieally maified to act as u mask for subsequent 
processing. 

A wafer pattened by UV exposure through the chrome- 
on-quartz mask was loaded into the CBE systern and heated (0 
SH0°C to desord the mtive oide, resulting in window tegions 
of clean GaAs as observed by RHEED, The rezions with 
G220, remain intactand actas a mask for SAE n the exposed 

epitixy (SAE) an GaAs is 
wafer with a silicon dioxide 
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windows, The wafer was cooled o 
ahout S00°C and selestive InAs grown. 

InAs can only be selectivel 
grown in @ narrow range of temper- 
ture (10-15°C) and V1l ratio. Several 
factors such as the type of subsirate 
(semi-insulating or conducting), type 
of mask (niride or oxide), surface 
condiians, doping and hot sources 
inside the growh chamber all affect 
the surface temperature during 
growth. Thus it is very challenging to 
Kee the growth conditons in the nar 
row window necessary 10 abiain InAs 
with 100% selectivty. Several o these 
problems are alleviaied or in 
cases climinsted s a result of the use 
of the new Ga,0, mask, The inherent 
cleanliness of this mask and its mini- 
mal effect on surfice emissivity con- 
tribute 10 the ease of growth of selec 
five Ins. 

Resuls of the selective growth of 
1 jm thick InAs are shown i Figure 2 
The SEM im 
tivity achiey 
mask. resulting in the g 
InAs without damaging the mask or 
causing any nucleation over it. Very 
smooth (101) sidewalls were obtained 
for lines along the [010] dircetion as 
shown in Figure 2a. For features ori 
ented o 

e obtained 
\without the formation of higher index 
facets, In contrast, lines in the [011] 
direction (not shown) exhibit the for- 
mation of (1) and (311) facets as 

alls. Facet formation is a result 
of the net growth rate in cach crystal- 
lographic dircetion, which in trm is a 
function of the V/1I ratio. substrate 
temperature, shadowing effect due to 
arientation of the lines, eplraxial layer 
thickness, and the sotrce-substrate 
seometry 

Using a simple collimated UV 
beam and a chrome mask in contact 
with the wafer during exposure, it wis 
possible o pattern sub-micron size 

atures, ¥ 
tional SEM image of selectively grows 
InAs for lines patierned in the [011] 
ditection on GaAs, The spaci 
betyeen the fines s fess than 300 nn. 
demonstrating that the smallst. fes- 

Figure 2. Selective InAs growth on resistlesly patterned Gads wafers. (1) 
shoves a line along: the J010] direction, while (b) shows squares with a vert- 
cal fucet for orientation along [011]. 

ures available on the mask were repro- 
diced 

Device Demonstration 

Atorie scale resist residue lef 
bekind cven after thorough el 

e device. performance by e 
causing high contact resistance, gate 
leakage and degraded breakdown, The 
cambination of SAE and reistiess pat- 
terning eliminates the use of photore- 
sistin the defintion of source, gate and 
drain during MESFET fabrication. as 
demonsrated. here. Consequenty, the 
chaninel regions were protected.from 
expostre o resistand associated cheri- 
icals Photoresit was only used here 1o 
carry out contact enhancement afler the 
fabrication of he device. This approuch 
opens up opportunities for in-Siu fabr- 
cation of novel struetures, and for ol 
Iy insity fabrication of devices in 4 
clustr tool 

The process flow is schematieally 
shown in Figure 4. The MESFET struc- 
e (with heavily n-doped GaAs cap) 
wus first grown by MBE and then 
resistlessly pattened. Next, | um thick 
Si-doped InAs source and drain contact 
regions were sclectively grown using 
CBE (Figare 40). A sidewall spacer vas 
formed by deposition ofslicon dioxide 

500 o 
Figure 3. Sub-300 nm_spacing 
Between selectively grown Inis 
lines, 
all over the wafer (Figure 4b), followed 
by an anisotrapic dry etch (Figure 4c). 
The gate rogion was recessed with & 
wet ctch (Figure 4d) and subseaquently, 
source, drain and gate metallzation 
was formed i single-step evaporation 
process (Figure de). Both the later 
steps were carried out without the need 
for @ mask. Alumimm forms a 
Schattky contactin the gate region and 
{zood ohmic contacts 1o the heavily - 
doped InAs in the source and drain 
egions. respeively. Once the device 
was completly fabricated. i was ov-
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image of & narrow gate length FET is shown in Figure Sa 
The 1V characterisics of one such device are shown in 
Figute Sb;this device had a gate length oS jum (probed with- 
out contact enhancemen). The contact resistance betwe 
GiaAs and InAs with Al contact metal was subsequently re- 
duced 1 better than | ohm-mm with multple Si delia-doping 
ofthe GuAs pror to doped InAs growth, 

Resonant interband tunneling diodes (RITDs) based on 
the InAS(ALGaSb material system were also demonstrated 
wsing SAE and resistless patterning, The inability to grow the 
thin (3 i) AISh barrier ayer selecively caused some mucle- 
ation on the mask during the top InAs contact layer arowth 
Nevertheless,the selecive RITD exhibited negafive diffee 
tial resistance with characteistics comparsble 0 those grown 
on planar substrtes. 

In-situ Mask Removal and Regrowth 

“The thin masking oxide also enables in-sitt removal, 
wsefil i certain applications requiring re-growh, Since InAS 
s not sufficiently stable a the high temperatures needed for 
thermal mask removal (645°C), an easier method is o ctch 
the mask using CBE-compaible gases, In the SEM cross- 
seetion I Figure 6, the mask was etched ofF by exposing the 
surface {0 riethylgallium for 3 few seconds, Free galljum re- 
acts with the Gia,0; mask and eventually erodes it Once the 
mask was removed. GaAs vas regrown {0 surround the sclec- 
tively grown InAs, forming an embedded structure 45 shown 

Selective GaAs was also grown using tri-isoprops zal 
fium, This process aflows the use of lower growth tempera- 
{8 compared o o vain reiylgalliums, and hence T 
duces the reaction rate of Ga with the mask, but il resuls 

Srcone Weteion i 
‘Gak WESFET Bovee! 

® @ 
so. ¥ s 4 o 
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® 
) irde T e 

i i 

© ® 
Figure 4. Process schematic for esistess MESFET fabri- 
cation. (u) Selective deposicion of n-In-As source and druin 
contact regions, (5) Si0, deposition, (&) anisotropic dry 
etch, (d) wet etch, (e metulliation, () nitride deposition. 

Figure 5. (a) SEM picture of  fubricated MESFET 
() IV charactersisitcs of a S ium gate lengih depletion 
mode MESFET for gate voltuge ranging from 0.8 V 10 
22V i steps of 0.0 V. 

in the show erosion of the mask at the edges. Initial attempts 
demonsirated the growth of greater than 200 nm of GaAs b 
W02 1 otz et deeatiion st e cless s 
subsequent ervsion. Afler the SAE of GaAs, the mask was re- 
moved in-situ by heating the subsirate 1o 645°C 
senie flux. In contrast, a raditional silicon dioxide or nitride 
mask would require harsh, x-situ, wet o dry etch procsses. 
Once the mask was desorbed. gronwth was firther continued 
10 embe the caricr grown siructure in AIGaAs. These stuc- 
tures allow for insnce, the one-step fabrication of GaAs 
AlGaAs waveguides, which is o uscful process i opt 
tromi device fabriation. 

Growth on Facets 

In another demonsiration of the application of this 
technique, InAs was selecively grown only on one side 
wall of an eiched mesa. First, a GaAs substrate was con 
ventionally patterned and efched ta form mesas. Next 
these substrates were exposed to UV light at an angle such 
that one of the side ficets was comiple 1y shielded from 
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Figure 6. Following selective growth 
of InA (rectangular shape, center), 
the oxide mask was removed in-its 
allowing regrowth of Gats 10 form 
an embedded structure. 
diteet Tight exposure and was in the 
shadow of the eiched ridge. All 

sed surfices resuled in & modi- 
ssk while the unexposed 

regions were left with the original 

native oxide. Upon heating in a CBE 
system. the native oxide desorbed 
from the carlier shadowed side-facet 
and the remaining Go,0s remained 
intact. Selective InAs was grown 10 8 
thickness of about 100 nm as shown 
i Figure 7. Nucleation was only seen 
n the side facet. In contrast, 4 region 
on the same wafer that was not 
exposed 10 UV showed growth every- 
where. Even though thick InAs was 
grown in this study to facilfate eisy 
imaging of the sidewall grown siruc- 
ture, it is obviously possible 0 grovy 
thinner [nAs to only form quantum 
dors or wires. 

Summary 
The one-step resistless patterning. 

process on Gas simplifies fabrication 
processes in cerain applications and 
allows the fabrication of novel stsuc- 
ture in others, Further effort could 
cnable the use’of this technology in 

ICSCRM’99 
International Conference on Silicon Carbide and Related Materials 1999 

Ocloberm 15, 1999 

In this international conference new research results in the field of wide 
bandgap semiconductors such as SiC. IIV nitrdes and related 
semiconductors will be presented and discussed. Topics willinclude, 
but will not necessarily be limited to: 

« Bulk growth 
« Epitaxial growth 
« Device processes (such as implantation, doping, contacts, etching, etc.) 
« Devices (such as power, high temperature, high frequency, sensors, etc.) 
« Material properties (such as structural, electrical, optical, defects, etc.) 
» Surfaces and interfaces. 

Figure 7. This GaAs mesa was 
exposed 1o UV light from the direc- 
sion of the top right hand corner, 
forming a modified oxide mask on 
the exposed fucets. Inits was grown 
selectively on_the unexposed lefi- 
hand fucer 
manufucturing applications conribut- 
g 10 cost savings, yield enhancement 
a0 it rlsted benei 

e e 
ICSCRM '99 
e News 

Absiract Deadiine: 
‘Soptember 1, 1999 
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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 MEVER 

cabmaking in the compound 
e ey S oraan B amageme 10 Encor seems o bs vind i s it 0 art T 1 I T, e th Somere, NJrbsed Company i emeed i B¢ vt e 

complaiy o longte urchase 

o G iy s o o oo comany 10 sipand beyon s 
MOCYD. sytems_—ty movi. 

{hes o ket o bt g procs and higher proit s e sipmen b T il il ooy he Induty s 
attempicd o sel equipment, Emcore Results, 1992-1999 riure 1 
el and dvias on 3 028 | 50005 s 

7 s000 s 
SemeraiMutorsSartr | § qansen £ 

Emcore’s first fors i | 3 520000 ey 
sl of compound semicondie | & (830000 

s10.000 i 
s camein 1997, en | €7 [N} S 
the company began shipping epi- 1L (ss0.000) 
tavialInSh dic 1 Genera Motors FEFFFEH B 
for use in MR sensors. GM had oMb, 
developed the devices i their 
R&D fab. Afer an nsuceesshl | 
attempt (0 el up its own epi- | S 
e production capablty, GM | S Comeen e 

Hicensed the technology to Emcore. The 
deal s nov-exclusive,allowing Emeore (0 
el MR semsors based on GM echnolo- 
£ to other companies. The division that 
produces the MR materials is known as 
EED—Emeore Elctronic Devices. The 
produet name is Pegasus. 

“This transacton has e the corner- 
stone of Emcore’s maferalsdevices effort 
o G s secouned o roughly 
Ralf of Emcore’s materils e 
nue and 10-15% of Emeore’ total ev- 
enue since 1997, 

In October 1995, Emcore formed o 
joint venture called Enck, Their pariner 
s Optek Technology: a packager and dis- 
ributor of optoclcironic devices based n 
Carrolton, TX. The goal of the venture s 
0 expand Emeores customers for MR 
sensors—in particular, fnding othee cus- 
tomers than GM in the automotive field. 

51 CompoundSemicanducto ()l vt 1999 

In'May Opek was acquired for $200 nil 
Tion i cash by the Dysan-Kissner-Morar 
Corporaton, & holding company it 
ather intersts in the automorive field 
This transacton is not expected 1o effee 
Emick 

The “Big Three” 

Emcare’s hopes of expanding thel 
materials and device business are ted tc 
major elforts in the areas of VCSEL 
solar clls and LEDs, 

VESELs 
fn Decermber 1997 Emeore acqirec 

MODE  (Miero-Opical  Devices), 
Albuguerque,  NM-based  company 
formed by former ermployees of Sandic 

National Laboratory. The all 
stock deal was valued at $323 
million, At e time of the acqui 
sition, MODE had o products 
but did have six VCSELrelatec 
development projects it 
progress. Emcore subsequently 
narrowed the company’s foeu: 
onto two products for the Cigabi 
Edhernet market: “Gigaluse”, & 
discrete high speed VCSEL 
component for serial fiber opic 
applcations, and “Gigarray’ 
artay of VCSELS 10 he ued 
parallel optical interconnects 
The Gigalase product o 
moved im0 production it 
February 1998 and the Gigarray 
product was moved info prode 

3 
i 
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tion in December 1998, In Sepiember 
1995, Emcore signed a four-year pur- 
chase agreement with AMP Incorporated 
1o provide VCSELs fora family of o 
cal trnsceivers for the Gigabi Eihernet, 
FibreChamnel and ATM markets, The 
deal obligates AMP 1 purchase 0% of 
their VCSEL requirements from MODE, 

Solar Cells 
Solar cells have been imporiant 10 

Emeore for severdlyears. The Spectroly 
division of Hughes, on average,accotnt- 
e for more than 5% of Emeore’ rev- 
enue in the throe years from 1996 o 
1998, Spectrlab and their ival Tes 
arethe undisputed top prodcers oFcom- 
pound semiconductor solar cells for 
satellite applications. Spectrolab pur- 
chased bath MOCYD systems and epi- 
taxial material from Emcore in he pos, 
However, now that the company. has 
uil-up s own in-house capabiliy pur- 
ehases.from Emcore have dropped ofF 
sharply. 

Therefore, Emcore found new purt- 
ners. In Novensber 1998, the company 
signed a fouryear purchise agreemer 
with Space Systems/Loral ta. provide 
compound semiconductor solar cels for 
Loral satellites. The newly formed 
Emcore Photovoliaes dvision—EPY— 
began shipping to Loral o limited basis 
in June 1999 

EPV fist advertised produc is an 
TnGaP/GaAwGe tandem junction solar 
el providing 23% offcincy. In addi 
tion 1o it contract with Lor, Emeore 
also las an agreement sith Lockhoed 
Marin Missles and Space 10 participate 
in a cooperative RAD agreement 
between Lockheed Martin and Sandia 
“The goul is commercialzaton of a new 
Hhigh efficiency compound semiconductor 
solrgell 

And in November 1998, Emcore 
formed. UMcore, a_ joint venture with 
Union Miniere 10 explore new and iner= 
sting uses for Ge substaes in compound 
semiconductor epiaxy. Union Minier, 
‘which i hased in Belgium, s the largest 
supplie of high purity Ge and Ge sub- 
strates. Ubeore aunched ts R&D opera- 
tions at Emcore's headquartes n January 
1999, Emcore ol has  lon term supply 
agsecment with Union Minicre for the 

supply of germanium for Emcores solar 
i el eon, 

LEDs 
In February 1998, Emcore and 

Uniroyal Technology Corporation formed 
Unirosl Opto-cectrnics (LOE), & oint 
vemiure 10 manuficture high brighiness 
LED  epivafers and package-ready 
devices. VO recently opencd o new 
facility in Tampa, FL. While the venture 
s capuble of producing the full spectrum 

of visible LEDs, the current cmphasis 
seems 10 be on blue and green devices 
InMay 1999, Emcore and General Electric 
Lighting formed Cileore, a joint venture 
o develop and market whie lght LEDs 
o sofid-state lighting applications. At 
presen, Emcare s develaping proprietary 
enitte designs forthis venture. Bothcom- 
punies have agreed that Geloore will be 

eady  their excusive ehicle for addressing the 
solid st lighting market. Ficore can 
continue 0 sell MOCVD rectos o ofher 
LED companies—and even sell @ basic 
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LED companies —and even sell # basic 
blue LED production process, s t did in 
the case of UOE. However, the R&D. 
work curtently under way specifically 
or Geloore will emain proprictary. 

Emcore hus the capabilty of sup- 
plying small volumes of biue LED 
chips from its faclity i Somerset 
When Geleore is ready 1o move prod- 
uels into production, it s believed that 
UOE will have the “inside-track” on 
supplying production volumes of bluc 
LED chips, even thovgh the deal is 
non-exclusive on this point. 

Other Materials 

In addition t0 the above, 
Fmcore recently made is firs 
high-profile. push_into RE 
materials. In May the compa- 
oy announced that it had 
signed a long-term ugreemment 
with Sumitoma_ Elestric to 
jointy develop andproduce 
InGaP HEBT waters which ill 
be manufactured at Fmcore's 
headguartrs in Somerset, New 
Jersey, and which Sumitomo 
Electrc will market in Japan, 
Shipments of sample volumes 
of materials_commenced in 
June 1999, The waters are 
produced by Emcore’s E2M 
division, which fays claim o 

600 
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Bt there are many issues hat will 
ase 10 be addresed in the executon of 
this plan, The most obvious i the need to 
provide retun on insesiment. While 
Emcore has demonsirated uncommon 
abilly 10 mise fnancing, it has & poor 
rack regand with regard o profabily 
Since 1992, the company has had only 
one profiable year-—sec Figure | 
Fmeore’s cumulative deficit over this 
period is in excess of $67 millon, with 
especialy heavy losses st year For the 
most recent quirter, ended June 30, the 
company reported a net loss of $5.2 mil- 
Hion on sales of $17.7 millon 

VCSELS, Solar Cells, Blue & Green LEDs igure 2 

I al 
o 
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VesELs 

Solar Cols” 

Blue & Groen 
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d 
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the tite of “world's fargest manufactur- 
er of epitaial wafers y sirtue of the 
fact that thy supply the epiaxial matc- 
ials for many of the efforts menioned 
sbove—especially the MR 
sola clls, and LEDS. But they have not 
been prticulaly active—thus far, 4t 
Teast—i the market for providing cus- 
fom epinafer growth services. Insicad, 
Eme s overall emphasis has been 
more on their own structures and 
devices which can be sold more 35 3 
product than as u service, 

The Road Ahead 

“The above details an ambitious plan 
that wil take Emeore into virually eve 
sectar of the compound semiconductor 
industey outside of long-haul telesom 
asers and optical data storag 

Emcore President and CEO Rucben 
explains that the recent loses 

were necessary fo allow the company to 

252 percentage of 
revenve, fas been signifcani In 1996 
and 1997 it was 19%; n 1998 i was 38%; 
and in the fist half of 1999 i reached 
0%, 

Richan 

move int the materials and devi 
kets. R&D spendin 

g out the manufactur 
and now we have four f 

time in 2000 
@ ComuundSemicomaco () /v 199 

sgnif 

|6 

technology. I contrast he says s recent. 
Iy a5 six monhs g, 
siastc about the shortterm prospecs. 
The change is duc 10 the eceipt, within 
the fast two months,of two orders which 
Richards says e of a “substantial” mig 
nitude, and_ which should g 
MODES profitabiliy 

“Now we are secing signs of lfe 
Richards says of the VCSEL mirket. 
‘More than that the orders are com 

ant volumes now— insiead of the 

Markets and Risks. 

As the new parts of the company 
o, Emcore’s equipment business will 
shink os & percentage of ol evenues — 
although Richards expects i 10 grow in 
absolute terms. Wil the br 
curtently 70% equipment/30% materils 
and devices, in two-to-three years that 
o could be reversed. 

“The new businesses should provide. 
Emcore with 4 much arer murket oppor. 
funity, Whereas the market for MOCVD 
cquipment s fess than S100 millionyear, o 
ecent foreast predicts that the combiney 

down is 

markets for the “big three 
areas discussed. previously 
blueund green LEDs, VCSELs 
and solar cells vl excead 
$1.3 billon i three yars ime. 
See Figure 2. It should he 
oted tha this forecast wa 
offred by Jessup & Lamon. 3 
Brokerage firm it close s 
toEmeore] 

Howeer, cach of these 
product areas also presents 
Some serious chillenges 

The VCSEL market has 
ths far, cvolved much more 
sowly than expected. The only 
substuntialapplication  for 
VCSELs at this tme is in 
s data communications 

systems. where they hve 
leady become commodities. (See €S 
5(3)p. 20). Michael Lebby the direcor of 
usines development fo 
ironis al AMP (Emcore’ stregic partner 
in the VCSEL field) characerizes VCSELS 
a5 “tough technology, with ough business 
ccononmics” (ibil) 

But Richirds reporis that Emeore is 
nthusiastc sbout both the long-term and 

“We spent about $45 milion build-  shor. 
capabii 

ites fone in 
Somerset, two in Albuguerque, and a 
49% interest in UOE's new LED f in 
Tampa]. And we are o bringing these 
products o market.” Richards said 
“The lack of profitability was absolute- 
Iy by design—and we think that the 
products that we are begianing fo ramp 
up now are the markel eaders” He 
offers a prediction ofprofiability o 

fobal aptocic 

prospects for their VCSEL 

ih- 
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see €S 5(5), p. 1), Moreover, iy 
company entering this field may face 
putent. problems. Emcore’s LEDS are 
based in InGaN/GaN-o-sapphire tech- 
nology. Nichia Chemical has. filed 
more than 200 patent applications for 
this technology; over 70 of thase 
patents have been eranted in Japan, and 
14 have ben fssued in the US. with ol 
of the others still pending. Nichia is 
already embroiled in an uely patent 
awsuit with Toyoda Gosel (one of the 
five manufacturers mentioned above). 
and have indicated that they ill begin 
suing forign companies once this case 
s Finished. (See CS 504, p. 6) 

Richards says, without reservation, 
ihit Emeore is no in danger. “When we 
st embarked on developing a nitride 
process two years azo we had a fulllegal 
teviess done on all the outstanding patens 
relevant 1o nitrides. from materials o 

Vers, we st ave 1o understand the 
materials sience and the device technol- 
oy Richards said, “And thars where 
aur competency is 

‘And one cannot leave a discussion oF 
Emcore without wondering why there s 
50 much emphasis on deal-making at the- 
‘company. “In each one of these cases we 
brought in a capabifty that Emcore did 
ot have and was unlikely 10 develop on 
it own.” Richands suid. 

i management 4t Emcare 
reslized several years ago tht there was 
aing t0 be an explosion in demand for 
the (ypes of devices that are typically 
rown by MOCVD, So they began 1o 
punsc a course designed 10 allow the 
company o paricipate in that market 
through the sale of not just equipmen. 
but also materals. In their own words, 
Emcore’s goal is *to capitalize on out 
position as leading developer and tman- 

wfacturer of compound semicon- 
Satellite Deliveries, 1998-2008 Fiyurs 3 | ductor ols and manuficturing 

proceses 1o become he lad 

200 3\ i Bm in lhc real world, the galf 
50 AR hat scparates the quipment and 
oo e A Ny ] fouumete || mateials businesses is much lirg- 
P st | or than it might appear 1o be on 

RED cous. And Wi thee are ELEF S e h S 
oprosch, the ulime rovad s 

device design. Based on the Emcore 
process and the Emcore structure, our 
counsel came back with an opinion that 
fundumentally Emcore does not infr 
o amyone else’s ntellectual property, and 
we ely on that 

Morcover, e believes that Emcore 
is more than capable of taking on the 
competiton in the market place. Interms 
of nitrde technology, “we regard our- 
selves i the equisalent of  Nichia or 
Toyoda Gosel, only with far more pro- 
duction reach;” e said. But the company 
s only limited resources 1o put into 
sales, markeling. and applications engi- 
neering of these products. That is why 
Emcore is using joint venturss o capital- 
iz¢ on the technology. By relying on 
Geleore and UOE 10 fake the lead, “we 
don't have 10 understand the marke dri- 

the opportunity 1o paricpate in 
markers tha are much frger than 

those which Emcore could. proviously 

‘Can they pull it off? “Ous customers 
 we can, and thar’s what really mat- 

says Richards, T also points out 
tha whil the sort of vertical imegration 
{hat Emeare is pursuing is not yet com- 
mon inthe compound semiconducior 
ndusiry. it has been a very successful 
business model when appled elsewhere 
‘Our mission s ta be the leading com- 
pound semiconductor technology compa- 
ny i the world and you can't do that 
without moving into the device side af 
the business” he said. Now that the 

Solarcell and LED) manufactur- 
ng operstions are ramping up. we should 
ot have 1o wait much longer for clear 
Indicaors as to what the fuure holds in 
store for Emcore. 
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GaAs Profits Up in 2nd Quarter 

MARIE MEVER 

o or most of the publicly trad- 
4 GiaAs IC manufcturers, with ll 

bt Celeritek showing positve trends in 
evenue growth and profiabilty. 

Tm«m quarir of 1999 was very 

AlphaIndustries reportednet 
income o the quarer of 44 millon. up 
mre than 5% compared with the same 
period last year. Net sales were $38. 
milion, up 39% over the same period last 
year. Revenue for Alpha's thiee major 
Product arcas are shown n_below, 
Deliveries o one major customer 
(helieved 10 be Motorola) were 32.2% of 
total sales for the quarter 

Tom Leonard. President and CEO of 
Alpha, descibed the quartr s “ouistand- 
ing”. “Our markets are srong, out prod- 
et et the markess” needs, and we have 
been winning new onders fom a wide 
range of customers?” e ssid. The 
Wirless Semicondetor segmeat has 
soen particularly strong._growth, with 
s up 0% and opersing income up 
350% over st vear 

In other news, Alpha recently 
announced orders. from Motorola. for 
GaAs ICs and discrete components 10 be 
used in Motorolas new dusl-mode wire- 
less Bandset that will operte on both 
IDEN and GSM networks. Sce page 13, 

Anadigies rported that saes in the 
second quarter increased 35% over the 
searago period. to $3035 million, Al 
Three of the company’s product arcas 
showed improvement, with the most dra- 
matic increase coming from the wircless 
sector, where sales inereased 75% com- 
il varago oo 0313 - 
Tion, Sales of 1Cs or fiber optic appi 
tions were up 43% 10 S6.9 million. Sales 
in the cable and broadeast TV sector 
increased 21% o SI03 million. 

Compared 1o the first quarer of 1999 
Sales were up 229, and again the wircless 
Secior was he strongest of the company's 
three. primary markets, wilh growth of 
30% Nt income was $2.0 million before 
Special charges. 

Perhaps even more._importantly. 
Anadigies announced on Juy 23 that it 
had reached an agreement (o setle the 
sharcholder class ction lawsuits that 
were filed against the cormpany in 1995, 
Anadigics wil take 2 S6.9 milion charge 
Torthe setlement in theie second quarter 
el 

el Bl 

Commenting on the results, Bam 
Bastani, President and Chiefl Execuive 
Officr, sid that Anadigics was outpac 
ing the "aggressive” targets that he b 
s Tor the company’s performnce in th 
st hlfof the year. “New product intro 
Auctons and bookings are a record lev 
els. we'e ahead of our timesable for h 
onening of Fab 2 [ihe new 6-inch fab] 
and our enhanced manufacturing proces 
efficiencies arc in fll play” he saic 

on thl the class action and defivativ 
Tawsuits are behind us, managem 
focus all of s resourees and enes 

— 1 
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the business, We plan o continue 0 make 
investments that should position us for 
sales growth in the wireless and broad- 
band markets” 

On July 23 Anadigics ansounced 
plans for  secondary offering of ppros- 
imately 3 millon shires, 0 rise capital 
to fund future expansion.(For more on. 
Anadigies, sce page 12, 

For the quarter ended June 30, 
Celeritek reparted revenes of 10,2 mil- 
Tion, approximately equal 10 the compa- 
ny’ results for the same quater in 1999 
The net loss marrowed 10 2.8 million, 
compared with a netloss of S35 million 
for the year ago period. Orders from the 
defense and radiousacelie product areas 
were roughiy cqual, while the company’s 
semiconductor book-to-bll ratio was 
more favorable 
‘Commenting on the results, Celertek 

president and CEO Tamer Husseni ssid 
“We are encoursged with he progress we- 
are making i thesenvconductor business 
and the intrest many of our cusiomers 
ane shawing in fuly integrated modules 
for which wehave the technology and 
Know-how. Dusing the quarter we added 
several new customers (o reduce our 
dependence on . highly conceniraed 
radiosatellite base™ He also added that 
Celeriek stands 10 benefit from the. 
growth of point-o-multipoint microwave 
communications application. 

Conesant Systemns. reported rev- 
enues of S380.3 million forthe Jun quar- 
for, up 20% sequentially over the March 
quartes. Nt income increased 220% 1o 
5244 million compared with the prior 
quarter, In comparison with the yer-igo 
period. revemis were up 37 % In the 
year-ago perod, the company incurred o 
et loss of $334 millon, 

In oher news, on Jaly 15 Conexant 
announced that it had won s conirsc fom 
Ericsson for GSM_dual-band pover 
amplifirs. See page 14. 

RF Miero Devices reporied esenies 
of 8620 milion, an nerease of 165% 
over revenues of 234 million for the 
corresponding quarter in 1998 and an 
increase of 10% ove the previous quar- 
ter’s revenues of $56.5 million. The 
increase was due primarly fo increased 
shipments from the company’s new GaAs 
HBT wafer fab in tespanse to continsed 
stzong demand for RFICS i the wircless 
Handset market Gross profit rose 0 3264 
millon, versus ST million for the orre- 
spodi it 199, and ncresed 
% sequentially aver gross profit of 

S21.4 million forthe March quate, The 
s profit margn icreased 10 42, 
from 37.9% i the previous quarer. This 
was due 10 a proportional increase in 
Tower cost output from the Company’s 
Gas HBT water fab facliy. 

David Norbury, president and CEO 
said that shipmens (o Nokia, RFVD' 
Hangest customer, were once again ot 
all-ime high, although they did decrease 
a5 a percentage of otal sles. This was 
due o the emergence of Mofarola as 
RFMD's second largest customer (in 
terms of n bookings for the quarer). 

TriQuint Semiconductor reporied 
i revenues fo the second quarcr 1999 
werea record $38 1 millon,resuling in 
37% increase over the §219 millon in 
the compurable. period of 1998, Net 
ncome improved 116% 10 o record $4.3 
illion compared (0§20 milion report- 
ed forthe same quarte in 1998 

ftesse. Semiconductor reported 
record revenues and et income for the 

AiphaIndustres 2nd Quarter Revenue. 
$386Milon 

Coramic 
Progs 
i 

Appicaton Wislese Specic Podcts  Semiconauctors 
i [y 

Anagis 200 uarterRevenve 
5305 ilkon 

catos Vs erosces TV s ‘ ¢ 

oo Optes it 

second quarter, Revenues were 573 
million, an increase of S8% over the 
46,1 millon in revene reported in the. 
searago period, and an increase of 9% 
o revemuesof $66.9 million reported in 
the previous quarter. Net income was. 
19,4 million, up 39.5% over the year-ago 
period. and up 10.2% over the previous 
quarter, Communications applications 
accounied for represented 81.5% of 
revense. The remainder came from its 
Automated Test Equipment  (ATE) 
business, 

“This was the 18ih consecutive quarter 
the Vitesse reported record revenes. 
They also beat the consensus estimates 
for their eamings for the fifth staight 
quarter. Good news for sharcholders. you 
might think. But no. Viesse shares 
dropped aimost S8 10 $63 88 immediately 
afer the announcement, and they have 
subsequently sunk 10 around 60 

Why? Chris Bulkey. wriing for 
Individual Invesior Oniine, says. thay 
investors “overreacted” 1o a number of 
factors. He singled out three 

1 Growh in the ATE business is 
flat, Howeser, the company.iteIf s 
noted that this sector s likely 0 be lexs 
dynamic than the communications side of 
the husiness. I addition, it represents 
less than 20% offotalsles, 

2. Lucent’s switch-making operation 
Has tecently accounted for spproximately 
2% of Vitesses revenucs. Howener, 
Lucent recently outsoureed most of this 
acivity 0 contraet manufscturers sich as 
Solectron. But Bulkey notesthat Vitcsse 
will ot lose business because of this 
shifl. Rather, it has caused. longer lead 
times for Viésse, However, Vitesse mun- 
agement insists that these Jead times will 
narrow i the near fuur: 

3, Tnvestors may also be concerned 
aboutan ncrease i insider seling during 
the month of June. But Bulkey said this 
would be & mater of concern only if the 
compiny subscquently tmed in disap- 
poiniing resuls - which dd not happen. 

Given the company’s sold funds- 
mentals and. experience munagement 
team, Bulky concludes that the current 
actviy is an aberration, and that Viesse: 
remaing an attractve investment for the 
Tong run. 
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Freiberger 
in alliance with the future 
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lli id Gallium Arsenide 
substrates for micro and optoelectronics 

O Seminsulating LECGaAs 26" diameter 

o Semiconducting LEC-GaAs 2" and 3" diameter 
Bulk material with extremely low residual impurity concentration 
contralled carbon level and high uniformity of electrical parameters 
One and double side polished wafers 
Excellent surface quaitty for epitaxial growth processes 
Laser marking option 
Comprehensive crystal and wafer characterization 
Guick order tur around 
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FREIBERGER COMPOUND MATERIALS GmbH 
Am Junger Lowe Schacht 5, D-09599 Freiberg, Germany. 

Phone: (49)3731/28 04 80, Fax: (49)3731/28 01 06, Email info@lcm-germany.com 
hitp//www fcm-germany.com 
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World Beating I11-V Custom Epitaxy 

for a World of Applications 

Telecoms LDs / LEDs * © Gans 

Telecoms PINs | APDs © © AlGaAs 

IR LD/ LEDs © * AlGatnas 

IR VCSELs © . Gap 

Visible Lusers * “ Gatop 

UHB Visible LEDs * “ AlGatnp. 

Visible VCSELs © 3 

C-Doped HBTs * “ Galas 

Top BT+ * AlGainas 

PHEMT: * Galnas® 

Solar Cells * 
Large volme foundry,pilot production or R & D 

Muldple 2%, 3" and 4" — 

+ demanding 1. can deiver. High o bow sl e el supparte by extine 
ket s 1 o g MOV techlagy, vt st e s i constenc 

Greating Profitable Business Partnerships 

Erirasias Provvers Intexsarionat Lro 


