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HP Chooses InGaP Emitters For First HBT Products 

which are the company’s first HBT-based products. The 

new products. which are prescalers and Darlington-feed- 

back amplifiers, arc designed for use in microwave and commu- 

nications test cquipment, such as network and spectrum analyz- 

I Icwlett-l’ackard has launched a series of microwave ICs 

Metal 2 
a*+ InGoAs 

Polyimide 
Silicon nitride 

Emelal InGaP Emitter 
& Leds B-metol 

Substrate 

Cross-section of HP’s InGaP emitter HBT device. Relevant fea- 
tures for reliability include a non-alloyed n+ InGaAs emitter 
contact, a non-alloyed base contact, alloyed collector contacts, 
a depleted InGaP passivation ledge, low damage PECVD Si;N, 
passivation, and He implant for device isolation. 

Emitr D%;sa.:n Growin Product Market 
TRW AlGaAs Be MBE Fiber-optic, Satellite and 

Broadband Wireless 
L Communications | 

Rockwell | AlGaAs c MOCVD | Wireless Handsets and 
Fiber-optic 

Communications 
RFMD AlGaAs Be MBE Wireless Handsets 

Nortel InGaP C |mocvD Fiber-optic 
MOMBE Communications 

EiC AlGaAs C MOCVD Wireless Handsets 
GEC InGaP C MOCVD Fiber-optic and 

Broadband Wireless 
| Communications 

HP InGaP C MOCVD Instrumentation 

Major suppliers of I11-V HBTs. This table covers commercial 
product lines only. Several other manufacturers, such as 
Northrop-Grumman and HRL, have well-established processes 
which are used for internal purposes or foundry services. In 
addition, several other companies including Fujitsu, NEC, 

Raytheon, TriQuint, Siemens and UMS are known to be evalu- 
ating or developing HBT processes. 
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crs. and RF sources. These systems. built around frequency trans- 

lation and phase-locked loop technology. require that the fre- 

quency generation and conversion components have very low 

phase noise. which avoids destroying information content. HBT 
1Cs arc an attractive technology for these applications due to their 
high RF power. high gain per unit arca. excellent uniformity of 
gain and turn-on voltage. large g, and low | f noise. The large 
minimum feature size (>1 pm) allows the high-vield fabrication 
of highly complex circuits containing more than 3000 HIBTs. and 
enables delivery of high functionality per chip for instrument 
applications. 

AlGaAs or InGaP Emitters? 

For these new HBT products. HP has chosen to use InGaP 
emitter structures. The lirst HBTs to reach the market were fab- 
ricated with AlGaAs emitters. While TRW developed a high reli- 
ability process (subsequently licensed to RFMD) using MBE 
growth. with Be as the base dopant. Rockwell used MOCVD- 
grown material. mainly to take advantage of the availability of 
high carbon doping levels in the base. 

More recently. new entrants to the HBT market such as 
Nortel. GEC and [IP have gone with InGaP as the emitter mate- 
rial (see Table). Nortel uses high speed GalnP GaAs HBTs for 
the production of OC-192 (10 Gbit s) optical fiber communica- 
tion components. and has been delivering production circuits 
containing up 10 3.000 HBTs for over two years. with no evi- 

dence of field reliability problems. 
Advocates of GalnP emitter technology cite several advan- 

tages. relating mainly to yield and device reliab salnP has a 
very high etch selectivity. which enhances device uniformity. and 
has several other material parameters which should increase reli- 
ability compared to AlGaAs GaAs HBTs. These include the large 
valence band discontinuity with GaAs (~0.3 ¢V). a large room 
temperature energy gap and a low surface recombination. 

The Choice is Clear 

TriQuint has a well-developed InGaP GaAs HBT process. 

acquired from Texas Instruments along with the Dallas fab. and 
is currently evaluating commercial applications for these devices. 
According to TriQuint’s Tim Henderson. the switch from AlGaAs 
1o InGaP emitters was made about a year ago. “The InGaP emit- 
ter technology gave significantly higher yviclds than the AlGaAs 
variant. largely due to better selectivity in ctching.” says 
Henderson. “A secondary reason was the reported higher relia- 

bility of HBTs with InGaP emitter: 
HP selected the InGaP emitter technology after a 10x 

improvement in reliability was demonstrated compared to both 
commercially available and in-house AlGa:s HBTs. The devices 

(sce schematic) have £, and f,,,, values of 63 Gilz and 75 GHz 
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respectively. and are fabricated from MOCVD-grown material 
supplied by Kopin. In a paper presented at the 1998 GaAs 1€ 
Symposium in Atlanta, HP’s Tom Low described the evaluation 
of different HBT technologies. Reliability measurements of dis- 
crete AlGaAs 1BTs and broadband ampli from various 
sources, showed low and variable mean-time-to-failure (MTTF) 

values  between 3x10¢ and 
8x10* hours. at the maximum 

allowed current density of 0.6 
mA pm® and junction tempera- 
ture T, of 150°C. In contrast. 

1BTs showed a 
proj Toof -5x10° 
hours at T, 150°C. which is 

acceptable for instrument applications. 1P also reported very 
high viclds for their process. which were typically above 70% for 
circuits containing 1300 HBTs. 

Although HP clearly found in favor of InGaP emitters. other 

manulacturers such as TRW remain fully confident of the relia- 
bility of their GaAs AlGaAs HBTs. “We've had an exceptional- 
Iy rehable BT process for over 7 years.” says TRW's Dwight 
Streit. It is. o my knowledge. the only flight-qualified 11BT 
process in the world.” 

A 10x improvement 

in reliability was 
demonstrated, 
compared to 

AlGaAs HBTs. 

HP’s New Products 

Three of HPS new HBT-based MMICs are 200 Mz to 16 
Gllz  divide-by-two.  divide-by-four. and  divide-by-cight 
prescalers which feature very low phase noise of -153 dBe 11z at 
100 kl17 offset and operation from a single positive or negative 
supply of 4.5 10 6.5 V. They also incorporate on-chip pre- and 
post-ampliliers for high input power sensitivity (-20 dBm to = 10 
dBm from 1 GHz 10 10 GHz) and excellent reverse isolation. The 
post-amplifiers also allow selection of cither high (5.5 dBm) or 

low (0 dBm) output power modes. Three other new products are 
12 GHz prescalers operating at about half the current of the pre- 
viously deseribed devices (30 mA vs. 60 mA in low output power 
made). The other new devices are DC-12 Gllz and DC-15 Gllz 
Darlington-feedback amplifiers. providing 50 Q input and output 
match. and operating form a single supply voltage. A typical 
device draws 44 mA and dissipates 190 mW. while providing 
9.5:1 dB gain across the band and =12 dBm output power (at 
1dB gain compression) at 1 Glz. Both amplifiers have a low | [ 
noise corner of less than 20 kllz. 

e TR D Y g 

HP's new HMMC-3008 DC-16 Gz prescaler, manufactured 
using an InGaP emitter HBT technology. 

{e 
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Emcore, Optek Join Forces to 
Manufacture MR Sensors 

ptek Technology Inc., a vertically integrated manufactur- 
er of application specific sensors, has linked up with 
Emcore to form a new company. Emtek Sensors LLC. 

Emtek will market discrete InSb magnetoresistive (MR) sensors 

manufactured as package-ready die by Emcore. and packaged by 
Optek. Emtek has already announced the availability of several 
InSb MR sensors. in a variety of configurations and packages. 
offering high sensitivity and signal-to-noise ratio. and consistent 
performance across a wide range of temperatures (-40°C to 
—165°C) and opcrating conditions. They will be targeted at cxist- 
ing automotive markets and emerging consumer and industrial 
applications. 

Emcore’s Pegasus division alrcady manufactures MR sen- 
sors. using InSb epitaxial structures grown by MOCVD on GaAs 
substrates. The sensors were developed in conjunction with 
General Motors for a number of automotive position-sensing 
applications. including cam and crankshaft sensing for ignition 
timing and engine misfire detection. [See CS 4(4). p. 29]. The 
harsh operating environments of these applications required the 
development of a solid-state technology with high sensitivity 
over a wide temperature range. Several million InSb MR sensors 
are already deployed in GM vehicles. and the Emtek product line 
is based on the same technology. which is licensed from GM. 
According to a spokesman. the sensors could be used in a variety 
of industrial and aerospace applications. and also in consumer 
goods. 

Optek. headquartered in Carrollton. Texas. manufactures 
custom optoelectronic. magnetic. and fiber optic sensors. for a 
wide variety of industrial. aerospace and defense applications. 
Among Optek’s many existing custom sensor products are IR 
LEDs. fabricated from LPE-grown material. and Hall effect sen- 
sors. 

“Optek brings strong capabilitics in the design. manufacture, 
packaging and test of sensor products that make it an excellent 
partner for this new extension of our business.” said Reuben F. 
Richards. President and CEO of Emcore. “In addition to our 

work through this new 
venture, we will contin- 
uc to market our current 
package ready die for 
MR applications to 
existing Emcore cus- 
tomers.” According to 
Sensor Business Digest 
of Foster City. CA. the 
worldwide market for 
magnetic sensors used 
in industrial. commer- 
cial. and automotive 
applications is estimat- 
ed at S1.5 billion. 

10sa532 Seten 

L1 1)t 

33 TrM 

New MR sensor products available 
from Emtek Sensors LLC. 
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Earth-bound Applications for 
ViaSpace Technologies 

cveral technologics developed for space applications by 
Caltech’s Jet Propulsion Laboratory (JPL), including quan- 
tum well infrared photodetectors (QWIPs) and tunable IR 

diode lasers. are to be commercialized by a new start-up compa- 
ny, ViaSpace Technologies. LLC (Altadena. CA). Founded by Dr. 
Carl Kukkonen. former Director of JPLs Center for Space 
Microcelectronics Technology. the new company has obtained 
options for exclusive licenses from Caltech for five technologics 
that JPL developed for NASA space exploration missions. 
“These technologics are coming to the marketplace via the US 
space program. hence the company’s name.” says Kukkonen. 
“NASA and the Department of Defense have invested millions of 
dollars in developing these technologies for the needs of specific 
missions. ViaSpace plans to transform this government technol- 
ogy for the commercial marketplace.” 

Quantum Well Infrared Photodetectors 

QWIPs arc emerging as an alternative to HgCdTe for IR 
imaging applications [see ('S 4(4). p. 24]. The QWIP structure 
typically consists of many periods of GaAs QWS separated by 
AlGaAs barriers. and ensitive to radiation in the 6-25 pm 
range. The photodetector is divided up into individual pixels and 
bonded to a silicon readout circuit to form an imaging system at 
the heart of an IR camera. Although QWIPs have to be cooled to 
cryogenic temperatures. arrays can be fabricated with very high 
uniformity due to the availability of well-understood MBE 
growth and fabrication processes in the GaAs material system. 

several possible near-term applications for 
QWIPs. including: night vision optical devices: unobtrusive 
seeurity surveillance systems: agricultural sensors (diseased or 
blighted crops have a different IR signature than regular plants): 
medical sensors (breast tumors give off more heat than healthy 

tissue): and national defense systems. “The Defense Department 
is happy to have ViaSpace as a commercial source of QWIPs.” 
said Dwight Duston of the Ballistic Missile Defense 
Organization. “We need QWIPs for missile detection and track- 
ing. and we intend to demonstrate them on one of our space mis- 
sions next year.” 

Tunable Diode Lasers 

Tunable diode lasers (TDLs) were developed by JPL for 
planctary g nsing. ViaSpace will pursue commercial applica- 
tions such as environmental monitoring. atmospheric science. 
medicine and industrial process control. When the TDL is tuned 
to the absorption wavelength of a gas in the atmosphere such as 
water (H.0). carbon dioxide (C0,) or hydrofluoric acid (HF). the 

presence of these gases can be measured at extremely low levels 

(parts per billion). TDL gas sensors are currently being used by 
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NASA to measure 
the distribution of 
water  vapor in 
Atlantic Occan hur- 
ricancs, and six of 
these sensors will be 
sent to Mars in 
January 1999, and 
will measure water 
and CO, in the 

Martian atmosphere. 
This type of laser is 
also appropriate for 
use in  fiber-optic 
communications. 

The TDL devices that will be produced by ViaSpace are 
DFB lasers containing strained layer InGaAs quantum well 
structures grown by MOCVD on InP substrates. Wavelength 
tuning is achieved by varying the pitch of the sub-micron grat- 
ing. which is defined by e-beam lithography. In this way. it is 
possible to make single mode tunable diode lasers with wave- 
lengths up to 2.1 pm. 
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An IR laser diode developed at JPL 
Jor planetary gas-sensing; this 
technology is now being commer- 
cialized by ViaSpace. 

Tampere University Spawns 
Second Start-Up 

new company. Nordic Epitaxy Inc.. has been formed to 
Aczlpilali/c on the red laser technology developed at the 

Tampere [Finland] University of Technology. The 
company is owned jointly by rescarchers from the University 
and Coherent. Inc.. a major manufacturer of lasers and related 
cquipment. 

This is not the first tic-up between Coherent and Finnish 
rescarch. In 1996, Coherent bought the majority interest in 
Tutcore. another company formed to capitalize on laser diode 
technology developed at Tampere University.  Tutcore’s area 
of expertise is the design and growth of IR laser diodes with 
Al-free active regions. Many of the founders of that venture 
are also involved in the new company. and both can trace their 
roots back to the Tampere University research group headed 
by Marcus Pessa. In addition. both companies are concentrat- 
ing on the MBI growth technique to produce their epitaxial 
structures. 

Seppo Orsila, Chairman of the Board of Nordic Epitaxy. 
says that the new company will first concentrate on the pro- 
duction of AlGalnAsP epiwafers for 600nm band laser diodes. 
The company’s long-term plans call for a broader product 
range. including wafers for vertical cavity deviees. such as 
RCLEDs (Resonant Cavity LEDs) and VCSELs. Most of the 
company’s products will be based on proprictary structures 
developed in collaboration with Tampere University. High 
power. low power. and single-mode structures with wave- 
lengths between 690 to 650nm are already available. and 
shorter wavelength products will follow shortly. The company 
will also provide custom epiwaler growth services upon 
requuest. 

Siemens Plans 
Semiconductor Sell-Off 

ollowing severe losses in the DRAM business, Sicmens AG 
Fhas announced plans to spin off their Semiconductor Group 

into a private company. The move will allow Siemens to con- 
centrate on its core businesses - which no longer includes the semi- 
conductor scctor. “However, the semiconductor business is marked 
by high, yet unsteady growth with huge fluctuations in carnings,” 
said Heinrich Picrer, President and CEO of Sicmens AG, at a press 
conference on November 4. “This has a major impact on our com- 
pany’s overall results.” By listing the Semiconductor Group sepa- 
rately on the stock market, or by taking it public, Picrer explained 
that the company hopes to make the Group “suitable for partner- 
ships or mergers able to further expand its activitics into lcading 
market positions.” 

Siemens was hit very hard by the sharp erosion of memory 
prices on the world market, and the Semiconductor Group posted a 
loss of DM 1.2 billion for the current fiscal year, compared to a 
profit of DM 109 million last year. Siemens” total semiconductor 
sales were $3.48 billion in 1997, of which $987 million was in 
DRAM. while compound semiconductors sales totaled S388 mil- 
lion [sce €S 4(2). p. 8]. Sicmens’ operations include one of the 
largest GaAs fabs in the world (sce page 16). and they arc also a 
major producer of 11V opto-clectronics. There is no word yet on 
how the reorganization will affect these activit 

Gallium Nitride 
Applications 
Setting the standards for flatness 
and surface finish... 

- 

grs oriented to within £0.25° 
flat tolerances to £0.5° 
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NEWS BRIEFS 

Ericsson Orders GSM Power 
Amplifiers from TriQuint 

recently announced receipt of its first production order 
rom Ericsson Components AB. under the terms of their 

joint development agreement signed last year. The product. a 

power amplifier for dual band GSM cellular phones. will be 
manufactured at TriQuint’s Hillsboro. Oregon fabrication facil- 
ity. Volume production of the new dual band PA is planned for 
carly 1999. “We are pleased that Ericsson has chosen our proven 
GaAs technology for their family of GSM power amplificr. 
says Bruce Fournier, VP of the Foundry Services division. "Our 
partnership with Ericsson has provided a major step into the 
GSM cellular phone market.™ 

The device is the first of several planned under the agree- 
ment between the companies. under which TriQuint fabricates 
GaAs MESFET wafers according to Ericsson’s proprictary 
designs. According to an Ericsson spokesperson. the prime 
focus of this activity is to establish an Ericsson internal strate- 
ic resource of GaAs RFICs to complement Ericsson’s in-house 

silicon Bipolar and LDMOS process capability. The company 
believes that the high efficiency of GaAs makes it the optimal 
choice for power amplifiers. and that Ericsson will benefit from 
having a combination of processes that will enable them to offer 
a full range of RF ASIC components for future wircless and cel- 

lular requirements. 

TriQuim Semiconductor’s Foundry Services division 

Er
ic
ss
on
 

Ericsson’s 1888 World dual band mobile phone 
JSor GSM 900/1900 frequencies. 

Iridium Service Launched At Last 

paging system. became commercially available to customers 
on November 1. 1998. The Iridium system has a constella- 

tion of 66 low carth orbit (LEO) satellites. providing users with 

communication services from virtually any point on the globe. 
The first official phone call was placed by US Viee President Al 
Gore to Gilbert Grosvenor. Chairman of the National 
Geographic Society and a great-grandson of Alexander Graham 
Bell. 

Iridium. the world’s first hand-held. global satellite phone and 
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Nortel Networks’ 10 Gbit/s System 
Earns US$1 Billion 

evenues derived from Nortel Networks™ 10 Gbit/s Optical 

RNCl\mrking platform have now exceeded USSI Billion 
after two years in the marketplace. attaining more than 

90% market share in its category worldwide. “Nortel Networks 

correctly predicted the bandwidth explosion that would take 
place and drive up the need for increased fiber optic capabili- 
ties.” said Mike Unger. president. Optical Networks. Nortel 
Networks. “The market response to our 10 Gbit s platform has 

been phenomenal. and more than 20 major network operators 
have now deployed this solution across tens of thousands of 
fiber miles.™ Nortel Networks currently markets a D-WDM 

tem capable of delivering 320 Gbit s down a single fiber. and is 
planning to introduce terabit networking by the year 2000. 

25 Terabit/s Bandwidth 
Demand by 2002 

ceording 10 a new report by Insight Rescarch. the global 
data traffic demand is expected to grow to a staggering 

23 Terabits s by 2002. Fiber optic SDH SONET-layered 
ring networks will continue to be the backbone for high-speed 
carrier networks. but they will increasingly use WDM technol- 
ogy to create the capacity o carry the expected data bandwidih 
demand. "WDM will be the most cost-effective option carriers 
have 10 provide the necessary bandwidih without installing 
additional fiber” explained Robert Rosenb president of 
Insight. ~We expect WDM revenue 1o top $4 billion in 2002 
The report also shows that a “Photonic Moore Curve™ is mak- 
ing it possible to double ransmission bandwidth capability 
every 18 months while cutting the cost per bit per second in half 
CVery two years, 

WinStar and Lucent Sign Broadband 
Network Agreement 

inStar Communications and  Lucent Technologies 

recently announced plans to build the worlds first 
global ¢nd-to-end broadband network. WinStar's 

Wireless Fiber™ networks. which use wireless point-to-multi- 
point links at 28 Gliz or 38 Gllz to provide broadband voice. 
data and Internet services. will be implemented in up to 100 
cities around the world. As we discussed in our last issue. broad- 
band wireless communications are emerging as the first high 
volume commercial market for high frequency GaAs MMICs 
[see CS4(8). p. 22]. Under the agreement. Lucent will provide 
network design. integration and build-out services. along with 
the vast majority of the communications hardware and software. 

To form the global network. the local wircless networks will be 

integrated with an optical network that will use Lucent’s 80- 
channel DWDM optical networking equipment. 
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NITRIDE NEWS 

High Temperature GaN/AlGaN HBTs 

A joint research effort by the University of Florida, Blue Lotus 
Micro Devices, Bell Labs and Sandia National Laboratories has 

demonstrated HBTs with improved performance above 250°C. 

he field of GaN-based clectronics 
Tcominues to move forward rapidly. 

The wide bandgap of GaN and its 
alloys, which makes possible the remark- 

able success of blue LEDs and lasers, is 
also advantageous for high power and 
high temperature electronic applications. 
Two recent reports have described the 

fabrication of GaN/AlGaN HBTs; previ- 
ously we described MOCVD-grown 
devices fabricated by the University of 
California at Santa Barbara [sce CS 4(8). 

00l 
1ea|  GoN/AIGaN HBT 

z 300°C 
= e4 le . 
§ e 
£ 16 
o 

7] 3 8 
Base Voltage (V) 

Gummel plot for the 90 um diameter 
GaN/AlGaN HBT at 300°C. 

p. 16]. More recently, a second rescarch 

cffort has fabricated HBTs using a hybrid 
growth method. 

The HBT epilayers were grown on a 
sapphire substratc (sce schematic). 
Following growth of a low temperature 
GaN buffer, a 2 ym thick highly resistive 
undoped GaN layer was grown by 

MOCVD. This layer provided a template 
for subsequent growth of the active 
device layers, which were grown by 
MBE. using an RF atomic nitrogen 
source. Ann’-GaN sub-collector was fol- 
lowed by an n-type GaN collector. a  p- 

type GaN base (Mg-doped at 1 x 10™ 
cm?), a p-type Al 1<Gag <N emitter and a 

graded region to a p-type GaN contact 
layer. 

An inductively coupled plasma (ICP) 
ctch, using Cl/Ar. was used to fabricate 
large arca (~90 pm diameter) devices. 

cxposing both the base and sub-collector 
regions. Dry etch processes on GaN tend 

to produce Ni-rich surfaces which arc 
strongly n-type: in the case of the n* sub- 

collector this improves the ohmic contact 
resistance and is therefore 

n+ GaN 0.2 ym 

Grade 0.05um 
n+ AlGaN 0.1um 

advantageous. For the p- 
type base layer. it was nec- 

essary to terminate the etch 
~100A above the base-emit- 
ter junction, oxide the sur- 
face using ozone. and strip 
away this layer in acid solu- 
tion. The structure was 
completed with c-beam 
cvaporation  of  p-type 
(Ni/Pt/Au) and  n-type 
(Ti/Al/PUAu) contacts. 

One of the major chal- 
Schematic of the GaN/AlGaN HBT. Following MOCVD 
growth of a 2 um buffer, the subsequent device layers 
were grown by RF-MBE. 
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lenges in producing HBTs 

in the GaN material system 
is to get sufficiently high p- 

type doping in the base. In these devices, 
the hole concentration in the base at room 
temperature is relatively low, resulting in 
an -V characteristic \Vhlth is strongly 

influenced by the tance. The 
low bias current at 10()“( about an 
order of magnitude higher than at 25°C. 
due to enhanced activation of the Mg 

acceptors at clevated temperatures. The 

HBT also shows improved gain above 

250°C as the hole density in the base 

increases. The de current gain is around 
10 at 300°C (sce graph) because of the 

improvement in base resistance compared 
10 room lClllPCfllllll’C. 

Improving the Base Resistance 

The authors  suggested  several 

approaches to improve the performance 
of their GaN HBTs. A number of recent 

studies have demonstrated that piczoelec- 

tric stress is effective in increasing the 

channel conductivity of AlGaN GaN 

for example. p.30]. An 
layer. placed between 

the collector and the base in the HBT. 
could possibly increase the hole concen- 
tration in the base. A second choice would 
be to decrease the base resistance using a 

lower bandgap material such as InGaN or 

SiC. although achieving high p-type dop- 
ing in these materials is also difficult. 

The third alternative is selective 
regrowth of the extrinsic base region. 
which would allow optimization of both 
the base contact resistance and the gain. 
By keeping the doping level in the intrin- 

sic base material relatively low. the 
minority carrier lifetime and hence the 

gain can be kept high. and the base thick- 
can be reduced to decrease base tran- 

sit time. and increase device speed. 

Selective regrowth of a heavily doped 

insic base contact layer could then 
ntly reduce the parasitic losses 

ds\(udlLd with the base contact resis- 
tance. Suitable materials would be heavi- 
ly carbon-doped GaAs or GaP. although 

this would introduce the problem of hole 
transport across the hetero-interface. 

Sec Fan Ren et al. MRS Internet J. Nivide Semi. 

Res 1998, 3141,



Low Cost, Free-Space Optical Interconnects 

DUANE A. LOUDERBACK, OLA SIOLUND, ERIC R. HEGBLOM, 
SHIGERU NAKAGAWA, JACK KO, and LARRY A. COLDREN 
ECE Department, University of California at Santa Barbara Electronics 

widths of board-to-board and chip-to-chip interconnects have not 
kept pace. Unless this interconnect bottleneck is addressed. the 

current growth of system performance will not continue. Free-space opti- 
cal interconnects have received considerable interest for their potential to 
relieve such bottlenecks. Besides the polullml for achieving large data 
throughput and high inter i i 

have the advantage of alleviating problems caused by L]LLII()[“«ILIILIIL 
crosstalk. capacitive loading. and signal distortion. In addition. optical 

chip-to-chip interconnects can be distributed across a chip and therefore Figure 1. Schematic of a free-space optical intercon- 
have the advantage of scaling with chip size. Electrical interconnects are nect consisting of dense’ two-dimensional arrays of 
typically made to the periphery of the dic and therefore scale with the  juregrated vertical cavity lasers and photodetectors. The 

3 Ithough computer clock speeds continue to increase, the band- 

perimeter of the chip. Figure | shows a schematic of a simple bi-dirce-— optoelectronics are shown bonded directly to electron- 

tional free-space optical interconnect. implemented using integrated — ics. Optics, preferably integrated microlenses, are need- 
arrays of vertical cavity lasers (VCLs) and detectors ed to maintain low crosstalk and coupling losses. 
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Figure 2. Schematic illustration of the packaging advantages of 
substrate emitting/detecting devices. The integrated VCLs and 
detectors are bonded face-down directly onto the electronics 
without the need for via processes or substrate removal. 
Microlenses are integrated on the backside of the wafer to elim- 
inate or relax tolerances for external optics. 

VCL Detector 
(oxidized) (as grown) 

————p Confact = 

n Contact 

| Unoxidized 

S| GaAs Substrate 

Figure 3. Schematic of the integrated device structure showing 
the VCL (left) and the detector (right). The active region con- 
sists of three 80 A InGaAs quantum wells (~20 % In) with 80 A 
GaAs barriers. The “normal” DBRs consist of alternating 
quarter wave layers of GaAs and Al, 4,Ga, 1As. 

| N 

Figure 4. SEM image of an array of integrated VCLs and detec- 
tors with microlenses, flip-chip bonded to a submount with 
coplanar transmi: The microlenses visible on the top 
of the array are 200 um in diameter. 
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Despite the many advantages of free-space optical inter- 
connects, to become reality, they need to be manufactured in 
volume at low cost. To achieve this, not only must the opto- 

clectronic devices be fabricated inexpensively, but they need 
to be packaged using simple, cost-cffective techniques. This 
includes the incorporation of optics, preferably an array of 

microlenses, to maintain low crosstalk and insertion loss, 
Although satisfactory VCLs and detectors have been integrat- 
ed onto the same chip. the packaging has been prohibitively 
complex and costly. 

Packaging Problems 

The problem with previously integrated VCL* and detec- 
tor arrays was their top emitting/detecting geometry. To bond 
these arrays to clectronics. complex via processes are needed 
to bring clectrical contacts to the backside of the array sub- 
strate [1]. In addition, because the microlenses have to be fab- 
ricated on a difTerent substrate than the optoelectronic devices. 
alignment of the optics with the VCL detector arrays becomes 
a critical feature of the assembly proc: 

Bump-bonding the optoclectronic array face-down onto 
the clectronics (commonly known as flip-chip bonding). 
which climinates complex via processes. is the first key to low 
cost packaging. However. this demands the use of devices that 

emit and detect through the substrate. otherwise the substrate 
has to be removed. The other key to low cost packaging is the 
use of integrated microlenses. fabricated on the same sub- 
strate as the optoelectron; that cither climinate external 
optics or relax the tolerances considerably allowing passive 

optical alignment of the arrays. The integration of microlens- 
es is most casily accomplished with substrate emitting and 

detecting devices. In this case. the microlenses can be fabri- 
cated directly on the substrate side of the device wafer. Figure 

2 shows a schematic that illustrates the inherent packaging 
advantages of devices that have through-the-substrate emis- 
sion and detection. 

Device Structure 

Although integrated VCLs and resonant-cavity detectors 
can share the same epitaxial structure. they have very differ- 
ent requirements for the mirror on the substrate side 
(input output mirror). VCLs require a very high reflectivity in 
the bottom mirror. typically greater than 99%o. To simultane- 
ously achieve a reasonably large optical bandwidth and ade- 
quate absorption. the resonant-cavity detector must have a 
much lower reflectivity in the bottom mirror (~80-85%). A 
large optical bandwidth is needed because of variations across 

a wafer and between epitaxial growths and differences in 
device operating temperatures. 

Previous integration techniques were unable to achieve 

= I this article. the generic 1erm VCL is used. rather than the more 
commonly encountered VCSEL tvertical caviry: surtace emitting laser), since 

the lasers here are fabricated o emit through the substate rather than fron 
the top surface.



FORUM 

this reflectivity difference in the bottom 
mirror and were therefore limited to top 
cmitting/detecting architectures. Using a 
new structure [2] requiring no regrowth, 
VCLs and resonant-cavity detectors arc 

fabricated on a single cpitaxial growth 
structure that is compatible with flip-chip 
bonding and integrated microlenses. The 
structure enables high performance VCLs 
and detectors with through-the-substrate 
cmission and detection to be integrated 
without compromising the performance 
of cither dev 

To achieve the required difference in 
mirror  reflectivities, three  special 
GaAs/AlAs mirror periods are added to 
the bottom mirror. The AlAs layers are 
later oxidized for the VCLs. but not for 
the detectors. When oxidized, the special 
mirror periods are in phase and therefore 
add to the reflectivity of the VCLs output 
mirror, but for the detector. the unoxi- 
dized mirror periods remain out of phase 
and don’t contribute to the detector’s 
input mirror reflectivity. In this way. the 
VCLs and resonant-cavity photodetectors 
have their bottom (inputioutput) mirror 

reflectivities individually designed and 
implemented by post growth selective 

oxidation of some of the mirror periods to 
convert the detector structure into a VCL 
structure. Figure 3 shows a schematic of 
the integrated device structure when used 
as a detector (right) and converted to a 
VCL (left). 

Array Fabrication 

The integrated devices were fabricat- 
ed using standard VCL processing tech- 
niques.  After  device  processing. 
microlenses were integrated onto the sub- 
strate side of the arrays. The photolitho- 
graphically aligned microlenses were fab- 
ricated by transferring the shape of a 
reflowed polymer mask into the substrate 
using chlorine reactive ion ctching. The 
microlenses are recessed into the sub- 
strate and are designed to collimate the 
VCL output or focus a collimated beam 
onto the detector. After dicing the 
processed chip. the arrays of integrated. 
microlensed VCLs and detectors were 
flip-chip bonded directly to submounts 
with coplanar transmission lines. The 

submounts allow high-speed testing and 

imitate the packaging necessary for inte- 
gration with CMOS clectronics. Figure 4 
shows an SEM image of a flip-chip bond- 
ed array of VCLs and detectors. The 
recessed microlenses are facing up in the 
picture and the optoelectronic devices are 
on the bottom of the array next to the sub- 
mount. 

Device Characteristics 

Flip-chip  bonded VCLs with 

microlenses exhibited threshold currents 
as low as 135 pA, which is the lowest 
reported for 3 quantum well VCL, while 
maintaining high differential efficiencies 
of over 50 %. VCLs such as these with 
low threshold currents and high efTicien- 
cies are critical for dense free-space opti- 
cal interconnects due to thermal consider- 
ations. The detectors have responsivitics 
of 0.48 A/W. corresponding to 60 % 
absorption, with fairly broad 7 nm optical 
bandwidths. The VCLs and detectors also 
have the same operating wavelengths. The 
light-current characteristics of an inte- 
grated VCL are shown in Figure 5. while 
Figure 6 shows the responsivity spectrum 
for the adjacent detector. The VCLs have 
bandwidths of about 9 GHz, while the 
detectors have bandwidths of 2.5 GHz for 
50 pm diameter detectors and 9 GHz for 
25 pm detectors. These characteristics are 
more than adequate for d 
parallel. high-speed free-s 
interconnects. 

Free-Space Optical Links 

A free-space optical link at 1.25 
Gbits/s was demonstrated with the inte- 
grated devices. The link was tested with 
both the VCL and detector at 20°C. with 
both devices at 90°C. and also with the 
VCL and detector = 75°C from cach 
other. The free-space optical link demon- 
strated error free operation (bit error rate 

<10%) for all temperatures tested.  The 
wide range of temperature operation is 
critical since the optoclectronics will set 
directly on integrated circuits that may 
have their temperature vary considerably. 

Although work still needs to be done. 
arrays of integrated VCLs and detectors 
hold great promise for providing dense. 
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Figure 5. Light-current characteristic: 
of a flip-chip bonded, microlensed VCL. 
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Figure 6. Responsivity spectrum of a 
Slip-chip bonded, microlensed detector. 

massively parallel. bi-directional free- 
space optical interconnects. The addi- 
tional cost of the free-space optical inter- 
connects. compared to electrical board- 
to-board and chip-to-chip interconnects, 
will likely determine when or if these sys- 
tems will make their appearance in actual 
products. Integrated devices with sub- 
strate emission and detection that arc casy 
to fabricate and package may hold the key 
to achicving the low cost production that 
will be necessary. 

This research was supported by 
AFOSR and DARPA. via HOTC and the 
Free-Space  Optical — Interconnect 
Initiative. 
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e most important MBE 
elopment of the decade 

VG Semicon’s new ThermoCell™ range of 

effusion sources is nothing short of 

revolutionary. Resulting from an intensive 
three year research program, 

ThermoCell™ technology brings a new 

dimension to process reproducibility, 
stability and uniformity. It is now easier 

than ever to stay within your process 

window for extended campaigns, enhancing 

yield and increasing throughput. 

No wonder it has been hailed as the single 

most important MBE development of the 

decade. 

The ThemoCell™ range draws on the most 

advanced computer modeling, backed up 

by years of extensive field trials. The result 

is a technology which truly enables the next 

generation of MBE equipment. Technology 

which is available now, exclusively to our 

V100 customers, and soon for users of our 

research equipment. 

We are the World's leading MBE company 
50 you’re probably already a customer. If 

not, and you value working with the only 

MBE company that has the financial and 

technical resources to offer innovative 

solutions time and time again, call us. 

You owe yourself a profitable future. 

Uk (44) 1342 325011 
USA (1) 800888 7007 

(1) 978524 1041 
Japan  (81) 33639 9652 
France (33) 1 60923610 
Korea  (82) 2 548 2983 
Taiwan (88) 63 535 9771 
Benelux (31) 184 490909 

Nordic  (46) 8 629 2400 

Australia (61) 2 898 1244 

mbesales@vgsemicon.com 
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CONFERENCE REPOR 

GAAS ’98: Europe’s GaAs 
Industry Communicates 

Much discussion of applications for microwave GaAs, 

and the first announcement of a 6” fab for analog applications 

MARIE MEYER 

hile wireless handscts remain 

the biggest application for 
GaAs. the most exciting emerg- 

ing markets are in high frequency appli- 
cations such as radar. satellite payloads. 

and. above all. broadband microwave 
communications. That was the message 
from the Gallium Arsenide Applications 
Symposium (GAAS "98). held October 5- 

7 in Amsterdam. 
The GAAS series of conferences 

were started in Europe in 1990. but the 
event was transformed this year by hold- 
ing it in conjunction with the new 

“Europcan Microwave Week™ cvent. 
GAAS 98 alone drew over 350 attendees. 

Europe has several companies with 

(aAs capabilitics that are suited to com- 
mercial microwave applications. accord- 
ing to Heinrich Dacmbkes. president of 

United  Monolithic ~ Semiconductors. 
UMS was formed by the merger of the 
Thomson-CSF and Daimler Benz GaAs 
operations in 1996. Other European nota- 
bles include Siemens, Philips Microwave 

Limeil. and GEC Marconi. In addition. 
Alenia and Alcatel-Telettra have GaAs 
technology for in-house use. 

Daembkes’ own company is probably 

most well known for developments in 
automotive radar technology. But in his 
opening-day talk, Dacmbkes warned that 
this application is evolving much more 
slowly than originally forccast. He also 

pointed out defense applications are not 
showing any growth. But at the same 
time the proliferation of new communica- 
tions technologies is gencrating. for the 

first time. demand for commercial GaAs 
ICs operating at microwave frequenci 
Dacembkes presented a thorough dis 
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sion of the opportunities for GaAs in sys- 
tems operating between 5 - 100 GHz. See 

Table 1. 
The most exciting arca is broadband 

microwave applications. It includes 
LMDS and MVDS. which are essentially 
schemes to deliver cntertainment to the 
home wherein the core of the s will 
be fiber or cable. but the “last mi the 
connection to the subscriber - will be 
implemented using microwave radio. It 
also includes point-to-point communica- 
tions. which are used primarily to link the 
“cells™ of a cellular wireless network 
together. 

GaAs Opportunities from 5 - 100 GHz 

System Type | Operating 
or Application | Frequency 

While none of these applications will 
generate the huge unit volumes seen in 
wireless handscts. they all represent sig- 
nificant commercial opportunitics for 
GaAs fabs.  And. unlike wireless. they 
seem nearly impervious to encroach- 
ments from silicon. because of their high 
operating frequencies. “GaAs has hardly 

terms of both price and performance.” He 
concluded with his personal opinion that 
the GaAs industry was poised for solid 
growth over the next decade. 

WLAN 5.2GHz T/R MMICs Emerging now, used for data 
communication 

Short Distance | 5.8 GHz Transceiver Emerging, potentially large 
Communications MMICs | market for remote ID | 

DBS 10.5 - LN converter Existing/mature; requires large 
(Direct Broadcast| 11.5 GHz MMICs & volumes & lowest cost 
Satellite) discrete HEMTs 

Point-to-Point | 13 - 60 GHz T/R MMICs Emerging, fast growth, 1st volume 
Communications application for MMICs >12 GHz 

Video 28 GHz* & LN converter & LMDS started in 1997, MVDS 
Distribution 42 GHz** transceiver will start in 2000. Consumer 
Systems MMICs driven, requires low cost 

Optical links up to 60 GHz digital drivers, Existing, rapidly growing, today 
MUX/DMUX limited to commercial systems 

Satellite 12 - 40 GHz T/R MMICs Emerging, will serve commercial 
Networks and consumer markets 

Automofive 76 GHz Transceiver Emerging in ‘98 but slow growth | 
Radar MMICs until after 2004 
“LMDS = Local Multipoint Distribution System = North America 
“*MVDS = Microwave Video Distribution System = Europe 

Table 1. Systems which will require key GaAs components. Based on material pre- 
sented at GAAS '98 by Heinrich Daembkes, United Monolithic Semiconductors.
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HEMTs All Around 

Daimler-Benz, Thomson-CSF, 
Philips and Bosch Telecom all made pre- 
sentations on GaAs MMIC modules for 
broadband communications. Daimler and 
Thomson use MMICs from UMS: Bosch 
us TriQuint’s  newly  acquired 

microwave operation (formerly part of 
Texas Instruments), and Philips has their 
own GaAs fab at Philips Microwave 

Limeil.  All three fabs use 0.25 pm 
PHEMT processes, and there scemed to 
be unanimous agreement that this is the 
preferred semiconductor technology for 
both the power and low noise functions in 
this application. 

The most detailed presentation was 
from J.P. Viaud of Thomson-CSF. who 

presented a Ka-band (24-26 Gllz) trans- 
ceiver module that will be used in a point- 
to-multipoint distribution system devel- 
oped by PCOM in the UK. Thomson is 
manufacturing the modules at Thomson- 
CSF Microclectronique in Massy. France. 

A block diagram of the module is 

shown in Figure 1. Eight MMICs are 
used - a high power amplifier (HPA). a 

fable gain amplifier (VGA). a low 

amplifier (LNA). two mixers. two 
and a frequency multiplier. UMS 

used three different processes 1o make 
them. 

The frequency multiplicr. the two 
identical buffer amplifiers. the 3-stage 

LNA, and the VGA arc all exccuted using 
the PH25 low noisc PHEMT process. It 
utilizes 0.25 pm Al gates and is applicd to 
very low noise and small/medium signal 
circuits up to 40 GHz. Typical noisc fig- 
ure is 1.5 dB with 8 dB of associated gain 
at 40 GHz. 

The 3-stage HPA is fabricated using 
UMS® PPH25 process, which is a power 
variant of PH25. with a double hetero- 
junction/delta doping cpitaxial sequence 
and a double gate recess for increase lin- 
car power amplification. Typical break- 
down voltage is >10V. and the PPH25 
transistors exhibit about 600mW/mm of 
power density at the | dB gain compres- 
sion point. The up- and down-converters 
are exceuted using a | pm Schottky diode 
MMIC process. 

The assembled module exhibited an 
average conversion gain of 21 dB. with a 
ripple of 0.5 dB. in room temperature 
operation at 24 - 26 GHz. The noise fig- 
ure was below 3.0 dB. 

Other Applications & Devices 

While the focus of the conferences 
was clearly on applications. there were 
some interesting papers relating to 

especially in comparison with MESFETs. 
Alenia grows a large-bandgap n-AlGaAs 
layer on top of a relatively highly-doped 

TXIF ; © 1.4-2.66 GHz 426 GH, 

Local 5 
Oscillator — R — 
11-12GH, | i 

HMLO & [ ~— : 

—@~ 
HMIF armonic £ 

Mixer 

RXIF RX 
1.4-2.66 Hy 24-26 GH, 

Figure 1. Block diagram of a point-to-multipoint Ka-band transceiver module 
developed by Thomson-CSF. Eight MMICs from UMS are used - a high power 
amplifier (HP4), a variable gain amplifier (VGA), a low noise amplifier (LNA), two 
mixers (MIX), two buffers (BUF), and a frequency multiplier (MULT). 
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n-GaAs channel. Afier recess formation 
by wet etching. 1 um TiAl gates are 
deposited. and then their length is reduced 

by selective lateral dry-etching of the Ti 
laver to form a T-shaped gate with the 

desired foorprint length. It was reported 
that this non-lithographic gate scaling 

technique can be rou- 

situation is different in the European stan- 

dards (GSM. DCS). because their modu- 

lation schemes require less linearity. 

Most 900 MHz GSM handsets use silicon 

bipolar PAs. GaAs is more compcutlve in 

the 1800 MHz models. but silicon is not 

far behind in terms of performance. 
Rocchi pointed out that 

tinely applied down to this is an important 

0.3 um. & Siemens is planning a new | “battleground”,  as 

"Compared w | 6" Gads fab, which should be | many forecasters 

MESFETs. the Alenia ‘ ready for use in early 2000~ | believe that GSM will 

HFETs offer bener ‘ the first for analog chips. eventually become the 

performance in terms global standard. He 

of device gain and also suggested that 

bandwidth capability per output power. 
And in comparison to PHEMTS. they are 
easier to grow. and they have a larger cur- 
rent capability. since the channel thick- 
ness is not limited by the critical value for 
pseudomorphic growth. Alenia is devel- 
oping HFET-based circuits especially for 
microwave power applications. wherein 
the device design is aimed mainly at 
achieving large channel conductance. 
high breakdown voliage. good lineariny 
over a wide gate bias range. and reduced 
hot electron effects. 

Siemens Goes for Six 

Of course. it is impossible to have a 
conference on GaAs applications and not 
discuss the wireless markei. Marc Rocchi 
of Philips Microwave Limeil explained 
where GaAs has iis swengihs: digial cel- 
lular phones in North America and Japan 

(e.g. those using the DAMPS. CDMA. 
and PDC sandards). He reported that 
almost all of these devices now use GaAs 
MESFET. HEMT or HBT PAs. But the 

1999 will be the vear when multimode, 

multiband phones really begin to takeoff. 

This could increase the competitiveness 

of GaAs. because of its higher integration 

capability. 
Both Rocchi and Ewald Pettenpaul of 

Siemens expressed some skepticism 
about SiGe's ability to compete in the PA 
market. Pettenpaul told the audience that 
he does not expect any major shifts in the 
nature of the RF semiconductor market. 
Currently. approximately 20% of all RF 
applications are covered by GaAs. and 
Penienpaul believes that this ratio will 

hold. He said no fundamental change can 
be expected in wireless applications up to 
3.5 GHz. meaning cellular and cordless 
phones. WLANs. & GPS. As he put it 
“in simple words. Si dominates the 
receiver market up 1o 2 GHz. whereas 
GaAs is the preferred material for PAs 
above 0.5 W output power due to better 
power added efficiency at low supply 

voltages™. 
He also addressed the likely compet- 

iveness of hetero devices - meaning 

HFET versus MESFET: 10GHz power performance of 1mm gatewidth devices. 
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Figure 2. 4 comparison of Imm gate-width HFET and MESFET power devices from 
Alenia Difesa. 
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HEMTSs, HBTs and SiGe. In his opinion, 
SiGe will result in only minor improve- 

ments for the known cellular and cordless 

phone systems, and therefore it is unlike- 
ly to substitute Si bipolar circuits, due to 

its higher cost. He sees its main potential 
for receivers at higher frequencies (2 - 20 
GHz). GaAs HBTs provide good PAE 

and the advantage of a single supply, but, 
compared with MESFETs, provide 
reduced linearity because they are bipo- 
lar. GaAs HEMT technology, he said, “is 

the best millimeter wave material up to 
100 GHz, because it combines the advan- 
tages of unipolar transistors with out- 

standing performance down to 1.5 V sup- 
ply”. Its major drawback is a 2x higher 
wafer cost compared to GaAs MESFETs, 

The Siemens roadmap for wireless 
handset PAs is still clearly predicated on 

MESFET devices. Pettenpaul showed 
MESFET-based PAs for 3V GSM phones 
with typical PAE of 55%, as well as a 
dual-band PA for GSM handsets with 
PAE of 60%. It uses the super-small SCT 

595 package. a factor of 4 smaller than 

the conventional TSSOP 16 package. But 

he also showed a new HEMT based ver- 
sion of the same chip that is now available 
for higher performance handsets; it has a 

65% PAE. And he also discussed engi- 
neering samples of an HBT-based PA that 

has demonstrated 62% PAE in the PCN 
band. 

Pettenpaul closed with an interesting 

look at the scale of the Siemens GaAs 
operation. Current production volume is 

more than 40.000 wafer starts per year, 

which puts them in the upper echelon of 
GaAs producers. Siemens will produce 
more than 80 million GaAs devices in 
1998. of which roughly half will be 
MMICs.  All three wafer processes 

(MESFET. HEMT and HBT) are current- 
ly being done in 4". but that is no longer 

good enough. So Pettenpaul announced 

that Siemens is planning a new 6" GaAs 
fab. which should be ready for use in 

early 2000. While Vitesse is already run- 

ning a 6" GaAs fab for digital circuits, 
this will be the first for analog chips. 

It is fitting. then. that the next GAAS 
conference will be in Siemens’ back yard, 

as European Microwave Week is moving 

to Munich in 1999.



How Good Can the 

YEAR IN REVIEW 

Group-III Nitrides Get? 

C. R. BOLOGNESI 

ineteen ninety cight indubitably 
N s the “year of the nitrid s 

far as semiconductor material 
breakthroughs are concerned. Only 
recently. the group-I1I nitrides were her- 
alded as the “last frontier™ in semicon- 

ductor science and technology - today. 
the question to ask scems 1o be “how 

good can they ge Elements of the 
answer to this question can be inferred 

from some of the following contributions 

to the ficld. 

Photoenhanced Wet Etching of 
GaN 

The exceptional chemical stability of 
the nitrides makes them very difficult to 
ctch when using conventional wet etch 

solutions. and a wide body of literature 
has developed describing the use of dry 
ctching methods to successfully ctch 

GaN. However. certain device applic: 

tions such as the gate recessing in HFETs. 
are sensitive to ion damage introduced 
during dry ctching. and the development 
of low-damage wet ctching techniques 

yiclding smooth surfaces on GaN is thus 
of great interest. C. Youtsey and co-work- 

ers from the University of [llinois have 

introduced a room-temperature photo- 
clectrochemical wet etching process that 

produces smoothly etched GaN surfaces 
using a KOH solution and Hg arc lamp 
illumination [1]. Atomic force micro- 
scope measurements indicate a root- 

mean-square etched surface roughness of 
15 A. compared to a starting surface 

roughness of ~3 A. Whereas conventional 
wet ctchants used on GaN produce ctch 
rates of the order of 10 A min only. ctch 

rates of 500 A min were obtained with a 
0.02M KOH solution and an illumination 
intensity of 40 mW ¢cm* measured at & = 
365 nm. 

LEO GaN Substrates - is the 

Search Over? 

Last year’s biggest news story was 
undoubtedly the achievement by Shuji 
Nakamura and co-workers from Nichia 
Chemical Industries Lid. of a 10,000 hour 
blue laser. Those devices were grown on 
GaN material depositied on sapphire sub- 

strates using what Nakamura calls epitay 
ial lateral overgrowth (ELOG). but what 

many others call lateral epitaxial over- 
growth (LEO). 

This year Nakamura demonstrated 

InGaN multi-quantum well laser diodes 
grown on pure GaN substrates that were 
produced by first performing lateral epi- 

Figure One. A color CL imaging of a 
LEO GaN layer on SiC. This image has 
been combined with a secondary electron 
image to emphasize the details of the 
LEO layer morphology. The brighter yel- 
low region occurs between the overgrown 
regions. The low-intensity yellow emis- 
sion regions originate from the “window 
regrown” region, i.c., film deposited 
directly over the mask aperture. The 
dark region is the LEO region, which is 
characterized by low defect concentra- 
tion. From Ref. [3]. 
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Figure 3. Process flow for LEO growth and device 
Sformation. (a) LEO growth: an Si0; mask is deposit- 
ed on a GaN film and window stripes are opened to 

During regrowth dislocations 
gion 

the GaN beneath. 
propagate vertically - GaN above the window r 
remains dislocated while laterally grown material has 
reduced dislocation density. (b) Si0, mask is removed 

between the LEO bars and the p-n junction lay 
(¢c) Mesa is etched and metal conta grown. 

deposited to form diode structures. Adjacent diodes 
lie on LEO GaN and on the window regions. From 
Ref. 4. 

50 um 

Figure 4. Photograph of diodes grown using the 
process described in Figure 3. The top row of diodes 

s those in the bottom row are on the 
The inset (lower 

ition of the overgrown GaN and 
I tup was used to compare 

diodes grown on areas of low dislocation density 
(~10° cmr®) to diodes grown on are ) 
cation density (4 x 10° cir?), showing that reverse- 
bias leakage current is reduced by 3 orders of magni- 

are on LEO GaN 
window region (dislocated GaN). 
right) shows the p 
the window region. This 

window 

s of high dis 

tude in the LEO material. From Ref. 4. 
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taxial overgrowth of GaN on a (0001) C-plane sapphire substrate and they 
removing the sapphire substrate by polishing.  The result was a ~g) un 
thick frec-standing GaN-only substrate. Lasers fabricated on it showeg ; 
threshold current density of 5 kA em* and an estimated lifetime of mor: 
than 10.000 hours [2]. 

Which raises the question: is this technique possibly the best way X 
produce a substrate for GaN devices? Given the importance of this ques 
tion. it is not surprising that some of the other highlights of materigly 
rescarch in 1998 involved characterization of LEO GaN material, 

LA Freitas Ir. of the Naval Rescarch Laboratory and co-workers frop 
North  Carolina and  Moscow 
State Universities reported  the 
optical ~ characterization  of 
homoepitaxial — GaN  layers 
deposited by OMVPL on stripe- 

patterned 1.5-2.0 pm thick GaN 
films on substrates. . 6l1-SiC 

Spatially resolved Raman scatter- 
ing spectra indicate an improve- 

ment in the material quality in the 
LEO grown regions that is con- 

sistent with the reduction of biax- 
ial strain and structural defects in 
the overgrown regions. Low-tem- 
perature photoluminescence 
spectra revealed an additional 
emission band  with a zero 

phonon line at 3.263 ¢\' which 

was assigned to a recombination 
process involving shallow donor 

and acceptor defect levels. and 
the temperature dependence of 
the PL signal suggests that  the 
new luminescence band is due to 
the Si donor incorporated from 

the SiO. stripes. Full  color 

cathodoluminescence  (CCL) 
imaging was used 1o investigate 
the spatial distribution of radia- 
tive defects. Blue light emission 
was clearly observed in the LEO 

layers. whereas yellow radiation 
was detected in the more defective GaN epilayers between the Si0; mask 
ing stripes [3]. 

Along similar lines. the eflect of dislocations on the clectrical charac 

teristics of GaN p-n junctions was examined by P Kozodoy and colleague 
from UCSB in an experiment in which L1O was used to produce areas o 
low dislocation density (~10" ¢cm ‘) in proximity to arcas of high disloca 
tion density (4 x 10° em) typical of Ga\ material grown on sapphire (41 
P-n diodes fabricated in the LEO material were sufTiciently small o con 

tain no threading dislocations whereas devices fabricated in the windoy 

region were expected to contain ~200 threading dislocations. The junctie 
current voltage characteristics revealed that the reverse-bias leakage cur 

rent is reduced by 3 orders of magnitude in the LEO material. The remain 
ing leakage current in LEO GaN was found to be related to a deep tg 
level. 

InGaN MQW lasers grown on 
“pure” GaN substrates pro- 
duced by LEO - Nichia 
Chemcial 

« CL imaging of radiative 
defects in LEO GaN layers - 
NRL/Moscow State Unviersity 

« Electrical characterization of 
GaN p-n junctions in LEQ 
structures - UCSB 

« Room-temperature photo- 
electrochemical wet etching 
process for GaN - Univ. 
Illinois 

Micropipe-free 6H-SiC single 
crystals - Universitat 
Erlangen-Nirnberg 

Improved breakdov/n charac- 
teristics of InP HFETs fabri- | 
cated with a lattice-matched 
InAIAsSb Schottky layer - 
National Cheng Kung 
University (Taiwan) 

Growth of DyP/GaAs and 
DyAs/GaAs heterostructures - 
Univ. of Utah 
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Micropipe-Free 6H-SiC 

In another interesting widebandgap 
development. N. Schulze and co-work- 

from the Universitit Erlangen- 
nberg reported the growth of 611- 

ors 

N 
SiC single ¢ 
micropipe delects through the modified 

Lely method. a physical vapor transport 
technique. The authors met with success 
by reducing the temperature gradient to 
5°C em in order to avoid mechanical 
stresses in the crystal and  therefore 

reduce the number of dislocations which 
are thought to be involved in the forma- 
tion of micropipes. Increasing thermal 

gradients to 7.5°C em was found to be 
enough to result in the formation of a 
high density of micropipes (- 200 em). 
Micropipe-free material was grown 

under near equilibrium conditions with a 
source temperature of 2150-2180°C in 

an argon pressure of 30-820 mbar. 
resulting in a maximum growth rate of 

0.27 mm h. Hall effect measurements 
carried out between 70 and 700 K on 

micropipe-lree and conventional 611- 
SiC walers revealed no signilicant dif- 
ference in low-ficld mobility between 
the two walers [5] 

High-Breakdown InP-Based 
HEMTs 

Interest in growing in the use of 
antimony-containing layers in -V’ 
ransistor structures. Su and co-workers 
from the National Cheng  Kung 
University (Taiwan, R.O.C) reported 
improved breakdown characteristics off 

InP HFETs fabricated with a lattice- 
matched Iny, AL AS, <Shy e Schottky 

layer grown by low-pressure metalor- 

nic: chemical vapor deposition. The 
devices exhibited a two-terminal gate- 
to-drain breakdown voltage of 40 V" and 

a three-terminal ON-state breakdown 
voltage of 18 V" at 300 K with a com- 

posite Ga, -In, <:As Gay, <In,-<As chan- 

nel structure. The high breakdown val- 
ues were attributed to the large Schottky 

barrier height  of  ~0.73 ¢\" on 
Iy AL AS Sy« A maximum 
extrinsic  transconductance  of 216 

mS mm was achieved in a 1.5 um gate 
transistor [6]. 

tals that were free ol 

MBE Growth of DyP/GaAs and 
DyAs/GaAs Heterostructures 

And finally. 1998 saw a report on one 
of the more unusual material systems. P.P. 
Lee and colleagues from the University of 
Utah, Lucent. AMD, and the U.S. Army 

Rescarch Laboratories (Adelphi. MD) 
reported the solid source MBLE growth of 
DyP GaAs and DyAs GaAs heterostruc- 
tures. DyP and DyAs have only one stable 
phase with a sodium chloride crystal 
structure and lattice constants of 5.653 
and 5.7894 A respectively. X-ray difl 

tion. transmission clectron microscopy. 
and atomic force microscopy measure- 
ments revealed good quality epitaxy for 
DyP and DyAs layers on GaAs. AFM 

measurements showed an RMS surface 
roughness of 4-8 A for DyP GaAs. and 
10-135 A for DyAs GaAs. Hall effect mea- 
surements indicated that the DyP films 

were n-type with electron concentrations 
of the order of 3.5 x 10° em*and mobili- 
ties between 250 and 300 ¢m? Vs, The 

effective  Schottky 

{2] S, Nakamura ¢t al.. “High-Power. Long- 
Lifetime  [nGaXN GaN AlGaN-Based — Laser 
Diodes Grown on Pure Substrates.” Jpn. ). 
Appl. Phys. 37 (Part 2, 3B) 1.309 (1998). 

[3] LA Freitas Jr. et al.. “Optical characterization 
of I epitaxial overgrown GaN layers.” Appl 
Phys. Lett. 72 (23). 2990 (1998). 

[4] P. Kozodoy et al.. “Electrical characterization 
of GaN p-n junctions with an without threading 
dislocations. Appl. Phys. Lett. 73 (7). 975 (1998) 

[5] N. Schulze et al 
ol micropipe-| 2 3 Y 
physical vapor transport.” Appl. Phys. Lew. 72 
(13). 1632 (1998). 

6] 1-S. Su et al. “High-Breakdown 
Characteristics ol the InP-Based Heterostructure 
Field-EfTect Transistor with In, AL A, <Sby i< 
Schoutky Layer.™ IEEE Electron Device Lew. 19 

(6). 195 (1998). 

[7) PP Lee et al. “Molecular beam epitaxy 
growth and characterization ol DyP G 
DyAs GaAs. s DyP ( 
A DyAs GaAs heterostructures!” 
Technol. B 16 (3). 1467 (199%) 

and 
“ ) Vac. Sci. 

barrier  height  for 
DyP on GaAs was 

estimated to be equal 
10 081 ¢V Irom 1-V 
measurements.  On 
the other hand. 1 

was found to be a 
poor Schottky  con- 
tact on GaAs, but 

Hall data revealed 
clectron concentra- 
tions of the order of 

L5 x 107 em® and 
mobilities in the 
range ol 5-40 
em® Vs, DyP films 

were found to be sta- 
ble in air and showed 
no sign of oxidation 

alter several months 
of exposure [7]. 
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YEAR IN REVIEW 

Top Developments in Microelectronics in 1998 

ROBERT A. METZGER 

oday’s exotic materials and devices 
I quickly become tomorrow’s manu- 

facturable mainstays. We are 
already witnessing this transformation in 
the arca of GaAs. in which the workhorse 
of the GaAs IC industry. the MESFET. is 
starting to give way to more sophisticated 
devices such as the HEMT and the HBT. 
Graphic evidence of this shift is evi- 
denced by the new fabrication facility 
started this year at RFMD that is devoted 
solely to GaAs HBTSs. 

However. this move to more complex 
GaAs-based device structures in the man- 
ufacturing arena is just the tip of the ice- 
berg. To get an accurate asscssment of 
where the I11-V industry may evolve in 
the coming years. you nced to look 
bevond the manufacturing facilities and 
into the rescarch labs and universitics 
where the next generation of devices are 
currently being fabricated. 

Wide Bandgap Devices 

This year. as last. the wide bandgap 
semiconductors continued to make rapid 
progress in the microelectronics arena. 
Nowhere was this more apparent than in 
the arca of GaN. in which two groups 
reported for the first time this year the 
successful fabrication of GaN-based 
HBTs [1.2]. The challenge of producing 
an HBT in the AlGaN GaN system is to 
obtain sufficiently high p-type doping in 
the basc. a task which is very difTicult due 
to the deep acceptor level of Mg. A team 
from CCSB reported on an MOCVD 
grown AlGaN GaN HBT with a 10 Al 
content in the emitter which showed a DC 
current gain of 2-3. They reported that 
this low gain was probably due to a com- 
bination of high recombination r: in 
the base. and to the high resistivity of the 
p-type layer in the b; The second 
group to report on the successtul imple- 
mentation of an HBT was from the 
University of Florida. SVT Associates. 
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Wide Bandgap Devices 

« 15t Reports of AlGaN/GaN HBTs - 
UCSB; Univ. Florida/SVTA/Lucent/Sandia 
« GaN HEMT with extremely high break- 
down voltage - UCSB 

+ GaN-on-SiC HFET with 2.3 W output 
power at 10 GHz - APA Optics/Rockwell 

* GaN HFETs with f, = 67 GHz & 
fmax =140 GHz - Cornell 

* SiC MESFET with 80 W output power 
at 3.0 GHz - Cree 

* GaN-on-SiC HEMT with 6.8 W/mm at 
10 GHz - Cree 

* 15 4H-SiC n-channel MOSFET - NCSU 
« 15 SiC-based transistors and circuits 
operating at 5V - Purdue 

GaAs & InP Devices 

* InAIAs/InGaAs HEMT on InP with 
f, =350 GHz - NTT 

* InAlAs/InGaAs HEMT on GaAs with 
f.=195 GHz - IEMN (France) 

* D-Band InP HEMT monolithic amplifier 
with gain of 30 dB at 140 GHz - HRL 

* E/D InP HEMT ring oscillator with 
record low power delay product - Univ. 
lllinois 

* Transferred Substrate AllnAs/GalnAs 
HBTs with t..,, = 500 GHz - UCSB 

* Manufacturable high speed AlGalnAs 
HBT for 100 Gbps circuits - HRL 

* InP-based HBTs with 2x higher 
IPy/Pyc - TRW 

Further Afield 

* AISb/InAs HEMTs with f. = 180 GHz 
with a Vs of 0.6 V - NRL 

* Ga,0;(Gd0;)/InGaAs MOSFETs with 
transconductance of 190 mS/mm - Bell 
Labs 

* First implementation of a THz detector 
utilizing a 2D electronic fluid in a 
HEMT - RPI/Univ. Florida 

Lucent Technologies and Sandia National 

Laboratorics [see page 10]. They report. 

cd on the operating of their GaN AlGay 
HBT at an clevated temperature of 3005C 

in order to enhance the ionization of the 

Mg acceptors. At this clevated tempera- 
ture the device exhibited a current gain of 
10. using a base doping of Ix10™ ¢m 

Both these initial efTorts demonstrate tha 

GaN-based HBTs are possible. as well as 

demonstrating quite clearly that the con- 
tinuing challenge for GaN-based HBTy 
will be to improve base conductivity. 

In the arca of GaN-based HEMTs, 
improvement in device performance con- 
tinues at a rapid rate. At this years 

IEDM. R. Ventury and coworkers from 
LCSB report on an extremely high break- 
down device which utilizes a cap and 

Schottky layer of Al.«Ga-:N. and were 
able to obtain a maximum  breakdown 
voltage of 405V with a gate to drain sep- 

aration of 7 pum. the highest value report- 
ed to date for a GaN FET. [3] In terms of 

speed and power capabilities. a whole 
host of record-breaking results were 
obtained this year. Gl Sullivan and 

coworkers  from  APA - Opties  and 
Rockwell reported on obtaining a total 

output power of 2.3 W at 10 Gllz opera- 
tion for a HFET grown on SiC. with a 

1.28 mm gate width. at a Vi,  of 33 volis. 

along with obtaining a maximum power 
density of 2.8 Wmm [4]. UCSB GaN 
HEMT efforts resulted in 3 W mm at 18 
GHz with 0.25 um gate length deviees. 
and 2537 Womm with a 31% PALE and 5.1 
dB gain at 10 Gz operation.  Cornell 
reported HEETs with outstanding RF 
characteristies. of £ of 67 GHz and £, of 
140 GHz. while Y-F Wu ctal from LCSB 
reported on observing very little deviee 

degradation when using up to 50% Al 
content in the Schottky laver of the 
device. opening the possibility of these 
structures being designed to contain very 

high levels of cha in the 2DEG. asa 
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result of the large AE. which would be 

produced at this high Al content in the 
Schottky layer.  These GaN HEMTs, 
grown on sapphire were able to attain an 
output power of 2.84 W/mm at 8 GHz. [5] 

While GaN continued to report 
impressive improvements, the other wide 

bandgap material. SiC. was also being 
used in the fabrication of devices with 
impressive performance improvements. 
At the European  Silicon Carbide 
Conference in September. Cree reported 
on a SiC MESFET with a total output 
power of 80 W at 3.0 Gz operation. In 

addition. Cree GaN-on-SiC HEMTs 
achieved a power density of 6.8 W/mm at 
10 GHz with a PAE of 52% and 10.7 dB 
gain - this power density more than twice 

what anyone clse has achieved in SiC or 
GaN [6]. Cree also reported on a SiC 
power diode with a record breal 
blocking voltage of 5900 V. with lo: 

during 2 only 5% of that typ 
ly L\pululud with Si-Based devices [7]. 

Other SiC highlights for this year 
include the first lateral n-channcl MO 
FET fabricated on 4H-SiC by rescarcl 

at North Carolina State University. which 
obtained inversion layer clectron mobili- 
ties of 165 ¢em? Vsee [8] and work from 
Purdue which produced a lateral double 
implanted MOSFET on 4H-SiC which 

exhibited a blocking voltage of 2.6 kV - 

nearly double the previous best value. 

Purdue efforts also resulted in a host of 
SiC-based transistors and simple circuits 
which were the first to operate with only 
a 5 volt power supply [9-10]. 

HR
I.
 

Figure 1. Photomicrograph of a divide 
by eight circuit recently developed by 
HRL Laboratories (formerly Hughes 
Research), showing a detail of the flip- 
flop in the inset. This AllnAs 
/InGaAs/InP HBT-based static divider 
operates at a record 52.9 GH:. 

High Speed 

The new reigning champions for 

speed are the rescarchers at NTT who 
reported at this ycar’s IEDM on an 
InAlAs/InGaAs HEMT lattice matched to 
InP which used a 30 nm gate length to 

obtain a record setting [; of 350 GHz. [11] 

And for those not yet willing to give up 
their GaAs substrates. rescarchers from 
the Institut  D’Electronique  Et De 
Microclectronique Du Nord in France 
reported  on  the  fabrication  of 

InAlAs/InGaAs HEMTs on GaAs using 
In contents which ranged from 30 to 60%. 

For In contents of 50% they were able to 

achieve drain 1o source currents of 
500-650 mA/mm, and transconductances 

up to 1350 mS/mm. In terms of RF per- 
formance. they were able to obtain an f, 

of 195 Gz with a 0.1 pm T-gate struc- 
ture [12]. 

Other  speed  records  utilizing 

HEMTs were set by rescarchers at the 
IHughes Rescarch Labs with a D-Band 

InP HEMT 3 stage monolithic amplifier 
using 0.1 pm gate length AllnAs/GalnAs 

HEMTs. which gave an extremely high 
of 30 dB at 140 GHz. Mecasured 

ns exceeded 10 dB over 129-157 Gliz. 
and up to 5 dB up to 184 GHiz operation. 

[13]).  Rescarchers at the University of 
Ilinois continue to refine their E/D InP- 

ess. using direct cou- 
g labricated a 23- 

stage ring oscillator with a propagation 

delay time of 16.7 ps and a power delay 
product of only 0.322 fl/stage which is 

the lowest reported to date in the InP 
material system [14]. 

The pace of work in InP-based HBTs 

continues 1o accelerate.  Rescarchers at 
UCSB. using their transferred substrate 
approach. continue to set records.  This 

allows them to flip the HBT 

c and fabricate from both sides - see 
Figure 2. As a result. it permits smaller 
collector  dimensions and therefore 

reduces parasitics and improves RF per- 
formance [15-16]. Using this approach. 

the UCSB group have fabricated 
AllnAs GalnAs HBTs with f,,, valucs to 

500 GHz. which have been utilized in the 
fabrication of master-slave flip-flops 
operating up to 48 GHz. along with a dif- 
ferential amplifier with a gain of 11 dB 

and a bandwidth of 50 GHz, which is the 
highest bandwidth reported for such an 
amplifier in any technology. 

Researchers at the Hughes Research 
Laboratorics have developed a manufac- 
turable high speed AlGalnAs HBT 
process targeted for 100 Gbps circuit 

This process supports f, and 
fin matched values of approximately 180 

GHz. with f,,, values as high as 257 GHz. 

Using these devices, they have demon- 

SIN 
insulator 

Figure 2. The UCSB transferred sub- 
strate HBT process. (1) HBT is grown 

on an InP substrate. SiN insulation is 
deposited. (2) Wafer is coated with BCB 

polymer, vias 
plate gold & copper s 
Wafer is inverted, InP 3 
removed, and collector is deposited. 
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HBT amplifier recently reported by TRW 
which obtained a peak gain of 7.6 dB 
over a 44-50 GH: frequency band. The 
peak IP3 figure of 34 dBm at 42 GH. 
corresponds to a record IPy/PDC of 21:1, 
which is a record for MMICs in this fre- 
quency range. 

strated a 52.9 GHz static 1/8 divider - this 
representing the fastest static divider 

reported in any semiconductor technolo- 
gy [17). The circuit consumed 40 
mWlip flop when operating at maxi- 
mum speed. while a second. lower power 
version. consumed only 8.6 mW/flip flop 
at 35 GHz operation. 

For applications where high lincarity 
is critical, researchers from TRW reported 
on an InP-based HBT utilizing devices 
with an f, and f,,,, of 70 and 200 GHz. 
respectively.  With these devices. they 
fabricated an amplifier which obtained a 
peak gain of 7.6 dB over a 44-50 GHz fre- 
quency band. At a bias current of 48 mA 
and a total dc power of 120 mW. the 

amplificr obtained a peak IP; of 34 dBm 
at 42 GHz which corresponds to a record 

IP:/Py of 21:1. a factor of two better than 

state of the art MMICs in this frequency 
range. [18] 

The Future 

It is relatively casy to believe that 
wide bandgap and InP-based devices rep- 
resent the future of compound semicon- 

ductor microclectronics. What is not so 
casy to sce is what may come after them, 
what approaches or devices have the 
potential to open up new applications. 

Crystal-ball gazing can be risky. but sev- 
cral interesting technologics are begin- 
ning to appear on the horizon. 

One such possibility is that of anti- 
mony containing alloys for HEMT struc- 

tures. Groups at NRL. Hughes Research 
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Figure 3. Photograph of an InP-based 

Laboratories and Simon Fraser University 

are pursuing AlSb/InAs HEMTs due to 

the extremely high mobility of InAs and 

the potential for extremely low voltage 

applications. NRL rescarchers reported 

this year on HEMTs with an f, of 180 

GHz with a Vs of only 0.6 V. and showed 

that the HEMT has a noisc figure of 1 dB 

with 14 dB of gain at 4 GHz and Vs of 

0.4 V. [19] Other innovative work came 
from rescarchers at Bell Laboratorics on 
the development of Ga;04[Gd;0:) 
InGaAs enhancement mode n-channel 
MOSFETs. Using 0.75 pm gate length 

devices which exhibited and f, and f,,,, of 

7 and 10 GHz. respectively. they were 

able to obtain an extrinsic transconduc- 
tance of 190 mS/mm. which is an order of 
magnitude better than that obtained with 

InGaAs MISFETSs [20]. 

And lastly. rescarchers at Renssclacr 

Polytechnic Institute and the University 
of Virginia. have reported the first imple- 

mentation of a terahertz detector utilizing 

a 2D clectronic fluid in a HEMT which 
operated at 2.5 THz. Called plasma wave 

clectronics. the terahertz radiation is 

detected by the HEMT as a result of an 

induced DC drain-to-source voltage pro- 
portional to the radiation intensity. [21] 

Many - or maybe most? - of the read- 

ers of this magazine remember when 

GaAs scemed like a pretty exotic semi- 

conductor - and now it is so common as to 

be almost a commodity in some applica- 

tions. It is very likely that some of these 

rather exotic-sounding achievements will 

also eventually result in mainstream com- 

mercial products. 
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Top Developments in Laser Diode R&D in 1998 

GARY WICKS 

emiconductor laser rescarch has 
continued to be very active in 1998. 
however flavor of the research has 

changed somewhat. In past years. semi- 
conductor laser work has been led by epi- 
taxial materials - perfecting the existing 
ones and developing new ones. This type 
of rescarch still goes on. of course. but 
stealing many of this year’s headlines are 
innovations in epitaxial structures and 
laser cavitics. Epitaxial structures that 
have been productive in this vear’s crop of 
semiconductor lasers include quantum 
dots. cascaded active layers and type 11 
quantum wells. And vertical cavity semi- 
conductor lasers (VCSELs) continue to 
cxpand into new wavelengths and func- 
tionalitics. 

Quantum Dots - 
Intentional and Unintentional 

Quantum dots for laser active regions 

offer many theoretical advantages. and 
some arc actually achicved! 

Among the potential benefits are 
modification of the density of states to 
cnable lower thresholds. trapping of carri- 
ers for isolation from non-radiative 
recombination centers. and accessing new 
wavelengths.  Nearly all of the recent 
work involving intentional quantum dots 
utilizes  so-called  Stranski-Krastanov 
dots. strained islands that can be sponta- 
ncou grown by cither MBE or 
MOC The most common material 
system for this approach. InAs dots on 
GaAs-based layers. has produced num- 
bers that rival the much more mature 
quantum well lasers. namely room tem- 
perature thresholds and threshold densi- 
ties [1] as low as 5 mA and 160 A cm?. 
respectively. and output powers[2] up to 
1.5 W. 

Many approaches have been tried 
over the years to make 1.3 pm wavelength 
lasers on GaAs substrates. The important 
communication wavelengths of 1.3 and 

1.55 pm are conventionally made in InP- 
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based materials. which are expensive and 
don’t lend themselves to VCSELSs (more 
on this later). Attempts to move pscudo- 
morphic GalnAs quantum wells on GaAs 

InAs/GaAs Quantum Dot Lasers 

* 5mA threshold density - Fujitsu 

* 1.5 W output power - loffe Inst. 

* RT operation at 1.31 pm - Univ. 
Texas 

VCSELs 

* Quantum cascade VCSEL with 
>100% quantum efficiency - 
Univ. Ulm 

® RT operation of a 1.3 pm 
VCSEL pumped by a 850 nm 
VCSEL - Gore Photonics 

* RT operation of a 2.2 ym 
VCSEL - Univ. du Languedoc 

* Optically pumped 2.9 ym 
VCSEL - NRL 

* Micromachined cantilever 
VCSEL - Stanford 

® 2-D VCSEL Arrays with 
Integrated Detectors - UCSB 

* 3 x 3 High Power 980 nm Array- 
Univ. of Uim 

Across the Spectrum 

® LEO GaN blue lasers - Nichia 
Chemical 

* 400 hour ZnSe laser - Sony 

* 680 nm GalnP laser with 92% 
quantum efficiency - Tampere 
Univ. 

* 870 nm AlGaAs lasers with 16.5 
W output powers - SDL 

* 980 nm Al-free lasers with 11 W 
output power - Univ. Wisc. & 
Sarnoff 
* First RT operation of a 3-5 pm 
laser - NRL & Univ. Houston 
 3-5 pm laser with extremely low 
RT threshold density - Lincoln 
Labs 

substrates out to these longer wavelengths 
have run out of steam in the 1.1 - 1.2 um 
range.  But quantum dots grown by 
depositing partial monolayers of InAs and 
GaAs in a GaAs-based edge emitting 
laser structure have recently been mea- 
sured to exhibit room temperature lasing 
[3]at 131 pm with a threshold density of 
270 A emr. 

A discussion of quantum dot lasers 

wouldnt be complete without the men- 
tion of unintentional quantum dots which. 
at the moment at least. are more impor- 
tant than their intentional counterparts. 

Some ternary  semiconductors.  most 
notably GalnN., have growth instabilities 
that cause inhomogencous compositions. 
Small. low band regions develop. 
immersed in a larger bandgap matrix. 
These unintentional quantum dots are 
thought to play a key role in the surpris- 
ingly high efficiency blue nitride lasers 
and LI 

Cascade Lasers 

In semiconductor lasers, “cascade” 
means that the active region consists of 
many gain layers stacked so that an ¢lec- 
tron flowing through the region has the 
opportunity to cause a photon emission in 
cach layer. The electron is injected into 
the upper lasing level ol one gain layer. 
drops down to the tower lasing level per- 
haps by the emission of a photon. and 15 

subsequently injected into the upper las- 
ing level of the nest gain layer to repeat 
the process all over again. It is theoreti- 

cally possible in these cascade lasers 10 

have more photons coming out than ¢lec- 
trons going in. ie. quantum efliciencies 
greater than 100%, 

Cascade active regions were [irst 
demonstrated several vears ago [4] by 

Bell Labs rescarchers in- unipolar lasers 
that operate on intersubband tansitions in 
quantum wells, This work has continued 

10 evolve. with this vears version operat- 
ing above room lemperature at wave- 
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lengths as long as 11.5 pm. 
Last year the cascade concept was 

extended to bipolar interband lasing tran- 
sitions in type I quantum wells [5). This 
year rescarchers at Sandia National Labs 
used cascaded interband transitions in 
type I quantum wells to make lasers that 
operate at wavelengths near 4 pm at tem- 
peratures below 200K, Another type 1 
interband cascade laser was reported by 
rescarchers from the Ulm University 
(Germany) [6].  They cmployed an 
InGaAs VCSEL operated at a tempera- 
ture of 175K, and observed a differential 
quantum cfficiency greater than 100%. 

VCSELSs Everywhere 

VCSELs have been in vogue for sev- 
cral years now. but their success had 

mainly been limited to GaAs-based mate- 
rials, lasing in the 700 - 900 nm range. 
This yecar VCSELs have appeared in 
diverse of forms and materials. enabling 
operation in many wavelength bands. The 
InP-b: s. which lase at the 1.3 
and 1.55 pm communication  wave- 

. do not lend themselves well to 
s because of insufficient refrac- 

tive index contrast to make good mirrors. 
Nonetheless. there has been a lot of activ- 
ity in these types of VCSELs. with a v 
cty of approaches to circumvent the mir- 

ror difficulty. 
A common approach has been fusi 

one set of epitaxial layers to another set. 

for example fusing an InP-based active 
region between two sets of GaAs-based 

9 

1300 nm ight out 

850 o 
purmp Sngle ( 

Growth VESEL 

L 1300 nm| 
Fuscd <7 Vsl 
lover 
faces 

Figure 1. Schematic of a double-fused 
VCSEL structure developed by gore 
Photonics. The output of the 850 nm 
VCSEL optically pumps the 1300 nm 
device. 

mirror stacks. Gore Photonics recently 
reported a particularly novel approach 
along these lines, [7] consisting of a 
GaAs-based 850 nm VCSEL which is 
fused to and which optically pumps a 1.3 
pm VCSEL. 

VCSELs have now been extended to 
longer wavelengths using antimonide 
materials. French rescarchers [8] have 
reported a 2.2 pym VCSEL with a room 
temperature threshold  density of 2 
kA/em2. The Naval Rescarch Lab has 
reported an optically pumped 2.9 pm 
VCSEL [9] that lases cw up to T=160K. 

Mecanwhile VCSELs in the GaAs- 
based materials have gone beyond simple 
low threshold. high cfficiency devices. 
Stanford rescarchers have reported a 
micromachined cantilever VCSEL [10] 
with a continuously tunable wavelength 
range of 31.6 nm, centered on 935 nm. 
Two-dimensional arrays of VCSELSs have 

been  constructed. 
California at Santa Barbara rescarchers 
have integrated arrays of VCSELs and 
detectors with microlenses for optical 
interconnect applications [11]. 
University of Ulm (Germany) rescarchers 
have produced a 3 x 3 array for high 
power at 980 nm. achicving up to 650 
mW [12]. 

University — of 

Several groups are addressing the 
problem of polarization control of 
VCSELs. Simple VCSELSs are posts that 
arc circular, thus having no preferred 
direction to sct the polarization. 
Asymmetric posts [13], growth on (311) 

B substrates [14] to produce gain asym- 
metry, and uniaxial stress [15] have all 
been used to control polarization. 

Improved Epitaxial Materials 
and Structures 

For three years running, and continu- 
ing into 1998, the star of this show con- 
tinues to be Shuji Nakamura of Nichia 
Chemical for his pace setting work in the 
GaN-based blue laser materials.  This 
year’s results include cpitaxially laterally 
overgrown GaN on sapphire [16] to 
reduce the dislocation density and cnable 
an cstimated lifetime of 10,000 hours. 
Still making quite progress is the other 
short wavelength material based on ZnSc 
in which Sony rescarchers [17] have 
reached 400 hour lifetimes at cw powers 
of ImW. 

Jumping to the other end of the visi- 
ble spectrum, record quantum efficiency 

has been achieved in red lasers [18] by 
rescarchers  at  Tampere  University 
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(Finland) using GalnP-based materials. 

Facet coated edge emitting lasers had 
quantum efficiencies as high as 92% at 
680 nm. 

In the near IR, the traditional 
AlGaAs-based materials and the newer 
“aluminum-free materials” (GalnP/GaAs/ 

GalnAs), continue their battle for high 

power records. SDL [19] has now 870nm 
AlGaAs-based lasers with output powers 
of11.3 W and 16.5 W cw using 100 and 
200 pm wide stripes, respectively. 
Meanwhile, a collaboration of Univ. of 
Wisconsin-Madison and the David 
Sarnoff Research Center [20] has used a 
broad transverse waveguide (see Figure 2) 

in aluminum-free materials to obtain 11 
W cw at a 10° C heatsink temperature in 
a 100 pm wide laser emitting at 980 nm. 
Certainly both of these high power results 
depend on very high quality epitaxial 
material, however the main new develop- 

ment in the broad waveguide work is the 
epitaxial structure. The broad waveguide 
design uses a waveguide core that is many 
times thicker that that used in convention- 
al lasers. The result is that the optical 

mode is nearly completely confined to the 
nominally undoped core, producing very 
low loss and high quantum efficiency. 

Ti 

GoAs 

Ing 51Gag avpl 1.3 um 

Figure 2. Schematic representation of 
Al-free, broad-waveguide 970nm emit- 
ting laser diode fabricated at the 
University of Wisconsin-Madison. The 
device demonstrated electrical-to-optical 
power conversion efficiencies in excess 
of 40% from 1 W up to 10.6 W cw output 
power. 
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Finally, the 2 - 4 pm band has been 

very active in recent years using a variety 

of arsenide / antimonide materials and 

structures. The most impressive result in 

this arca has used a so-called “W" active 

region, named for the shape of the con- 

duction band profile in this cascaded type 

Il quantum well structure. A collabora- 

tion of Naval Research Labs and 

University of Houston [21] has made the 

only 3-5 pm lascr to operatc at room tem- 

perature by using the W structure and 

optical pumping. Another impressive 

result, accomplished by Lincoln Labs 

[22], is the extremely low room tempera- 

ture threshold density of 50 A/cm2 

achicved in a 2.05 pm edge emitter. 

The semiconductor laser results of 
1998 show no loss of momentum in a 
very active field. Some predictions for 

the near future scem fairly safe: practical 
implementations of optical interconnccts. 

blue laser commercial products. 1.3 pm 

VCSELs and high performance room 

temperature diode lasers at longer wave- 
lengths. Quantum dots and nitrides may 

continue to provide surpriscs. perhaps 

finally filling in the void in the middle of 

the visible spectrum. 
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Research Review 
The following is a sampling of recent papers from a variety of international journals, 

compiled by the staff of Compound Semiconductor. 

Compound Semiconductor Materials 
2DEG Density in AlGaN/GaN HFETs 
N. Maeda et al, Appl. Phys. Lett., 1998, 73(13), p. 1856 

ncreasing the 2DEG density in AIGaN GaN HFETSs is a fundamental way to improve the high 

Ipm\cr operation of these devices. This paper. from NTT. calculates maximum 2DEG densi- 
ties (N in HFETs with wurzite crystal structures in the (0001) orientation. and reports that 
the maximum clectron density depends more strongly on the lattice relaxation than on the Al 
composition. AlGaN GaN HFETs normally have a GaN channel with an ALGa,. \N barrier: the 

Al composition x affects the conduction band discontinuity AE, at the hetero-interface. The lat- 

tice relaxation parameter ratio R (R=0 for an unrclaxed structure. R=1 for complete relaxation) 

also affects the 2DEG density duc to the piczoelectric charge at the hetero-interface. which aris- 
es from the strain caused by the lattice mismatch. As the accompanying graph shows. an unre- 
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Dependence  of  the maximum 
2DEG density Ny ., on Al composi- 

laxed heterojunction is essential for obtaining a high N, 

although increasing x usually increases Ny, the 2DEG der 

conscquential increase in lattice mis 

value. The graph also 
ity could actually dec 

natch causes R to increase. Therefore. controtling the lat- 
tice relaxation is crucial to obtain high electron density in devices in this material system. 

tion x, as a function of the relax- 
ation ratio R. Values were calcular- 
ed for a simple HEET with a 150 4 

Al Ga, N barrier layer uniformly 

doped at 6 x 10'% cnr', 

hows that 
¢ il the 

Improved Quality of MBE-Grown GaN Using In as a Surfactant 
F. Widmann et al, Appl. Phys. Lett., 1998, 73(18), p. 2642 

In the growth of GaN by MBE using an RF plasma source. the 
metal nitrogen ratio critically governs the structural defect den- 

sity. clectronic propertics and yellow band emission of nitride 
films. This paper. from CEA/Grenoble. France. reports the use of 
In as a surfactant species to modify the surface growth kinetics. 
in particular to increase the Ga mean free path. allowing growth 
of GaN with improved clectrical and optical propertics under N- 
rich conditions. 

GaN was grown on sapphire at 700°C. following nitridation 
and AIN buffer growth. After a growth pause during which In 
was deposited on the surface at 700°C. the RHEED pattern dur- 
ing GaN growth was different and much more intense RHEED 
oscillations were observed. GaN grown in the presence of In 
exhibited an intense band-edge luminescence free of the compo- 

nent at 3.41 ¢V which is characteristic of defects associated with 
growth in N-rich conditions. TEM studies of GaN grown under 

N-rich conditions showed stacking faults and a rough surface 
morphology. which were not observed for material grown under 
Ga-rich conditions or under N-rich conditions in the presence of 
In. 

When Inis deposited on the GaN growth surface at 700°C 
during the growth pause. InN does not grow: instead. the In seg- 
regates and wets the surface. The role of In is to saturate the free 
bond of the N atoms. allowing Ga to diffuse (reely on the surface. 

ce and many fewer stacking faults. In 
owth conditions limit Ga surface mobility. 

e morphology. leading to rough sur| 

High Performance 0.25 pm p-type Ge/SiGe MODFETs 
G. Hock et al, Elec. Lett.,, 1998, 34(19), p. 1888 

his paper. from the University of Ulm and Daimler Benz. 
reports the fabrication of a 0.25 pm gate length p-type Ge 

channel modulation-doped FET (MODFET). with a maximum 
operating frequency f,,,, of 85 GHz. The structure was grown by 
MBE on an n-type Si substrate with a 5 pm thick strain-relaxed 
SiGe buffer with compositional grading up to a Ge content of 
60%. The 9 nm thick. p-type Ge channel was sandwiched 
between 5 nm thick. undoped Si, ;Ge,, spacers and 5 nm thick. 
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p-type Sin oGy, supply lavers. A 21 gas hole mobility of 1870 
cm? \ s was measured for a sheet carrier density of 2.1 x 10+ 
e The deviees exhibited DC transconductances of up to 160 
mS mm and saturation currents up to 300 mA mm. The f; value 
of 32 Gilz is more than double that of the best p-type Si 
MOSFETs with the same gate length, while the f., value (83 
GHz) is comparable 10 n-type SiGe MODFETs



RESEARCH REVIEW 

Microelectronic Devices and Circuits 

Decision and Modulator Driver ICs For 40 Gbit/s Optical Transmission 
[1]Z. Lao et al, IEEE J. Solid-State Circuits, 1998, 33(10), p. 1520 

[2] K. Murata et al, ibid, p. 1527 

High speed. reliable electronic components are increasingly in demand for the develop- 
ment of cost-¢flective. optical transmission systems operating at speeds as high as 40 

Gbit s. The figure opposite shows a simplified block diagram of part of an optical fiber 

transmission system. Afler the incoming data is multiplexed up to the correct data rate for 
transmission. signal regeneration is performed by a data decision circuit (DEC). which also 
minimizes noise and jitter at the maximum system bit rate. The driver IC amplifies the s 

nal and drives the Mach-Zchnder or electro-absorption modulator (MOD). which modifics 
the laser output to transmit the data down the optical fiber. 

The Fraunhofer Institute in Freiburg reports [1] a 40 Gbit/s monolithically integrat- 
cd data decision and modulator driver 1C. operating at 40 Gbit's and fabricated using a 

0.2 pm gate length AlGaAs/In s HEMT technology with an f, of 68 Gllz The 1xI1 

mm- [Cs contain a data decisi ated with a differential ampli- 
fier and an output driver. On-wafer measurements with 50 € coplanar probes showed an 

output voltage swing of 2.9 V. at cach output. a slew rate of 200 mV.ps. and a measi 
clock phase margin ol ]()r The IC Imd a modudlL po\\u dis p.lliun ul'l 6 W us 
gle supply volta 4 

Process nmlunl\/ ma 
Optical Newwor 
Yo of the 1) of the devi 

using a superdynamic D-| 

1 superdynamic - able 1o operate nearly twice as 

cal fil Iu'r transmission system, ) 
ing the multilpexer (MUX), decision 
circuit (DEC), driver, modulator 

(MOD) and laser 

Systems reports ( ] lhdl Wi Ink a mn\uluolml (static) master- sl(l\c [) type I'hp flop {I) FH can operate at dmuml 25 
(. Therefore. 40 Gbit/s operation was achieved 

F implemented with a 0.12 pm gate length GaAs MESFET. with [} of 98 GHz and ,,,, of 97 GHz. 
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RESEARCH REVIEW 

InGaAs Single Electron Transistor 
H. Okada et al, Solid-State Elec., 1998, 42(7-8), p. 1419 

he formation of single electron transistors (SETs), which has 

been achieved in several Si-based and metal-based systems, 
requires confinement of electrons in a small area using an abrupt 
high potential barrier. 1I-V SETs have previously used planar 
Schottky split-gate structures on a 2DEG. however the confine- 
ment potential is weak and gradual. This paper. from Hokkaido 
University, reports the use of a Schottky wrap gate structurc 
implemented in an InGaAs ridge quantum wire grown by sclec- 
tive-area MBE (see top diagram). The SET was fabricated by 

forming ohmic contacts at each end of the quantum wire, and 
overlaying two Pt wrap gate clectrodes (sce middle diagram). 
When a gate bias is applied. the depletion regions in the quantum 
wire isolate a quantum dot between the electrodes (sce bottom 

diagram). The dot size and barrier height are determined by the 
gate bias. The SET showed clear and reproducible conductance 
oscillations up to 27 K. with an effective Coulomb gap of 10 

meV. 

InGaAs Quantum Wire 
(311) A 

411) A 

(1A 

Wrap Gate Orain 

"~Source 

Gate Electrodes 

Depletion Region 

Quantum Dot 

(Top) Schematic cra ction of InGaAs quantum wire 
(Middle) Positioning of wrap gate e¢lectrodes (Bottom) View 
Srom above showing quantum dot formation. 
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Optoelectronic Devices 

Sb-Based Mid-IR Type Il Quantum Well Lasers 
Y. Rouillard, presented at the 10th ICMBE, Cannes, Sept. 
1998 

he 2-3 pm spectral range is very attractive for Tunable Diode 
Laser Absorption Spectroscopy (TDLAS) because absorp- 

tion bands of many s are much stronger at these wavelengths 
in comparison with shorter wavelengths. High performance 
diode lasers employing type I GalnSbAs GaAlSbAs QWs and 

operating near 2.0 pm at room temperature have already been 
reported. To increase the emission wavelength. both the In and 

As content in the QW should be increased and the band align- 

ment in the active zone becomes type 11 
This paper. from University of Montpellier I1. described low 

threshold current type 11 GalnSbAs (..1Sb QW edge emitting 

lasers. grown by MBE. The undoped ed of five 6- 
8 nm thick compressively strained qlmmmn wells with 30 nm 
thick GaSb barricrs enclosed between GaSh spacers. The com- 

position of the Ga,.In,As,Sb,, QW was varied in the range x = 

0.26-0.5. y = 0.08-0.22 to obtain diflerent emission wavelengths. 
Low threshold Fabry-Perot edge emitting lasers were fabricated 

operating between 2.0 and 2.65 pm. The RT threshold current 
density was in the vicinity of 300 A em? for devices unimnu 

bx.(\\un 20 .md 2.4 um dnd nuumd up 1o l N k/\ cm? lm 

successfully used for TDLAS ol methane and carbon monoxide. 
The same group has also fabricated VCSELs with 

QWSs in the active region. These devices operated between 2.2 
and 2.35 pm at RT in the pulsed regime. 

220 K Operation of 3.4 pm Type-ll Laser 
E. Aifer et al, Elec. lett., 1998, 34(16), p. 1587 

pplications such as [R-countermea and mid-IR chemi- 

cal sensing require lasers with a practical operating temper- 
ature. at least within the range of thermoclectric coolers. This 
paper. from the Naval Research Lab. Sarnofl Corp... and Sensors 

Unlimited. reports an optically pumped type I laser operating at 
3.4 pm with over 50 pW output power at 220 K. The structure. 
grown by MBL on an n-GaSb substrate. has a W-shaped con- 
duction band profile. with Sb-based hole QWs sandwiched 
between InAs electron QWs. The active region has 80 periods 
of 16 A InAs 25 A Gay-In,:Sb 16 A InAs 40 A AlAs,.Sb..: 
surrounded by AlGaAsSb optical cladding layers. For optically 
pumped CW operation. the maximum output power at 120 K 
was 27 mW (for 16-20 Hm stripe widths). The threshold pump 
intensity was 600 W em? at 78 K. and the characteristic temper- 
ature T, was 51 K over the range 78 - 220 K. 
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RESEARCH REVIEW 

Optoelectronic Devices [cont.] 

High Response Photodiodes based on Be-Chalcogenides 
J. Siess et al, presented at 10th IC-MBE, Cannes, Sept. 1998 to be published in J. Crystal Growth) 

bandgap materials for optoclectronic devices. largely 
because the incorporation of Be into the [I-VI material 

increases the degree of covalent bonding in the lattice. The result- 
ing “lattice hardening™ effect in Be-chalcogenide materials such 
as BeMgZnSe is supposed to reduce defect generation and prop- 
agation, and therefore enhance the lifetime of green laser diodes. 
Both LEDs and laser diodes based on BeMgZnSe have already 
been realized. using epilayers grown by MBE. The high structur- 
al quality of Be-compounds and the possibility to tune the 

bandgap of quaternary BeMgZnSe lattice matched on GaAs from 
2.8 ¢V to more than 4 ¢\ also makes the material interesting for 
photodetector application: 

U\ detection has a wide range of applications, particularly 
when the UV component can be detected in the presence of a 
large visible or infrared background. Possible applications are 
tlame and heat sensors, plasma diagnostics. environmental con- 
trol through biological or chemical reactant detection. ozone 
monitors, or engine controlling. This paper. from the Universi 
of Wiirzburg. Germany. reports the tabrication of efticient 
photadiades for the detection of UN-radiation that are i 
o wavelengths longer than around 0.435 ym. 

The p-i-n detector structures were grown by MBE on epi- 
ready. p-doped GaAs wafers, using a 300 nm. p-type GaAs epi- 
taxial butter to provide a flat surtace for 11-V1 growth. The 1I1-V1 
structure has a p-type BeTe laver. an undoped BeMgZnSe active 
layer with a bandgap of ~2.9 e\l and an upper n-type BeMgZnSe 

Bc~cm|lninil\g 11-VI semiconductors are promising high 

FRsMgZriSe n-BeMgZnSe 

Figure 1. Band structure of the BeMgZnSe BeTe p-i-n photo- 
diode, grown by MBE. The BeTe buffer eliminates stacking 
[faulrs, and blocks electrons originaring in the GaAs substrate. 

layer. The BeTe layer serves two important purposes: firstly. it 
climinates stacking faults which arc often found in Se-containing 

11-VI structures grown on GaAs. duc to the chemical reaction of 
Se with the GaAs surface. Also. the wide bandgap of BeTe is nec- 
essary to achieve a low responsivity at wavelengths above ~0.43 
um. The GaAs substrate absorbs photons with energies between 
1.42 ¢V and 2.9 eV (the bandgaps of GaAs and the BeMgZnSe 

active layer respectively). forming electron-hole pairs: however, 
the BeTe barrier prevents electrons originating in this way from 
contributing to the photocurrent. (See figure 1). 

Arrays of square cells were fabricated with different active 
arcas. Photodiodes dark currents were limited by the noise of the 
measurement equipment, with an upper limit in the order of 10 
A.at -1 V and room temperature. The breakdown in reverse 
direction occurred at -25 V. The quantum efficiency and respon- 
sivity as functions of wavelength are shown in figure 2. Below 

the bandgap of BeMgZnSe. the photodiode is transparent. while 
the sensitivity for wavelengths below 450 nm is a factor of 4 x 
10* higher than in the transparent region. 

The maximum responsivity of 225 mA W' was obtained at a 
photon energy of 2.86 ¢V, which corresponds to a wavelength of 
~433 nm. The peak quantum efficiency is 63 0. In comparison. 
the responsivity of commercialized GaN-based Schottky diodes. 
in the range 300-365 nm. is around 130 mA W [see CS 42). 
p.10]. In the current work. the reason for the relatively broad cut- 
offat 430 nm. and the sensitivity at wavelengths between 430 nm 
and 600 nm. is possibly due to the high carrier concentrations in 
the doped regions. or to a leakage current from the GaAs back to 
the photodiode. Future work will include increasing the 
BeMgaZnSe bandgap up to 3.1 ¢\ 1o reduce the cut-oft wave- 

length and increase the solar-blind properties of the photodiodes. 
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Figure 2. Quantum efficiency and responsivity of the 
BeMgZnSe/BeTe p-i-n photodiode.



EDITORS’ PICKS 

Editors’ Picks 

Editing a magazine is serious business. Really, it is. 
But, given that this is the last issue for the year, the editors would like to share a few 

non-serious items which have crossed their desks in the past 12 months... 

Best Conference Logos 

Euro MBE '99. which will 
be held March 28 - April 1. 
1999 at Les Arcs (Savoie). 
France. The emphasis at this 
series of workshops is on 

“informal interaction” (read 
skiing). But all the attendees 
are expected to attend early 

morning and evening technical 
sessions as veell. Therefore in 

the conference logo the epitaxial growth process has been clever- 

ly disguised as an alpine skiing excursion. Or is it vice versa?? 

The 7th International Conference on Chemical Beam 
Epitaxy and Related Growth Techniques. v/hich viill be held July 

27-30. 1999 in Tsukuba. Japan. Are they molecules? Wafers? 

We're not sure. be vve do think it is cute. Sign us up. 

11th American Confer- 
ence on Crystal Growth & 
Epitaxy. vshich viill be held 

August 1-6. 1999 in Tucson 

Arizona. Georgia O'Keefe has 
met her match in the ACCGE 
committee. vho have come 
up vith a very clever use of 

desert imagery - highly 

appropriate for a group brave 

enough to host a conference 
in Tucson in early August. The cactus represents a faceted crys- 

tal: the sun is a spiral defect. the tumblevzeed is either a dendritic 

structure or a nasty threading dislocation. and the mountains are 

growth hillocks 

AC 

1999 

Name Game, Part I: 

Coherent recently introduced a high speed laser called 
Vitesse. Should Vitesse retaliate with a high speed IC called 
Coherent? 

Name Game, Part II: 
Unfortunately, we have to single our friends at the ECE 

Department at UCSB for a little abuse. Through no fault of their 
own, they have been assigned a web server named “FETish". 
Apparently, someone on the systems administration side of things 
though that would be a clever takeoff on Field Effect Transistor. 
The result is that their WWW address is “FETish.ece.ucsb.edu”. 
Which is a shame, because their email server is named “Scully”. 
Why not “Mulder” or even “CigaretteSmokingMan” for the web 
site? 

Name Game, Part III: 

The company called Vixel no longer makes VCSELs. 

A 
Beam Output 

Max. 
Rating 

Current 

This graph of light output power vs. forward current char- 

acteristics for laser diodes appeared in the Mitsubishi Electric 
Optoelectronics catalog. Use it to explain to your new employ- 
ees what happens if you turn the power up too high. 

And our top picks are.... 

Marie: 1999 Super Bowl, Minnesota 28, Denver 21. 

Tim: 1999 FA Cup Final, Huddersfield Town 3, Wolves 0. 

Very best wishes for a Happy and Properous New Year 

from the entire staff of Compound Semiconductor. 
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COMPOUND SEMICONDUCTOR SUPPLIERS DIRECTORY 

The Compound Semiconductor Suppliers Directory 

The top two hundred companies supplying equipment, materials and services to the compound semiconductor industry. 

A. Bulk Crystal Growth 
Equipment 
Amistar 
Eagle-Picher Technologies 
Epigress 
Kayex Corp. 
Leybold Systems 
MR Semicon 

B. Epitaxial Growth 
Reactors & Related 
Equipment 
Addon 
Aixtron 
CTA Centrotherm 
CVD Equipment Corp. 
DCA Instruments 
Emcore 
Mi EMF 

EPI MBE Products 
Epigress 
HanVac 
JALPELEC 
Leybold Systems 
MBE - Komponenten 
Oxford Applied Research 
Raboutet 
Riber 
SVT Associates 
tectra GmbH 
Thomas Swan 
VG Semicon 
VTS-CreaTec 
Weliman CJB 

LPE 
Aixtron 
CTA Centrotherm 
CVD Equipment Corp. 
Epigress 

MBE 
Addon 
DCA Instruments 
EPI MBE Products 
MBE - Komponenten 
Oxford Applied Research 
Raboutet 
Riber 
SVT Associates 
tectra GmbH 
VG Semicon 
VTS-CreaTec 

MOCVD/MOVPE 
Aixtron 
CVD Equipment 
Emcore 
EMF 
Epigress 
HanVac 
J.LP. ELEC 
SVT Associates 
Thomas Swan 
Wellman CJB 

INDEX 
GaAs SiC CVD 

Aixtron 
CVD Equipment Corp 
Epigress 
J.LPELEC 

SiGe/UHV-CVD 
Aixtron 
CVD Equipment Corp. 
DCA Instruments 
Epigress 
Leybold Systems 
Riber 
SVT Associates 

Other Epi Reactors 
Aixtron (CVD,LPE) 
CVD Equipment (CVD, VPE) 
J.L.P. ELEC (CVD) 
Riber 
SVT Associates (CVD) 

C. Epiwafers/Epitaxial 
Growth Services 
APA Optics 
Blue Lotus Micro Devices 
Coherent Tutcore 
Cree Research 
CTA Centrotherm 
Dora Texas 
Eagle-Picher Technologies 
Emcore 
EMF 
Epigap 
Epitaxial Products Int| 
Epitaxial Technologies 
Epitronics 
Furukawa Electric 
Hitachi Cable 
Japan Energy 
Kopin 
MBE Technology 
Mitsubishi Chemical 
Nordic Epitaxy 
Ovation Semiconductor 
Picogiga 
Procomp Informatics 
Quantum Epitaxial Designs 
Shin-Etsu/Kanematsu 
Showa Denko 
Spire -~ 
Sumitomo Chemical 
Sumitomo Electric 
Technologies & Devices Int'! 
Three-Five Compounds 
TLC 
United Epitaxy Company 
Visual Photonics Epitaxy 
VTS-CreaTec 

Antimonides 
Blue Lotus Micro Devices 
Dora Texas 
Emcore 
Epitaxial Technologies 
Ovation Semiconductor 
Picogiga 
Spire 
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Coherent Tutcore 
CTA Centrotherm 
Dora Texas 
Emcore 
EMF 
Epigap 
Epitaxial Products Int'l 
Epitaxial Technologies 
Epitronics 
Furukawa Electric 
Hitachi Cable 
Japan Energy 
Kopin 
MBE Technology 
Mitsubishi Chemical 
Nordic Epitaxy 
Ovation Semiconductor 
Picogiga 
Procomp Informatics 
Quantum Epitaxial Designs 
Showa Denko 
Spire 
Sumitomo Chemical 
Sumitomo Electric 
Three-Five Compounds 
TLC 
United Epitaxy Company 
Visual Photonics Epitaxy 
VTS-CreaTec 

GaP 
CTA Centrotherm 
Dora Texas 
Emcore 
EMF 
Epigap 
Epitaxial Products Int'| 
Mitsubishi Chemical 
Ovation Semiconductor 
Shin-Etsu/Kanematsu 
Showa Denko 
Spire 
Three-Five Compounds 
TLC 
United Epitaxy Company 

InP 
Coherent Tutcore 
Emcore 
EMF 
Epitaxial Products Int'l 
Epitaxial Technologies 
Epitronics 
Furukawa Electric 
Japan Energy 
MBE Technology 
Nordic Epitaxy 
Ovation Semiconductor 
Quantum Epitaxial Designs 
Showa Denko 
Spire 
Sumitomo Electric 
TLC 

Nitrides 
APA Optics 
Blue Lotus Micro Devices 
Emcore 
Epitronics 
Technologies & Devices Int'l 
Three-Five Compounds 

Sic 
Cree Research 
Epitronics 
Technologies & Devices Int'l 

Other 
Eagle-Picher Technologies (II-Vls) 
Emcore (Oxides) 
Keystone Crystal Corp. (CdTe) 
Spire (1I-VIs) 

D. Gas 
Purification/Monitoring/ 
Deliver 
Advanced Process Technology 
Aixtron 
CS Clean Systems 
Eagle-Picher Technologies 
Johnson Matthey 
Matheson Electronic Products 
MKS Instruments Inc. 
Mott Corporation 
MST Measurement Systems 
Praxair 
SAES Pure Gas Inc. 
Solkatronic Chemicals 
Weliman CJB 

E. In-Situ Monitors 
Bomco 
Cl Systems 
Comstock 
Filmetrics 
Hiden Analytical 
Inomtech Products 
Intelligent Sensor Technology 
Ircon 
J. A. Woollam Company 
K-Space Associates 
On-Line Technologies 
Staib Instruments 
Thermionics Vacuum Products 
Thomas Swan 

Ellipsometry 
Bomco 
Inomtech Products 
J.A. Woollam Company 
On-Line Technologies 

Mass Spectrometry 
Comstock Inc. 
Hiden Analytical 
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Pyrometry/Optical Temp. Materials Characterization Lift-Off 
Measurement 
Bomco 
Cl Systems 
Ircon 
Thermionics Vacuum Products 

RHEED 
K-Space Associates 
Staib Instruments 

F. Materials 
Characterization 
Advanced Research Systems 
Atago Bussan 
Bede Scientific Instruments 
Bio-Rad Micromeasurements 
Bruker AXS 
Cameca 
Cascade Microtech 
Inomtech Products 
J.A. Woollam Company 
Lake Shore Cryotronics 
Lehighton Electronics 
MSI Electronics 
Oxford Instruments Research Inst. 
Philips Analytical 
Semilab Inc. 
Semimetrics Ltd. 
Soen Instruments 
SPECS GmbH 

Cathodoluminescence (CL) 
Oxford Instruments 

Ccv 
Bio-Rad Micromeasurements 
Lake Shore Cryotronics 
Lehighton Electronics 
MSI Electronics 
Semimetrics 
Soen Instruments 

DLTS 
Bio-Rad Micromeasurements 
Inomtech Products 
Semilab 

Ellipsometers (Ex-Situ) 
Inomtech Products 
J.A. Woolam Company 

Hall 
Advanced Research Systems 
Bio-Rad Micromeasurements 
Semimetrics 

PL 
Advanced Research Systems 
Atago Bussan 
Bio-Rad Micromeasurements 
Philips Analytical 

Probe Stations 
Cascade Microtech 

SIMS 
Cameca 
SPECS GmbH 

XRD 
Advanced Research Systems 
Bede Scientific 
Bruker AXS 
Philips Analytical 

¢ Franklin Publishing 

Services 
Charles Evans & Associates 
Soen Instruments 
Technologies & Devices Int'l 

G. PBN and Graphite 
Products 
Advanced Ceramics Corp. 
Graphite Die Mold 
Performance Materials 
Shin-Etsu/Kanematsu 
Sintec Keramik 

H. Processing 
Advanced Energy Industries Inc. 
AET Thermal 
Allied Signal Electron Vision 
ASM Lithography 
ASTEX 
CHA Industries 
CcvC 
DCA Instruments 
Extreme Lithography 
Implant Sciences Corporation 
Insaco 
Integrated Systems Engineering 
lon Beam Services 
J.I.P. ELEC 
Johnsen Ultravac 
Karl Suss America Inc. 
Oxford Instruments Plasma Tech. 
PlasmaQuest 
Plasma-Therm 
Polaron CVT Ltd. 
Samco International 
SCP Global Technologies 
Solid State Equipment Corp. 
South Bay Technology 
Spectrum Sciences 
Technics Plasma GmbH 
Tectra GmbH 
Tegal Corporation 
Temescal BOC Coating 
Technology 
Thermionics Vacuum Products 
Torr International 
Trikon Technologies Inc. 
UES Inc. 
Veeco Instruments 

Implanters/implant 
Services 
Implant Sciences 
lon Beam Services 
Spectrum Sciences 
UES Inc. 

lon-Beam 
Systems/RIE/CAIBE 
CVC Inc. 
1ICO Customized Water Services 
lon Beam Services 
Oxford Instruments Plasma Tech. 
Plasma-Therm 
South Bay Technology 
Torr International 
Trikon Technologies 
Veeco Instruments 

Allied Signal 
CHA Industries 
Trikon Technologies 

Lithography Equip. & 
Services 
ASM Lithography 
Extreme Lithography 
Karl Suss 

Metallization 
C Inc. 

DCA Instruments 
Johnsen Ultravac 
Polaron CVT Ltd. 
Temescal 
Thermionics 
Trikon Technologies 

Plasma Systems 
Advanced Energy Industries 
STEX 
CVC Inc. 
Oxford Instruments Plasma Tech. 
PlasmaQuest 
Plasma-Therm 
Samco International 
South Bay Technology 
Technics Plasma 
tectra GmbH 
Tegal Corporation 
Trikon Technologies 

RTP/RTCVD Systems 
AET Thermal 
J.IPELEC 
CVC Inc. 

Sputtering Systems 
CVC Inc. 
DCA Instruments 
Oxford Instruments Plasma Tech. 
Polaron CVT 
South Bay Technology 
tectra GmbH 
Torr International 
Trikon Technologies 

Wet Stations 
SCP Global Technologies 
Solid State Equipment 
Corporation 

Processsing, Other 
Allied Signal (photoresist cure) 
Insaco (wafer carriers) 
Integrated Systems Engineering 
(consulting) 

J.LLP.ELEC (SiC annealers) 
Karl Suss (spin-coating) 
Silvaco International (modeling) 
Solmetex (GaAs wastewater 
treatment) 

1. Semiconductor 
Materials 
Akzo Nobel 
Atlantic Metals & Alloys 
Atramet 
Brush Wellman 
CMK 
Dowa Mining 
Eagle-Picher Technologies 

Electron Transfer Technologies 
EMF 
Epichem 
Indium Corporation 
Intercrystal 
Insaco 
Japan Energy 
Johnson Matthey Electronics 
Marketech International 
Mining & Chemical Products 
Mochem 
Morton International 
Nimtec 
PPM Pure Metals 
Praxair 
Promecome Electronics 
Rhodia 
Solkatronic Chemicals 
Solmetex 
Stratedge Corporation 
Strem Chemicals 
United Mineral & Chemical 
Wafer Technology 
Wellman CJB 

Elemental Chemicals/MBE 
(Solid) Sources 
Atlantic Metals & Alloys 
Atramet 
CMK 
Dowa Mining 
Eagle-Picher Technologies 
Indium Corporation 
Intercrystal 
Japan Energy 
Johnson Matthey Electronics 
Marketech International 
Mining & Chemical Products 
Nimtec 
PPM Pure Metals 
Promecome Electronics 
Rhodia 
United Mineral & Chemical 
Wafer Technology 

Group V Hydrides [arsine. 
phosphine, ammonia; 
Electron Transfer Technologies 
Praxair 
Solkatronic Chemicals 

Metalorganics 
Akzo Nobel 
Eagle-Picher Technologies 
EMF 
Epichem 
Marketech International 
Mochem 
Morton International 
Strem Chemicals 

Other 
Brush Wellman 
(metal matrix composites) 

Insaco (AI203 wafer carriers) 
Solmetex 
(GaAs wastewater treatment) 

Stratedge Corporation 
(ceramic packages) 

Wellman CJB 
(hydrogen generators) 
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Sumitomo Electric GaP ] 
J. Software Sumitomo Metal Mining American Xtal Technology Airtron 

ign & Modeli Technologies & Devices It Atramet Cree Research 
Design & Modeling Union Carbide Dora Texas Dora Texas 
Eaglewate Comotation Union Miniere Intercrystal Epitronics galuey Moosiig Virginia Semiconductor JX Crystals Marketech Intemational 
BE EEsof Divislon i Wafer Technology Marketech International SiCrystal 
mplant Soences Conoralion Waer World MTI Sterling Semiconductor 
Integrated Systems Engineering " Nova Electronic Materials Technologies & Devices Int'l 
Shvaco Intenational Antimonides Promecome Electronics Sonnet Software Atramet Shin-Etsu/Kanematsu Substrates, lll-V, Other 
Top-Vu Technology Dora Texas Showa Denko Amistar (ternaries) 
UES Inc. Firebird Semiconductors Sumitomo Metal Mining Atramet (InAs) 

trol Johnson Matthey Electronics Crystallod (ternaries) 
Growth Control JX Crystals manium Intercrystal (InAs) - 

EPISMI? = Produets Intercrystal American Xlal Technology Marketech International (InAs) 
v?—ls% Te Marketech International Dora Texas MTI (InAs) ) 

rlregles MTI Eagle-Picher Technologies Promecome Electronics (InAs) 
Promecome Electronics Laser Diode Inc. Sumitomo Electric (InAs) 

K. Substrates Sumitomo Electric Nova EleclrorE\ic Materials Waer Technology (InAs) 
Airtron Wafer Technology Promecome Electronics bstrates, Misc. Other 

American Xial Tachfiology CdTe, CdZnTe Union Mniete: Subetlen! 200} 
Amistar Amistar InP Eagle-Picher (ZnSe, Zn0) 
Alramet Intercrystal Airtron Intercrystal (1I-Vls) ’ 
CMK Japan Energy American Xtal Technology Johnson Matthey Electronics Crystaconm. Johnson Matthey Electronics Atramet (I1-Vis) 
Crystal Specialties Keystone Crystal Crystacomm Marketech International Crystallod Nimtec Dowa Mining (I-Vls. Oxides) Dowa Mg InPACT MTI Corp. (oxides) 
Dora Jeas logi GaAs Intercrystal Union Miniere (ZnSe and ZnS) 
Eagle-Picher Technologies Airtron Japan Energy Virginia Semiconductor (Si) Epitronics American Xtal Technology X Crystals Waler Worid (31) 
Fueblrd Semiconductors Atramet MiA Com 
reiberger CMK . . 

Furukawa Electric Crystal Specialties m%kelech International L. Recycling 
Hilachi Gabla Dowa Mining Nimtec Wafers/Scrap Material 
P " po Teuas Nova Electronic Materials Alantic Metals & Alloys InPACT Freiberger Promecome Electronics OMK 4 Insaco Furukawa Electric Showa Denko 2 N 
Intercrystal itachi Y . Eagle-Picher Technologies 35 Hitachi Cable Sumitomo Electric i n Ener i 1II-V Reclaim Japa 9y ) IV Reclaim Water Technology oY e 
Johnson Matthey Electronics Intercrystal Picopolish 
JX Crystals M/A Com Sapphire PPP Pure Metals 
Keystone Crystal Marketech International Atramet ;;omecoma Electronics Laser Diode Inc. Mitsubishi Chemical Crystar Imetex M/A Com MTI Dora Texas Union Miniere 
Marketech International Nova Electronic Materials Insaco Waler World 
Mitsubishi Chemical Picopolish Marketech International i ,’:,T"ec ;mmecgmekEleclrcnics MTI M. Wafer Scribe/ 
s ; ) howa Denko Nova Electronic Materials i ; Nova Electronic Materials Sumitomo Electric Promecome Electronics Break/Dice/Polish/Etc. 

Picopolish Sumitomo Metal Mining Union Carbide Dynatex International 
Promecome Electronics 
Shin-Etsu/Kanematsu 

Wafer Technology GTI Technologies 
Logitech Division SiCrystal 
Loomis Industries Showa Denko 
Manufacturing Technology Inc. Sterling Semiconductor 
South Bay Technology Inc. 

Not Listed? 
If your company is not listed in this year’s directory, please contact the editor so that we can include 

you in next year’s edition. Send your contact information to: 

Editor 
Compound Semiconductor Magazine 

Franklin Publishing, 163 Cabot Street, Beverly, MA 01915 USA 
TEL: [1] 978 927 9994  FAX: [1] 978 927 9893 

editor@compsem.com 
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Addon Creative Epitaxy 
Equipment 
19 rue des Entrepreneurs 
Carrieres Sur Seine 78420 Fr. 
Contact: Pierre Bouchaib 
TEL: [33] 1 3915 3999 
FAX: [33] 1 3915 5636 
mbecells @imaginet.fr 

A main supplier of high quality 
components for MBE technology. We 
design and manufacture MBE 
material specific effusion cells and 
sources and dedicated components 
for MBE reaclor upgrades. Our 
customer base includes major R&D 
laboratories and leading -V 
epiwaler production houses. 

Advanced Ceramics Corp. 
PO Box 94924 
11907 Madison Ave. 
Cleveland, OH 44101-4924 USA 
Contact: Larry Mann 
TEL: [1] 216 529 3776 
FAX: [1] 216 529 3975 
info@advceramics.com 

The world's leading producer of 
Boralloy pyrolytic boron nitride (PBN) 
products ~ for the purification, 
compounding and crystal growth of 
-V and ~ 1I-VI semiconductor 
malerials.  Other products include 
heaters, metal carbide coatings. hot- 
pressed  boron  nitride  and 
composites, powders and sprays. 

Advanced Energy Industries 
Inc. 
1625 Sharp Point Drive 
Fort Collins, CO 80525 USA 
Contact: Marna Shillman 
TEL: [1] 970 407 6280 
FAX: [1] 970 407 5280 
marnas@ftc1.aei.com 

AE is a leading global supplier of 
power conversion and ~ control 
systems for plasma-based thin-film 
processes. AE's systems refine. 
modify. and control the raw power 
from "another source and produce 
output power that is uniform. 
predictable. and precisely repeatable 
to deposit or remove identical films of 
unvarying thickness. 

Advanced Process 
Technology 
911 E. Arapaho Road, Ste 105E 
Richardson, TX 75081 USA 
Contact: Steven Boldish 
TEL: [1] 972 238 1298 
FAX: [1] 972 238 1195 
aptsteve @aol.com 
APT offers the only liquid level sensor 
that  works  ‘reliably  without 
contamination on metal organic and 
other liquids. The bubbler will no 
longer have to be disconnected to 
determine the amount of material 
present, nor will you have to depend 
on unreliable ~ calculations ~and 
computer programs. 

¢ Franklin Publishing 

Advanced Research Systems 
1942 Riverbend Road 
Allentown, PA 18103 USA 
Contact: Ravi Bains 
TEL: [1] 610 439 8022 
FAX: [1] 610 439 1184 
arscryo@aol.com 

A supplier of Laboratory Cryogenic 
Systems for sample studies and 
malerial characterization. Products 
include Closed Cycle Cryostats and 
Helium Flow Cryostats to do IR, UV 
and Vis. spectroscopy. PL, Hall 
Eftect, X-Ray Diffraction, Resistivity 
and others. Typical applications with 
sample in vacuum or vapor, UHV. low 
vibrations, elc. 

AET Thermal 
695 East Brokaw Road 
San Jose, CA 95112 USA 
Contact: Edward Blanchard 
TEL: [1] 408 573 8898 
FAX: [1] 408 573 8988 
aetrtp@aol.com 
The AET Thermal RX Series 
technology permits users to configure 
RTP/RTCVD systems required for 
virtually any thermal application. The 
fully integrated process environment 
fealures rapid heating/cooling rates. 
gas (1-8 lines) control/mixing. 
atmosphere and vacuum process 
capability. Max substrates: RTP - up 
to 15 inches; RTCVD - up to 8 inches. 

Airtron 
A Division of Litton 
Electronic Materials Group 
200 E. Hanover Avenue 
Morris Plains, NJ 07950 USA 
Contact: Robert Ochrym 
TEL: [1] 973 539 5500 x501 
FAX: [1] 973 539 2210 
rochrym@littonairtron.com 

Largest producer of Sl GaAs in the 
world. 6" wafers commercially 
available. Ready for Epi™ walers 
available for specific epi processes. 
3" InP now available. 

Aixtron AG 
Kackertstrasse 15-17 
Aachen D-52072 Germany 
Contact: Marc Deschler 
TEL: [49] 241 89 09 24 
FAX: [49] 241 89 09 40 
info@aixtron.com 

The world's leading manufacturer 
focusing exclusively on MOVPE 
equipment for . compound 
semiconductors. Production 
equipment for UHB-LEDs (incl. blue 
and green), laser diodes. space solar 
cells, p-HEMTs, HBTs. Large scale 
reactors for ferroelectric or high 
epsilon  dielectrics. Efficient 
manufacturing with lowest cost of 
ownership. Worldwide service and 
consulting network. 

Akzo Nobel Chemicals Inc. 
Deposition Chemicals 
730 Battleground Road 
P.O. Box 600 
Deer Park, TX 77536 USA 
Contact: Dick Pearce 
TEL: [1] 281 479 8100 x299 
FAX: [1] 281 479 4517 
dick.pearce @akzo-nobel.com 

Offers oxygen-free. low silicon TMI 
TMG and TMAI select semiconductor 
f,’adfl OMVPE metalorganic sources. 
Isers confirm very low oxygen and 

silicon levels via SIMS in AlinGaP 
and like layers. Certified NMR and 
ICPES analysis help insure purily. 
Other IlI-V sources and dopants 
available. World-wide distribution. 

Allied Signal Electron Vision 
Group 
10119 Carroll Canyon Road 
San Diego, CA 92131 USA 
Contact: Ken Livesay 
TEL: [1) 619 695 9255 
FAX: [1] 619 695 9317 
ken.livesay @alliedsignal.com 

Electron  Vision’s ELECTRON- 
CURE™ production system stabilizes 
and cures pholoresists, polyimides, 
SOGs and other interlayer dielectrics 
at low temperature. Special applica- 
tions include a simple process for 
creating lift-off profiles with an) 
photoresist. The ELECTRONCURI 
production unit features a fully 
automatic wafer handling system for 
75mm to 200 mm walers. 

American Xtal Technology 
4311 Solar Way 
Fremont, CA 94538 USA 
Contact: Theodore Young 
TEL: [1] 510 683 5900 x103 
FAX: [1] 510 683 5901 
sales@AXT-VGF.com 

Largest U.S. producer of GaAs. 
Leader in commercializing VGF 
which resulls in low dislocation 
density, low internal stress and high 
uniformity from boule to boule and 
water to waler. 

Amistar Inc. 
353 Cyril Owen Place 
Victoria, BC V8X 3X1 Canada 
Contact: Robert Redden 
TEL: (1) 250 544 1451 
FAX: [1] 250 479 1608 
amistar@islandnet.com 

Offers bulk crystal growth of ternary 
and quaternary 1lI-V and II-VI 
compound semiconductors prepared 
by the traveling heater method 
(THM). Also provides custom crystal 
growth and consulting and prototype 
equipment. Currently concentrating 
on the THM growth of bulk CdZnTe. 

APA Optics, Inc. 
2950 NE 84th Lane 
Blaine, MN 55449 USA 
Contact: Anil Jain 
TEL: (1] 612 784 4995 
FAX: [1) 612 784 2038 
Offers custom epitaxial GaN/AlGaN 
layers; areas of special expertise 
include HFET devices and UV 
detectors. 

ASM Lithography 
8555 South River Parkway 
Tempe, AZ 85284 USA 
Contact: Peter Cheang 
TEL: [1) 800 227 6462 
FAX: (1] 602 383 3995 
steppers@asml.com 

ASML is a world leading photolithog- 
raphy equipment company offering 
step-and-repeal, and step-and-scan 
exposure tools. Ilts mission is to pro- 
vide reliable, leading-edge imaging 
solutions to continuously improve 
customers’ global competitiveness. It 
offers a wide product portfolio, with 
resolution down to 0.18 micron, fo 
address the lithography requirements 
of the compound semiconductor 
manufacturers. 

Atlantic Metals & Alloys Inc. 
PO Box 386 
Old Greenwich, CT 06870 USA 
Contact: Robert Knopf 
TEL: [1) 203 359 8881 
FAX: [1] 203 359 9948 
atimetal @ix.netcom.com 

Offers high purity gallium metal with 
purity up to 7N. " Also purchases Ga 
and GaAs scrap. Also a supplier of Pt 
group melals including Pt thermocou- 
ple wire. 

Atago Bussan Co., Ltd. 
4-13-4, Kitakasai, Edogawa-ku 
Tokyo 134-0081 Japan 
Contact: Seiichi Hirakawa 
TEL: [81] 3 5667 7351 
FAX: [81] 3 5667 7355 
LDU05177@nifty.ne.jp 
Atago Bussan (Horiba Group) is 
manufacturing various kinds of 
photoluminescence (PL) measure- 
ment systems known as Photo- 
luminor.” Based on spectroscopy we 
can offer microscopic PL and PLE 
products. We can also offer PL 
mapping systems and wafer-handiing 
systems for industrial use. 

Atramet Inc. 
222 Sherwood Avenue 
Farmingdale, NY 11735-1718 USA 
Contact: Gary Newman 
TEL: [1] 516 694 9000 
FAX: [1] 516 694 9177 
BABL28A @prodigy.com 

Manufacturer of ultra high purity 
chemicals and metals including high 
purity Be, As, P and other MBE-grade 
chemicals. Also custom production & 
small batch sizes of substrates. S| & 
SC GaAs, GaSb, InAs, InSb and 
undoped n-type and p-type InP in all 
major orientations. 
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Astex 
35 Cabot Road 
Wobum, MA 01801 USA 
Contact: Ed Kelly 
TEL: [1] 781 937 5148 
FAX: [1] 781 933 0750 
kelly@astex.com 

Designer and manufacturer of plasma 
processing  equipment, ozone 
equipment and specialty DC. RF and 
microwave power generators. 

Bede Scientific Instruments 
Bowbum South Ind. Est.,Unit 130 
Bowbum, Durham DH6 5AD UK 
Contact: Doug Challis 
TEL: [44] 191 377 2476 
FAX: [44] 191 377 9952 
sales@bede.co.uk 

Bede is a leading global manufacturer 
of analytical X-ray charactenization 
equipment. now _celebrating its 20th 
anniversary. Bede's product line 
includes: ~ high-resolution  X-ray 
diffractometers for R&D as well as 
quality control, the new Microsource™ 
X-ray generator. analysis software. 
and expert service. 

Bio-Rad Micromeasurements 
Bio-Rad House 
Maylands Avenue 
Hemel Hempstead, Herts. 
HP2 7TD UK 
Contact: Dale Page 
TEL: [44] 181 328 2290 
FAX: [44] 181 328 2580 
sms_sales @bio-rad.com 

Semiconductor  Characterization 
Systems _including the PN4300PC 
ECV Profiler. HL5500PC Modular Hall 
System. RPM2000 Rapid Photolumi- 
nescence Mapper. PL9000 FTPL 
System. HL5900PC Hall Profiler. 
PN4350PC  Photovoltage Spectro- 
meter. DL8000 FT DLTS System. 
RC2400 Alloying Furnace. 

Blue Lotus Micro Devices 
7620 Executive Drive 
Eden Prairie, MN 55344 USA 
Contact: James Van Hove 
TEL: [1] 612 934 2100 
FAX: [1] 612 934 2737 
jvanhove @bimd.com 

A subsidiary of SVT Associates offer- 
ing II-V epiwafers. including Ill-nitride 
wafers for HEMTS. photodetectors and 
emitters. Antimonide and other mate- 
nials are available for development. 

Bomco, Inc. 
125 Gloucester Ave. 
Gloucester, MA 01930-2294 USA 
Contact: Mark Standley 
TEL: [1] 978 283 9000 
FAX: (1] 978 283 2882 
custserv@bomco.com 

Manufactures low-strain. fused quartz 
UHV windows which permit the use of 
optical pyrometry. ellipsometry. light 
scattering and RDS to obtain data in 
real time. 

Bruker AXS 
Oestliche Rheinbruckenstr. 50 
Karlsruhe, 76187 Germany 
Contact: Randy Dohack 
TEL: [49] 721 595 4955 
FAX: [49] 721 595 6693 
randy.dohack @bruker-axs.de 

D8 DISCOVER - our Diffraction 
Solution for Material Research and 
Development - an X-ray diffractometer 
which will always keep you one step 
ahead of the future. Solutions for 
determination of layer thickness, com- 
position and lattice mismatch and rec- 
Iprocal space mapping: reflectometry 
studies for layer thickness. density. 
surface and interface roughness: 
absolute lattice parameter determina- 
tion by the bond method as well as the 
investigation of orientation and stress 
effects in epitaxial layers. 

Brush Wellman 
6100 S. Tucson Blvd. 
Tucson, AZ. 85706 USA 
Contact: Lisa Valenzuela 
TEL: [1] 520 746 0699 
FAX: [1] 520 573 9077 
Lisa_Valenzuela@ 
brushwellman.com 

Brush Wellman offers a variety of 
advanced copper/tungsten (Cu/W) 
composites using a press and sinter 
manufactuning process. These com- 
posites are ideal for use in solving 
packaging demands in the RF and 
Microwave. Computer. Laser Diode. 
and Semiconductor markets. 

Cameca 
103 Boulevard Saint-Denis, BP 6 
Courbevoie Cedex 92403 
France 
Contact: Jean-Jaques Le Goux 
TEL: [33] 143 34 62 49 
FAX: [33] 143 34 63 50 
legoux@cameca.fr 

For over 30 years. Cameca has been 
the world leader in Secondary lon 
Mass Spectrometers (SIMS). SIMS 
instruments measure the quantitative 
depth profile of dopants and impunties 
in semiconductor material. Cameca 
SIMS are extensively used for 
monitoring  the  fabrication  of 
semiconductor devices and related 
technological processes. 

Cascade Microtech 
2430 NW 206th Avenue 
Beaverton. OR 97006 USA 
Contact: Bryn Wilson 
TEL: [1] 503 601 1000 
FAX: [1] 503 601 1140 
sales@cmicro.com 

Cascade Microtech manufactures 
probe  stations.  probes  and 
accessories that provide complete 
Advanced Microelectronic Probing 
Solutions. With Cascade Microtech. 
you get not only precision tools. but 
the analytical test experience you 
need to make accurate. repeatable 
measurements. 

CHA Industries 
4201 Business Center Drive 
Fremont, CA 94538 USA 
Contact: Paul Metzler 
TEL: [1] 510 683 8554 
FAX: [1] 510 683 3848 
pmetzler@chaindustries.com 

CHA Industries’ high vacuum deposi- 
tion systems have been addressing 
GaAs lift-off technology for more than 
two decades. CHA systems offer 
computer control of GaAs processes 
ranging from R&D to full production. 
Lift-off fixturing upgrades for larger 
substrate diameters are available at 
CHA now. 

Charles Evans & Associates 
301 Chesapeake Drive 
Redwood City, CA 94063 USA 
Contact: Salman Mitha 
TEL: [1] 650 369 4567 
FAX: [1] 650 369 7921 
smitha@cea.com 

1SO 9002 centified commercial 
analytical service laboratory providing 
surface and microanalytical materials 
characterization. Services available: 
both magnetic-sector and quadrupole- 
based SIMS,TOF-SIMS, XPS/ESCA, 
RBS. HFS, PIXE, NRA, FTIR. and 
TXRF.  Other techniques include: 
AES, SEM/EDS, FE-SEM, In-Lens 
FE-SEM. AFM/SPM.  chromato- 
graphy.head-space analysis, XAF and 
Raman micro-probe. We also have a 
team of analysts who work exclusively 
with ll-V materials. 

Cl Systems 
30961 W. Agoura Road 
Suite 109 
Westlake Village, CA 91361 USA 
Contact: Yael Baharav 
TEL: [1] 818 865 0402 
FAX: [1] 818 865 0403 
yaelb@ci-systems.com 

Develops and manufactures a variety 
of noncontact wafer temperature 
monitoring tools for the semiconductor 
industry. The complete line of 
temperature monitoring  systems. 
which includes both pyrometers and 
systems based on other optical 
principles. offers solutions for the 
different types of applications. The 
NTM500. introduced August 1998 is 
an emissivity independant pyrometer. 

CMK Ltd. 
Sandricka 30 
Zamovica 966 81 Slovakia 
Contact: Alex Murin 
TEL: [421) 858 681 21 41 
FAX: [421] 858 681 21 25 
sales@cmk.sk 

Offers 4N Ga metal plus recapture of 
Ga from any GaAs scrap. Also Sl and 
SC GaAs substrates using closed (no 
waste) manufacturing cycle - best 
prices compared to other substrate 
manufacturers. Also offering poly 
GaAs boules for VGF growth. 

Coherent Tutcore Ltd. 
Kauhakorvenkatu 52 
P.O. Box 48 
Tampere 33721, Finland 
Contact: Harry Asonen 
TEL: [358] 50 67 580 
FAX: [358] 3 571 600 
Harry.Asonen@TUTCORE.FI 

One of the first companies to 
implement MBE growth of opto- 
electronic (GalnAlAsP) materials on a 
multiwafer system.  Specializes in 
laser diode materials; also has good 
expertise in InP/inGaAs HBTs and 
GalnP/GaAs solar cells. 

Comstock Inc. 
1005 Alvin Weinberg Drive. 
Oak Ridge, TN 37830 USA 
Contact: Yoshio Muraoka 
TEL: [1] 423 483 7690 
FAX: [1] 423 481 3884 
ymuraoka @ comstockinc.com 

The Comstock Model 104M mini- 
TOF™ Time-of-Flight Mass Spectro- 
meter is designed for on-line process 
gas analysis up to 1,000 amu, with a 
unit mass resolution and sub ppm min- 
imum detectable limit. A “single shot" 
analysis of the enlire mass range 
takes only 25 microsec, allowing max- 
imum rep rate of 40.000 Hz. 

Cree Research Inc. 
4600 Silicon Drive 
Durham, NC 27703 USA 
Contact: Melanie Pennell 
TEL: [1] 919 361 5709 
FAX: (1] 919 361 4630 
melanie_pennell@cree.com 

Offers single crystal SiC wafers and 
epitaxy in 1 3/8" (35mm) and 2" 
(50mm) diameters. 

Crystacomm Inc. 
1599 North Shoreline Bivd. 
Mountain View, CA 94043 USA 
Contact: George Antypas 
TEL: [1] 650 961 4311 
FAX: (1] 650 961 4364 
gantypas@aol.com 

Complete range of SC and Sl InP 
products in bulk and wafer form. InP 
from 2" to 4" dia. with low defect 
density. State of the art epi-ready 
wafers. 

Crystal Specialties Inc. 
2853 Janitell Road 
Colorado Springs 
CO 80906 USA 
Contact: Thomas Stavish 
TEL: [1) 719 540 0990 
FAX: [1) 719 540 0994 
crystal.spec@pcisys.net 

Utilizes three different crystal growth 
techniques providing wide flexibility of 
substrate shapes and specifications. 
Has been supplying GaAs substrates 
world-wide for over 25 years.
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Crystallod Inc. 
25 Fourth Street 
Somerville, NJ 08876 USA 
Contact: William A. Bonner 
TEL: [1] 908 575 0803 
FAX: [1) 908 575 0794 
wabonner-crystallodinc 
@worldnet.att.net 

Specialist in bulk ternary lll-V _single 
crystal growth research. Current 
emphasis is the InPAs system. Also 
offers specialty research and custom 
malerials synthesis. 

Crystar 
A Johnson Matthey Company 
102-721 Vanalman Avenue 
Victoria, BC V8Z 3B6 
Canada 
Contact: Fran Steeds 
TEL: [1] 250 479 9922 
FAX: [1] 250 479 2734 
fsteeds @jmcrystar.com 

Offers the most advanced levels of 
consistency and uniformity. Max. dia. 
5. Manufacture of sapphire wafers 
for use as epitaxial substrates is a 
specialty. 

CS Clean Systems 
Fraunhoferstrasse 4 
Ismaning 85732 Germany 
Contact: Joe Guerin 
TEL: [49] 89 9624 00 0 
FAX: [49] 89 9624 00 22 
welcome @cscleansys.de 

Cleansorb dry absorber technology 
chemically “removes  hazardous 
effluent gases at room temperature. 
Cleansorb:  passive removal of 
hazardous pump gases from process 
equipment.  Cleanvent: sale. at- 
source  treatment  within  supply 
cabinets. Clean-Protect: abatement 
of emergency toxic gas releases. 

CTA Centrotherm 
Halbleitertechnologie GmbH 
Joseph-von-Fraunhofer-Str.7 
52477 Alsdorf, Germany 
Contact: Mr. U. Fritz 
TEL: [49] 2404 90680 
FAX: [49] 2404 906868 
fritz@centrotherm.de 

Specialists in LPE. develops epi 
reactors and technologies including: 
FEA-IV for green emitters (horizontal 
fumace. 60 wafer capacity); and FEA- 
V for all IR types (compact vertical 
furnace. with 1 melt/400 wafer or 5 
melts/50 waler capacity). Visit CTA on 
the Web at www.centrotherm.de 
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CVC Inc. 
3100 Laurelwood Ct. 
Fremont, CA 94538 USA 
Contact: Brian Renner 
TEL: [1] 510 770 9200 
FAX: [1] 510 770 9320 
Brenner@cvc.com 

CVC has extensive experience with 
PVD deposition of GaAs related metal 
systems. CVC offers both DC and RF 
deposition  processes for  the 
production of MESFET gate stacks, 
ohmic contacts, thin film resistors and 
dielectric layers. Visit CVC on the web 
at www.cve.com. 

CVD Equipment Corp. 
1881 Lakeland Avenue 
Ronkonkona, NY 11779 USA 
Contact: Karen Hamberg 
TEL: (1) 516 981 7081 
FAX: [1] 516 981 7095 
info@cvdequipment.com 

Manulfactures custom CVD. LPE, 
VPE, MOCVD, SiGe, SiC, GaN 
Deposition _ Systems,  Hydrogen 
Annealing Furnaces. Gas Control 
Systems, CZ Crystal  Growing 
Systems and Custom Quartzware 
related to the semiconductor industry. 

DCA Instruments 
1 Hill Top Lane 
White Plains, NY 10607 USA 
Contact: Myung Lee 
TEL: [1) 914 421 1969 
FAX: [1] 914 946 6766 
dcausa@worldnet.att.net 

Specializes in UHV Deposition 
systems offering standard systems for 
HI-V. 1I-VI. CMT-UHV. metal MBE. 
UHV sputtering, UHV Laser Ablation 
and UHV CVD. Also offers a wide 
range  of  retrofittable  MBE 
Components.  Components  include 
effusion cells, a zero-wobble substrate 
manipulator  and  soft  action 
magnetically driven linear shutters. 

Dora Texas Corp. 
2642 Shelby Drive 
Pearland, TX 77584 USA 
Contact: Michael Digilov 
TEL (1) 713 334 7277 
FAX [1] 713 334 5543 
Digilov@neosoft.com 

Supplier of GaAs and other 
substrates. Epiwafers LPE/VPE 
/MOCVD and LED & LDs with range of 
wavelengths visible, IR, Mid-IR. 

Dowa Mining Co. Ltd 
8-2 Marunouchi 1-Chome 
Chiyoda-ku 
Tokyo, 100-8282 Japan 
Contact: Kishu Okuda 
TEL: (81] 3 3201 1067 
FAX: [81] 3 3201 1098 
okudak @dowa.co.jp 

GaAs & InP substrates with lowest 
EPD in the world (VGF). Very 
compelitive price (LEC, VGF). Good 
electrical uniformity (LEC).  Also 
offering high purity Ga metal. 

Dynatex International 
5577 Skylane Boulevard 
Santa Rosa, CA 95403 USA 
Contact: Leanne Schmidt 
TEL: [1] 707 579 4227 
FAX: [1] 707 542 8599 
sales@dynatex.com 

Dry Process Dicing Equipment. 
Includes the first 6" scribe & break 
option for Ill-V Materials and other 
applications.  Specialized systems 
available for LEDs, laser bars and 
diodes. There are a full range of 
diamond dicing blades which are 
complimented by a wide range of 
dicing lubricants with high speed, 
conductive, anti corrosive and 
cleansing formulations. Also available 
are thin film adhesives for dicing. 
lapping and grinding operations. 

Eagle-Picher Technologies 
ESAT Department 
200 B.J. Tunnell Bivd. 
Miami, OK 74354 USA 
Contact: Bob Brown 
TEL: (1] 918 542 1801 
FAX: [1] 918 542 3223 
esat@galstar.com 
Offers epitaxy of II-VI compounds by 
MBE and MOCVD. 

Eagle-Picher Technologies 
P.O. Box 47 
Joplin, MO 64802 USA 
Contact: Bill Harsch 
TEL: [1] 417 623 8000 
FAX: [1] 417 781 1910 
bharsch@epi-tech.com 

Largest capacity for production of 
electronic grade Ge substrates. Also 
unigue in the production of lI-VI 
materials including ZnSe up to 3" dia. 
(grown by SPVT) and ZnO up to 20 
mm sq. (grown by PVT). Also offering 
UHP precursors, high purity Ga & Ge 
melal. Also recycles GaAs and Ge- 
containing scrap. 

Eagleware Corporation 
4772 Stone Drive 
Stone Mountain, GA 30084 USA 
Contact: Todd Cutler 
TEL: [1] 770 939 0156 
FAX: (1] 770 939 0157 
eagleware @eagleware.com 

Eagleware develops and distributes 
software used in the design of GaAs 
ICs and other high frequency Circuits. 
Synthesis.  design  entry, and 
simulation products help éngineers 
design  better circuits faster. 
Eagieware is the leader in providing 
accessible design software:  the 
products are easy lo use and easy to 
learn and have very affordable prices. 

Electron Transfer Technologies 
155 Campus Plaza 
PO Box 5812 
Edison, NJ 08818 USA 
Contact: William Ayers 
TEL: [1] 732 225 3995 
FAX: [1] 732 225 3580 
wmaett@aol.com 

Offers on-site AsH3 and PH3 gas 
generators which provide the highest 
purity gas available while eliminating 
the hazards of compressed gas 
cylinders. Gas_generalors available 
for MOCVD, GSMBE and doping 
applications. 

Emcore Corporation 
394 Elizabeth Avenue 
Somerset, NJ 08873 USA 
Contact: Peter Broskie 
TEL: [1] 732 271 9090 
FAX: (1] 732 271 9686 
info@emcore.com 

The world’s leading technology 
company in the field of MOCVD 
equipment and compound 
semiconductor materials. The 
company manulactures TurboDisc™ 
MOCVD Deposition systems, which 
are the world's most widely used multi- 
walfer manufacturing systems for 
oploelectronic devices. Applications 
include HB-LEDs, laser diodes, solar 
cells, electronic devices (e.g. FETs, 
HEMTs, HBTs, MMICs). 

Emcore E2M Division 
394 Elizabeth Avenue 
Somerset, NJ 08873 USA 
Contact: Gareth Llewellyn 
TEL: (1) 732 271 9090 
FAX: [1] 732 271 9686 
info@emcore.com 

E2M Division is the world's largest 
merchant compound semiconductor 
epi foundry. Produces solar cells, 
electronic . and  oploelectronic 
structures. A broad range of statistical 
tools and state-of-the-art character- 
ization lab ensures high quality 
product. 

EMF Limited 
71 Panton Street 
Cambridge, CB2 1HL, UK 
Contact: Jim Dixon 
TEL: (44] 1223 364 080 
FAX: [44] 1223 354 701 
jd@emf.co.uk 

Supplies custom epiwafers. 
specializing in lasers and LEDs. Also 
supplies metalorganics proprietary 
DEOX™ process. This ensures high 
quality 'and eliminates oxygen 
impurities. Unique ultrapurge bubbles 
with 3 valve configuration eliminates 
contamination on bottle changes. 
Remodeled MOCVD systems also 
available. 
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EPI MBE Products Group 
4900 Constellation Drive 
Saint Paul, MN 55127 USA 
Contact: David Reamer 
TEL: [1] 651 482 0800 
FAX: [1] 651 482 0600 
http://www.epimbe.com 

EPI leads the MBE industry with its 
innovative designs. Many of the 
world's  leading  research and 
production facilities are utiizing EPI's 
patented effusion cell technology to 
enhance the performance of their 
MBE systems. With over 10 years 
experience, EPI has pioneered the 
development of material specific 
effusion cells and systems. 

Epichem Ltd. 
Power Road 
Bromborough 
Wirral, Merseyside L62 3QF 
United Kingdom 
Contact: Lesley Smith 
TEL: [44] 151 334 2774 

: [44] 151 334 6422 
lesley@epichem.co.uk 

Offers UHP low-oxygen metal- 
organics. Proprietary adduct purific- 
ation technology ~ yields volatile 
ccompounds including those of Al, Ga. 
In, As, P, Zn, S, Sb, N and Mg. New 
facility in USA_ provides dual 
production capability and assures 
customers of uninterrupted delivery of 
critical metalorganic needs. 

Epigap Optoelektronik 
Koepenicker Str 325b 
Berlin, 12555 Germany 
Contact: Bernd Kloth 
TEL: [49] 30 6576 2543 
FAX: [49] 30 6576 2545 
kloth@epigap.de 

Offers liI-V epiwafers for pure and 
yellow green, red and infrared 
emission; plus DDH structures, GaP 
UV pholodetector, and  other 
structures. 

Epigress AB 
Ideon 
Lund 223-70 Sweden 
Contact: Goran Berg 
TEL: [46] 46 286 8985 
FAX: [46] 46 286 8989 
goran.berg@epigress.se 

Supplies SiC CVD systems based on 
a hotwall reactor concept which gives 
extremely pure layers. Also offers 
SiGe UHV-CVD system based on IBM 
technology for up to 25 8-inch wafers. 
Technology transfer package and 
process guarantee is available in both 
cases. 

EpiSoft 
Bwthyn Cadwen 
Pen-y-cae mawr 
Usk, Wales NP5 1NA 
United Kingdom 
Contact: Richard Kubiak 
TEL: [44] 1291 671 002 
FAX: [44] 1291 671 003 
richard @episoft.demon.co.uk 

Offers complete hardware/software 
solutions for control over deposition 
equipment including MBE and 
MOVPE. Whether you are involved in 
research or production. our flexible, 
open architecture hardware and 
grower-oriented  software provide 
unparalleled capabiliies for process 
and system control. 

Epitaxial Products Int’l 
Cypress Drive 
St. Mellons 
Cardiff, CF3 OEG, UK 
Contact: Mike Scott 
TEL: [44] 1222 794 422 
FAX: [44] 1222 779 929 
mscott@epitaxial-products.co.uk 

Largest supplier of custom epiwafers 
for optoelectronics: recently launched 
production of epiwafers for HBTs and 
tandem solar cells. pecializes in close 
relationships with customers, avoids 
conflicts of interest by not making 
devices. BSEN ISO 9002 

Epitaxial Technologies, LLC 
1450 South Rolling Road 
Baltimore, MD 21227 USA 
Contact: Leye Aina 
TEL: [1] 410 455 5594 
FAX: [1] 410 455 5595 
Epiwafers@erols.com 

Offers low cost epiwafer service plus 
value-added wafer products. Provides 
fast turn-around time, plus capability 
to grow challenging siructures. 

Epitronics 
1lI-V Division 
Suite 5, 21002 N. 19th Ave. 
Phoenix, AZ 85027 USA 
Contact: Kathy von Burg 
TEL: [1] 602 581 3663 
FAX: [1] 602 581 3415 
episales @epitronics.com 

Epitaxial services ranging from R&D to 
production.  Device types include 
AlGaAs and InGaP HgTs. FETs & 
HEMTs as well as opto and solar 
structures. Nitride and silicon epitaxial 
services also available. 
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Epitronics 
Silicon Division 
550 West Juanita 
Mesa, AZ 85210 USA 
Contact: Lourdes Ramirez 
TEL: [1) 602 464 7421 
FAX: [1] 602 668 4000 
siliconepi@epitronics.com 

Supplies SiC substrates for SiC and 
GaN epitaxy. Also offers HVPE GaN 
substrates for GaN epitaxy which 
provide an epi ready surface requiring 
no nucleation or bulfer layers 

Extreme Lithography 
Vorderer Berg 9 
89186 lllerrieden Germany 
Contact: Bernd E. Maile 
TEL: [49] 7306 919208 
FAX: [49] 7306 919209 
b.e.maile @Xlith.com 

Extreme Lithography performs direct- 
write electron beam lithography on 
compound semiconduclor substrates. 
Ultra high resolution patterning down 
fo the sub-50nm level is available for 
realization of advanced high-speed or 
exploratory devices. Flexible adapta- 
tion to customers processing context 
and pattern definition methods. 

Filmetrics, Inc. 
10655 Roselle St, Suite G 
San Diego, CA 92121-1506 USA 
Contact: Scott Chalmers 
TEL: [1] 619 554 0005 
FAX: [1] 619 554 1311 
chalmers @filmetrics.com 

Supplier of in-situ and ex-situ systems 
that measure layer thickness, 
deposition rate. and optical constants 
(n & k). Applications include III-V 
materials and process films such as 
oxides, nitrides. and resist. 

Firebird Semiconductors 
2950 Highway Drive 
Trail, BC, V1R 2T3, Canada 
Contact: Grant Fines 
TEL: [1] 250 364 5643 
FAX: {1] 250 364 5685 
gfines @ wkpowerlink.com 

Custom-grows, orients, fabricates and 
polishes InSb and GaSb wafers. (Ga. 
In) Sb and (Ga, In) (As. Sb) crystals 
are under development. 

Freiberger Compound 
Materials GmbH 
Am Junger Loewe Schacht 5 
09599 Freiberg Germany 
Contact: Volkmar Geidel 
Tel: [49] 3731 280 480 
Fax: [49] 3731 280 106 
info@°fcm-germany.com 

Fully 1S0-9001 centified production of 
S/ (2-6") and SC (2"-4") GaAs. Bulk 
material with extremely low residual 
impurity concentration.  Single and 
double side ultra smooth polished 
walers with minimum warp. Excellent 
surface quality for ion implantation and 
epitaxy. Visit Freiberger on the WWW 
at http://www.fcm-germany.com 

Furukawa Electric Co. Ltd. 
Compound Semiconductor Dept. 
New Business Development Div. 
6-1 Marunouchi 2-Chome 
Chiyoda-Ku, Tokyo 100-8322 
Japan 
Contact: Hiroyuki Matusita 
TEL: (81] 3 3286 3219 
FAX: [81] 3 3286 3965 
matusita@ho.furukawa.co.jp 

Supplies up to 4" SI GaAs substrates 
grown by LEC. Can control both 
resistivity and deep level by means of 
annealing and  carbon-control 
technique. Can supply substrates at a 
low price. 

Gateway Modeling, Inc 
1604 East River Terrace 
Minneapolis, MN 55414 USA 
Contact: Robert Anholt 
TEL: [1] 612 339 4239 
FAX: [1] 612 339 3995 
anholt19@idt.net 

Gateway Modeling provides process 
and device simulation software 
designed to help foundries oplimize 
MESFET. HEMT. and HBT transistor 
performance and to analyze test data. 
Programs  include  GATES  for 
MESFETs, POSES for HEMTs. G- 
PISCES-2B for all three transistors, 
PETs for thermal simulations. and 
SPECIAL. an S-parameter model 
extractor. Visit Gateway on the Web 
at http://www.gateway-modeling.com 

Graphite Die Mold 
18 Air Line Park 
Durham, CT 06422-1000 USA 
Contact: Thom Ozycz 
TEL: (1] 860 349 4444 
FAX: [1] 860 349 0136 
tozycz@GraphiteDieMold.com 

Dust-free. high purity graphite compo- 
nents for ail semiconductor applica- 
tions including LPE boats, susceplors. 
MOCVD  heaters. plasma  etch 
electrodes.  Machined components. 
purified (2 ppm). Glassy Carbon 
Coated™ or ~Glassy Carbon 
Impregnated™.  Our coating elimi- 
nales particulate emissions, decreas- 
es permeability. and further densifies 
the graphite. 
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GTI Technologies 
128 Long Hill Cross Road 
Shelton, CT 06484 USA 
Contact: Phil Samson 
TEL: [1] 203 929 2200 
FAX: [1] 203 926 0074 
phil@gti-usa.com 

High precision slicing equipment 
(multi-wire saws) used primarily for 
slicing electronic and opto-electronic 
materials in those applications 
demanding superior surface finish, 
extreme flatness, and minimum kerf 
loss. 

HanVac Co., Ltd. 
1675-4 Shinil-Dong Taedok-ku 
Taejon 306-230 South Korea 
Contact: Jeong Woo Choi 
TEL: [82] 42 935 4900 
FAX: [82) 42 935 4905 
sales@hanvac.co.kr 

Offers MOCVD systems for epitaxial 
growth of Ili-nitrides. especially for 
GaN based blue LEDs. 

Hewlett-Packard Company 
HP EEsof Division 
5601 Lindero Canyon Road 
Westlake Village, CA 91362 USA 
Contact: Elisabeth Kannow 
TEL: (1] 818 879 6440 
FAX: [1] 818 879 6223 
elisabeth_kannow @hp.com 

HP EEsof offers in its Advanced 
Design System a comprehensive set 
of simulation tools and models for 
accurately verifying performance and 
yield of semiconductor designs in the 
early stages of design simulation and 
optimization, before initiating costly 
prolotype wafer fabrication runs. 

Hiden Analytical Inc. 
75 Hancock Road 
Suite D 
Peterborough. NH 03458 USA 
Contact: Fred Anderson 
TEL: [1) 603 924 5008 
FAX: [1] 603 924 5009 
e-mail: HidenAL @aol.com 

Manufactures an extensive range of 
quadrupole mass spectrometers for 
vacuum. semiconductor and plasma 
process monitoring. Products provide 
for analysis of base pressure residual 
gases. process gas purily, in-process 
contaminants and pump down 
profiles. For research application our 
EQP  system  provides  for 
characterization of the mass and 
energy of ions. neutrals and radical in 
plasma processes. 
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Hitachi Cable Ltd. 
Export Dept. 2 
2-1-2 Marunouchi 
Chiyoda-ku, Tokyo 100-8338 
Japan 
Contact: Atsushi Kiyama 
TEL: [81] 3 5252 3458 
FAX: [81] 3 3213 0402 
atsushi_kiyama@ 
cc.hitachi-cable.co.jp 

SI GaAs wallers up lo 6° dia. by LEC 
and SC GaAs walers up to 3" dia. by 
HB and VGF. Largest supplier of 
GaAs MOVPE wafers for electronic 
devices. Also LPE walers for optical 
devices. Provides epitaxial wafers 
with good uniformity and stable 
characteristics  using ongr'nallé 
designed high throughput MOVPI 
and LPE systems. For more delails. 
visit: http/Mmwww.hitachi-cable.co jp/gaas/ 

1ICO Customized Wafer 
Services 
3050 Oakmead Village Drive 
Santa Clara, CA 95051 USA 
Contact: Arnold Framption 
TEL: [1] 408 727 2547 x21 
FAX: (1] 408 727 1322 
arnold@iico.com 

ICO provides ion implantation 
services for production and research 
clients. We offer high quality implants, 
gentle waler handling and over 70 
species, including (**#Si, Se, Zn. Be. 
H. He, O). for the -V industry. 
Download a free copy of SRIM from 
our website. 

IV Reclaim 
Eisenfelden 92 
Winhoring 84543 Germany 
Contact: Jorg Schwar 
TEL: [49] 8671 73442 
FAX: [49] 8671 73443 
Reclaim@T-Online.de 

Reclaimed (recycled) GaAs and InP 
wafers. Al formats and sizes 
including up to 6 GaAs. Single or 
double side polishing, extra thin or 
thick  walfers.  backthinning  of 
structured material and Ready lo Use 
surface treatment. 

Implant Sciences Corporation 
107 Audubon Road, #5 
Wakefield, MA 01880 USA 
Contact: Robert Hayward 
TEL: (1) 781 246 0700 
FAX: [1] 781 246 1167 
mail@implantsciences.com 

Implant  Sciences  Corporation 
provides ion implantation services 1o 
the  compound  semiconductor 
industry.  This includes a robotic 
controlled implanter dedicated to 
processing GaAs wafers. In addition 
to GaAs, other substrates including Si, 
InP. GaN. and SiC are processed on a 
regular basis. Profile Code™ software 
is also available for modeling the 
effects of ion implantation. Visit our 
www  site  at  www.implant 
sciences.com 

Indium Corporation of America 
1676 Lincoln Ave. 
Utica, NY 13502 USA 
Contact: David Minckler 
TEL: (1] 315 853 4900 
FAX: [1] 315 853 1000 
askus@indium.com 

World's leading producer, refiner & 
fabricator of indium and indium 
chemicals. Indium is refined in Utica, 
NY where the company makes epitaxy 
sources and precursor materials. 

Inomtech Products Inc. 
681 Mountain Road 
West Hartford, CT 06117 USA 
Contact: Andrew Shybone 
TEL: (1) 860 519 3003 
FAX: [1] 860 519 3004 
inomtek@aol.com 

Manufactures automated an compact 
reflectomers, ellipsometers (single- 
and multiple-wavelength) for ex- and 
in-situ wafer characterization and 
process control; ultra-compact in-field 
ellipsometers, and DLTS systems for 
material electrical characterization. 

InPACT 
Pombliere, Moutiers 
73600 France 
Contact: Didier Marsan 
TEL: (33] 4 7924 4780 
FAX: [33] 4 7924 4517 
dmarsan@wanadoo.fr 

Produces all dopants (Fe, Sn. S, Zn) 
of InP in 2-in and 3-in dia. Has a 
technical edge on surface cleanliness 
and guarantees very low 
contamination level consistently (TOF 
SIMS data). 

Insaco, Inc. 
P.O. Box 9006 
Quakertown, PA 18951-9006 USA 
TEL: (1] 215 536 3500 
FAX: (1] 215 536 7750 
ces@insaco.com 

Fabrication of hard, nonmetallic 
malerials such as sapphire, quariz, 
glass, alumina ceramic, zirconia, 
silicon nitride, silicon carbide, MACOR 
and ferrite. Our services include 
grinding to precision tolerances and 
polishing to optical specifications. 
Products include sapphire carriers and 
substrates for gallium arsenide, 
gallium nitride and indium phosphide. 

Integrated Systems 
Engineering, Inc. 
111 N. Market Street, Suite 800 
San Jose, CA95113 USA 
Contact: Boris Polsky 
TEL: [1] 408 918 6300 
FAX: [1] 408 918 6306 
corchnoy @ise.com 

ISE is a 5 year old Swiss-based com- 
pany with subsidiaries in San Jose, 
CA and Grenoble, France and major 
distributors in Japan, Korea and 
Taiwan. ISE provides robust 
Technology CAD (TCAD) software 
tools for process and device simula- 
tion of silicon and compound semicon- 
ductors. A wide range of consulting 
services, such as calibration, process 
optimization, and yield improvement is 
offered. 

Intelligent Sensor Technology 
1012A Linda Vista Avenue 
Mountain View, CA 94043 USA 
Contact: Chih-shun Lu 
TEL: [1] 650 961 6435 
FAX: [1] 650 961 6359 

Intelligent Sensor Technology is a 
developer and manufacturer of 
instruments for real-time control of 
semiconductor _and _ thin  film 
processes.  IST's ATOMICAS uses 
atomic absorption spectroscopy for in- 
situ monitoring of atomic vapor density 
in PVD processes. Its key features 
include non-intrusive optical probing, 
absolute malerial specificity. unlimited 
operating pressure, high sensitivity 
and superior stability. 

Intercrystal Ltd. Co. 
Assenovgradsko shosse 
Plovdiv 4009 Bulgaria 
Contact: Uriy Grigorev 
TEL: [359] 32 260 200 
FAX: [359] 32 267 759 
interc@plovdiv.inetg.bg 

Intercrystal produces and sells 
different compound semiconductor 
substrates (as cut, lapped and epi- 
polished walers): GaAs, InAs, GaP. 
InP, GaSb, InSb, etc. as well as wafers 
and ingots from II-VI group: CdTe. 
2ZnSe, CdS, etc. We can offer other 
products with special properties for 
electronics application. 

lon Beam Services 
101 ZA des Pradeaux 
Greasque France 
Contact: Barbara Prohaczka 
TEL: [33] 442 6998 72 
FAX: [33] 442 6998 73 
106333.3427 @compuserve.com 

1BS supplies implantation for silicon 
waler production and Ill-V processing. 
R&D thin film services, ion beam 
etching, equipment engineering and 
‘maintenance, consulting and training. 
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Ircon, Inc. 
7300 N. Natchez Ave. 
Niles, IL 60714 USA 
Contact: George Bartosiak 
TEL: [1] 847 967 5151 
FAX: [1] 847 647 0948 
irconus @wwa.com 

Leading manufacturer of non-contact 
IR pyrometers designed lo measure 
temperatures from 300 - 2800°C. 
Ideal  for  wafer  temperature 
measurements in MBE and MOCVD 
applications. Visit Ircon on the Web at 
http:/fwww.ircon.com 

J.A. Woollam Co. 
645 M Street, Suite 102 
Lincoln, NE 68508 USA 
Contact: James Hilfiker 
TEL: [1] 402 477 7501 
FAX: [1] 402 477 8214 
jhilfiker@jawoollam.com 

Manufacturer  of  spectroscopic 
ellipsometers for non-destructive 
materials  analysis:  multi-layer 
thicknesses. optical constants, growth 
and elch rales, composition, substrate 
temperature and more. Real-time 
process control with low cost. simple 
to use, multi-wavelength ellipsometer 
(M-44 and M-88). In-situ applications 
include sputter deposition, MBE, CVD, 
e-beam, plasma etching, and more. 

J.LP.ELEC 
452, rue des Sources, Cidex 112 
F-38920 CROLLES France 
Contact: Franck Laporte 
TEL.: [33] 476 92 03 29 
FAX: [33] 476 92 03 17 
jipelec@jipelec.com 

J.LPELEC provides SiC furnaces and 
RTP/RTCVD processors for the 
microelectronics laboratories and 
industry.  Fast ramp rates, vacuum 
capability, accurate  temperature 
control, high reliability are standard 
features. Products include: JetFirst 
(basic bench-top RTP processor). 
JetStar (versatile RTP processor with 
RTCVD capability). JetClip (cluster 
module RTCVD processor), and an 
induction furnace for SiC annealing up 
to 2000°C. Visit our Web site at 
jipelec.com 

Japan Energy Corporation 
10-1, Toranomon, 2-chome 
Minato-ku 
Tokyo, 105-8407 Japan 
Contact: Hiroshi Miura 
TEL: [81] 3 5573 6592 
FAX: [81] 3 5573 6779 
h.miura@j-energy.co.jp 

Offers AlGaAs and InGaAs grown on 
GaAs; also InAlAs and InGaAs on InP 
for microelectronic devices, and 
InGaP and InGaAsP on InP_for 
optoelectronic devices. Also low EPD 
Sn- and S-doped InP substrates. Can 
provide Fe-doped InP with EPD less 
than 1 x 10E4 cm-3. Also provides 
high purity In, Cd and Te metal. 

JX Crystals Inc. 
1105 12th Ave NW, Suite A2 
Issaquah, WA 98027 USA 
Contact: Jany Fraas 
TEL: [1] 425 392 5237 
FAX: [1] 425 392 7303 
sales @jxcrystals.com 

The leading manufacturer of GaSb 
walers and GaSb thermophotovoltaic 
cells. LEC GaSb available in 2* & 3" 
both n-type and p-type low EPD 
(<1000)."Also supplying GaP and InP 
wafers. 

Johnsen Ultravac 
3470 Mainway 
Burlington, ON L7M 1A8 Canada 
Contact: Hans de Jong 
TEL: [1) 905 335 7022 
FAX: (1] 905 335 3506 
juvinfo @ ultrahivac.com 

A wide range of E-beam Metalization 
Systems for GaAs, SAW and other 
opto-electronic  devices featuring 
uniformity rating of 0.1% across (16) 
3" planetary substrate assembly; high 
throughput split level chamber design. 
multiple planetary assemblies for 2", 
3°, 4" diameter walers, automated 
process/vacuum control, and custom 
design on request. 

Johnson Matthey 
434 Devon Park Drive 
Wayne, PA 19087-1880 USA 
Contact: Barb Lerro 
TEL: [1] 610 971 3109 
FAX: 1] 610 971 3116 
lerrobh @ matthey.com 

Johnson  Matthey —manufactures 
Palladium membrane based hydrogen 
purifiers. 

Johnson Matthey Electronics 
E15128 Euclid Ave. 
Spokane, WA 99216 USA 
Contact: Gerry Gruszka 
TEL: (1] 702 896 3773 
FAX: [1] 702 896 3774 

Producers of both IlI-V and II-VI 
substrates, including InSb, GaSb and 
CZT.  Also high purity metals for 
growth and dopants, including Cd. Te, 
Sb, Hg, Sn, Zn, Al B, Cu, Pb, Ag plus 
B203 for encapsulents. Metal purities 
of 5N & 6N+ 

K-Space Associates, Inc. 
555 South Forrest Ave., Suite 4B 
Ann Arbor, Ml 48104 USA 
Contact: Molle D'Smith 
TEL: [1] 734 668 4644 
FAX: [1] 734 668 4663 
ksa@k-space.com 

Get the most from RHEED with our 
kSA 400 analytical RHEED system. 
From growth rate determination to 
lattice spacing evolution to phase- 
locked epitaxy, put the power of 
RHEED at your fingertips. New kSA 
MOS  (Muitibeam ™ Optical Sensor) 
system provides in-situ 2-dimensional 
thin-film  curvature, stress and 
thickness characterization for MBE, 
CVD. PLD and sputtering. 

Karl Suss America Inc. 
PO Box 157 Suss Drive 
Waterbury Center, VT 05677 USA 
Contact: Sandy Reeks 
TEL: [1] 802 244 5181 
FAX: [1] 802 244 5103 
sreeks @suss.com 

Karl Suss manufactures a complete 
line of process and test equipment for 
the compound semiconductor market. 
Equipment includes lithography, spin 
coating, flip-chip. cluster and probing 
tools. Most tools are available in man- 
ual, semiautomalic and fully automatic 
modes. 

Kayex Corp. 
1000 Millstead Way 
Rochester, NY 14624 USA 
Contact: Robert Stevenson 
TEL: [1) 716 235 2524 
FAX: [1] 716 436 2396 
robert.stevenson@ 
kayex.gensig.com 

Kayex manufactures the Hemco and 
Ferrofluidics lines of Czochralski 
crystal  pullers for  growth  of 
semiconduclor crystals, including the 
262505 medium pressure puller for 
1aAs. 

Keystone Crystal Corporation 
140 Green Manor Drive 
Butler, PA 16002 USA 
Contact: Jim Kawkey 
TEL: [1) 724 282 1506 
FAX: [1] 724 285 9163 
kec@nauticom.net 

Keystone Crystal is the source for 
Cadmium Telluride for  sensing 
systems, optics. and epitaxial growth. 
We manufacture and fabricate high 
quality CdTe and CdZnTe for single 
crystal substrates. E-O modulator 
cryslals. optical blanks/windows. and 
also offer bulk material. 

Kopin Corporation 
695 Myles Standish Bivd 
Taunton, MA 02780 USA 
Contact: Matthew Micci 
TEL: (1) 508 824 6696 
FAX: [1] 508 824 6958 
mmicci@kopin.com 

Wafer Engineering Group is the 
largest supplier of HBT epiwafers. 
Offers extensive technical support. 
large production capacity. and SPC- 
driven operations to ensure cost- 
effectiveness. 

Lake Shore Cryotronics, Inc. 
575 McCorkle Blvd. 
Westerville, OH 43082 USA 
Contact: Brad Dodill 
TEL: [1) 614 891 2243 
FAX: [1] 614 818 1600 
bdodrill@lakeshore.com 

Integrated  Hall  effect  and 
nmagneloresistance semiconductor 
‘malerial characterization systems with 
Van  der  Pauw  resislivity 
measurements; features QMSA, a 
new data-manipulation  algorithm 
which simultaneously  derives 
concentrations and mobilities for 
multiple distributions of electrons and 
holes in layered semiconductor device 
structures. A complete line of vibrating 
sample magnetometers. 

Laser Diode Inc. 
Crystal Products 
205 Liberty Street 
Metuchen, NJ 08840 USA 
Contact: Stephen Lerner 
TEL: (1) 732 549 9222 
FAX: [1] 732 549 9897 
Idicp@aol.com 

Supplies high quality single crystal Ge 
substrates up to 4" dia. Also available 
are square and reclangular shapes as 
well as ultra low EPD wafers. 

Lehighton Electronics, Inc. 
1st and South Streets 
Lehighton, PA 18235 USA 
Contact: Rick Borgman 
TEL: (1] 610 377 5990 
FAX: [1) 610 377 6820 
lei@pdf.net 

Contactless sheet resistance/resistivi- 
ty. thickness measurement & map- 
ping. bulk and conductive thin films. 
Robotics and sorting. Non-destructive 
PHEMT 2DEG mobility measurements 
on production walers. High resolution 
Nvs. X profiling of epi and sharp struc- 
lures. 

Leybold Systems Inc. 
120 Post Road 
Enfield, CT 06082 USA 
Contact: Jim Snyder 
TEL: (1] 860 741 2267 
FAX: [1] 860 741 0267 
jrsnyder@leyboldtech.com 

Leybold manufacturers advanced 
UHV furnaces for crystal pulling and 
low temperature SiGe epitaxy.  With 
over 40 years of experience. Leybold 
delivers pullers for 150-400 mm 
diameter crystals. After more than 10 
years of SiGe collaboration and 
optimization. Leybold is licensed to 
offer 1BM-proven UHV-CVD LTE 
production systems. 



Logitech Compound Semiconductor Suppliers Directory MSI Electronics 

Logitech Division 
810 Sharon Drive 
Westlake, OH 44145 USA 
Contact: Keith Torrance 
TEL: [1] 440 871 0071 
FAX: [1] 440 871 8188 
info@Iogitech-us.com 

GaAs & InP wafer backthinning and 
polishing (+ chemical ~polishing) 
equipment. 

Loomis Industries 
1210 Church Street 
St. Helena, CA 94574 USA 
Contact: Diana Yokoi 
TEL: [1) 707 963 4111 
FAX: [1] 707 963 3753 
Loomis Industries is a manulacturer of 
Semiconductor  Scribe Dicing 
Equipment for special semiconductors 
such as LEDs, Detectors, MMICs. 
Ultra High Frequency Transistors. 
SDS. etc. 

M/A Com Inc. 
111-V Materials 
100 Chelmsford Street 
Lowell, MA 01851 USA 
Contact: Mary Doherty 
TEL: (1) 978 656 2876 
FAX: 1] 978 656 2800 
gaas-wafers@amp.com 

The most experienced SI GaAs 
supplier using HPLEC syslems that 
yield 3", 100mm and 150mm dia. 
wafers. Recently developed a process 
for Sl InP wafers at 3" and 4" dia. 

Manufacturing Technology Inc. 
2226 Goodyear Ave. 
Ventura, CA 933003 USA 
Contact: Mitch Marvosh 
TEL: [1] 805 644 9681 
FAX: [1] 805 644 3541 
mmarvosh@mtionline.com 

High precision wafer slicing. dicing 
and CSP singulation systems for 
difficult semiconductor materials such 
as GaAs. SiGe, composites (SOI) 
ceramics. PZT and other advanced 
materials. Turnkey systems include 
diamond wheels. hubs, tooling and 
process development. Systems 
include Windows™ based software 
and MTlvision™ NT. 

Marketech International 
4750 Magnolia Street 
Port Townsend, WA 98368 USA 
Contact: J.A. Spieckerman 
TEL: (1] 360 379 6707 
FAX: [1] 360 379 6907 
mkt@olympus.net 

Offers a range of cost effective 
products for Ili-V compounds including 
all the primary Ill-V substrates as well 
as NdGaO3 (101) which has only a 
1.2% deviation from the GaN laftice 
structure. Also offers solid elemental 
sources and metalorganic precursors 
for compound semiconductors. 

¢ Franklin Publishing 

Matheson Electronic Products 
Group 
625 Wool Creek Drive 
San Jose, CA 95112 USA 
Contact: Sonia Hinojo 
TEL: [1) 408 971 6500 
FAX: [1] 408 275 8643 
shinojo@mathesongas.com 
Matheson EPG manufactures and 
sells NANOCHEM™ brand gas 
purifiers, SEMI-GAS™ brand gas 
cabinets, and Matheson gas producls 
for the semiconductor markel. 

MBE - Komponenten GmbH 
Gutenbergstr.8 
Weil der Stadt 71263 Germany 
Contact: Frank Huber 
TEL: (49] 7033 36111 
FAX: 49] 7033 13133 
info@mbe-kompo.de 

Manufactures evaporation sources, 
manipulators, complete MBE systems 
and annealing systems for research 
applications. _ Standard products are 
effusion cells, high temperature 
sources. electron beam evaporators 
and P or As sources. The company is 
specialized in individually designed 
MBE  components and special 
solutions on small flanges. 

MBE Technology 
14 Science Park Drive 
#04-03 Maxwell 
Singapor Science Park 
Singapore 118226 Singapore 
Contact: Wang Zhong 
TEL: [65] 773 5211 
FAX: (65] 773 5068 
zhong@mbetech.com 

Offers 2", 3" & 4" epiwafers for 
MESFET, “HEMT. HBT  and 
optoelectronic devices.  Production 
facilities are state-of-the-ari; each 
waler is shipped with a QC report. and 
complete confidentiality is maintained. 

Mining & Chemical Products 
The Mill House, Laverstoke 
Whitchurch, Hampshire 
RG28 7NS United Kingdom 
Contact: Malcolm Harrower 
TEL: [44) 1256 897 226 
FAX: (44) 1256 895 259 
info@mcp-group.co.uk 

Suppliers of high purity indium and 
gallium  to ~customer  specific 
parameters in a variety of quantities 
and forms up to a purily level of 7N+. 
Also a range of indium & gallium 
chemicals. Production by lully 
equipped modern purpose built facility. 
Worldwide distribution. 

Mitsubishi Chemical 
Corporation 
Optoelectronics Division 
5-2 Marunouchi 2-chome 
Chiyoda-ku Tokyo 100 Japan 
Contact: Kiyoshi Komatsu 
TEL: [81] 3 3283 4673 
FAX: [81] 3 3283 4485 
1704825 @ cc.m-kagaku.co.jp 

GaAs walers in 3" and 4" dia. are 
supplied. Epi-ready polish is available 
for all kinds of substrates. Also: 
epiwalers for visible and IR LEDs, 
short wavelength laser diodes, and 
high power laser diodes, including 
980nm lasers for EDFAs. Please visit 
our WWW site at http:.//www.m- 
kagaku.co.jp/ 

MKS Instruments Inc. 
Six Shattuck Road 
Andover, MA 01810 USA 
Contact: Lisa Robillard 
TEL: [1] 978 975 2350 
FAX: [1] 978 975 0093 
lisa_robillard@mksinst.com 

Process management instrumentation 
used to measure, control, isolate, and 
analyze gases in semiconductor and 
advanced materials manufacturing 
processes. A full line of vacuum/pres- 
Ssure measurement instrumentation. 

Mochem GmbH 
Hannah-Arendt-Strasse 3-7 
Postfach 1746 
D-35007 Marburg Germany 
Contact: Arnd Greiling 
TEL: (49] 6421 350 250 
FAX: [49] 6421 350 251 
greiling@mochem.de 

Leading manufacturer of As-, P- and 
N-based metalorganic precursors like 
TBA. TBP and Hydrazines. The only 
supplier to have established a 
routinely batchwise application-proof 
qualification  process  for their 
products, which is certified as a new 
quality standard for MOVPE: EPI- 
PROOF.  Each batch is tested 
individually on MOVPE equipment, 
similar to industrial standard, to 
guarantee the requested quality for 
the definite application in industrial 
production. 

Morton International Inc. 
150 Andover St 
Danvers, MA 01923 USA 
Contact: Robert Stennick 
TEL: [1] 978 750 9490 
FAX: (1) 978 750 4298 
Leading manufacturer of high purity 
nmetalorganic sources for MOCVD and 
related” growth techniques.  Our 
exclusive MorPure™ quality system is 
1S0-9001 certified and encompasses 
all aspects of our operations. Morton's 
new manufacturing plant located in 
North Andover. MA will use state-of- 
the-art production and analytical 
equipment to ensure the highest 
quality, most consistent sources 
available. 

Mott Corporation 
84 Spring Lane 
Farmington, CT 06032 USA 
Contact: R.D. Balazy 
TEL: [1] 860 793 3967 
FAX: (1] 860 747 6739 
rdbalazy @ mottcorp.com 

Mott High Purity manufactures all- 
melal gas filters and systems in 
configurations ranging from 1 spim to 
200,000  slpm. Materials  of 
construction include nickel, 316LSS 
and Hastelloy which provide highly 
efficient filtration for processes used in 
the production of integraled circuits. 

MR Semicon 
PO Box 91687 
Albuquerque, NM 87199 USA 
Contact: Roger Waldock 
TEL: [1] 505 867 1878 
FAX: [1] 505 867 6812 
mrsemi@n66.com 

Manufactures, re-manufactures and 
markels a complete range of crystal 
fabrication equipment, for production, 
research and proof of concept. 
Czochralski, Top Seeded Flux, 
Bridgman, Float Zone. Specializes in 
inexpensive and modular bench top 
Cutting and Polishing Equipment for 
use in universities and small laborato- 
ries. All Spares & Consumables for 
Metals Research/Cambridge 
Instruments Pullers and MOVPE sys- 
tems. As well as many crystals for 
your custom requirements. 

MSI Electronics 
3100 47th Ave. 
Long Island City, NY 11101 USA 
Contact: Al Lederman 
TEL: [1] 718 937 3330 
FAX: [1] 718 937 3499 
MSI is a manufacturer of computer 
controlled programmable capacitance- 
voltage (CV) meters to measure 
doping profiles and other properties of 
GaAs and other  compound 
ssemiconductor wafers. With conlacts 
rmade with mercury provided by MSI 
double contact probes, measurements 
are non-destructive permitting the 
same walers to be processed further 
after routine cleaning. 
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MST Measurement Systems, 
Inc. 
975 Deerfield Parkway 
Buffalo Grove, IL 60089 USA 
Contact: Diane C. Landauer 
TEL: (1] 847 808 2500 
FAX: (1] 847 808 9976 
dlandauer@mst-us.com 

One of the industry leaders in toxic 
gas monitoring equipment for the 
Semiconductor Industry.  includin, 
facilities involved in GaAs and Gal 
related processes. We are able to 
monitor compounds found in typical 
GaAs & GaN processes such as 
AsH3, PH3, B2H6, BF3. NH3, HCI. 
H2, H2, SiH4 and GeH4 due to MST's 
continued commitment to incorporate 
leading edge technology into our 
product line. MST provides the finest 
service and technical support in the 
industry  with  offices  located 
worldwide. 

M.T.I. Corp. 
5327 Jacuzzi Street, Unit 3G 
Richmond, CA 94804 USA 
Contact: Dr. X.P.Jiang 
TEL: [1] 510 525 3070 
FAX: [1] 510 234 5235 
mtixpj@aol.com 

MTI is a leading supplier of single 
crystal substrates for deposition of all 
kinds of epitaxial thin films including 
those of Ill-V compounds such as 
GaN. MTI also supplies single crystal 
waters of GaP, GaAs, GaSb, InP and 
InAs in various sizes and dopings. 
Visit ~MTI's Web site at 
http://www.mticrystal.com 

Nimtec Inc 
125 North Price Rd 
Chandler, AZ 85224 USA 
Contact: Kurt Williams 
TEL: [1] 602 732 9857 x107 
FAX: [1] 602 899 0779 
nimteccs @ix.netcom.com 

Provides high quality wafers with 
superior surface finish grown from 
high purity raw materials that provide 
excellent results for our customers. 
Also: high purity metals and source 
materials, including 7N & 6N indium, 
7N & 6N cadmium and 7N & 6N 
tellurium. 

Nordic Epitaxy Inc. 
Korkeakoulunkatu 1 
33720 Tampere Finland 
Contact: Petteri Uusimaa 
Tel: [358] 3 365 2994 
Fax: [358] 3 365 2995 
Petteri.Uusimaa@ 
nordicepitaxy.com 

Supplies AlGalnAsP epiwafers grown 
by MBE. Has good expertise in visible 
laser diodes and other optoelectronic 
structures.  Provides ~also other 
custom epiwater growth services. 

Nova Electronic Materials 
678 N. Glenville Drive 
Richardson, TX 75081 USA 
Contact: Lauri Hudgins-Boudreaux 
TEL: [1] 972 664 0550 
FAX: [1] 972 664 1589 
novawaferinc@mindspring.com 

A leading supplier for high quality sub- 
strales and cleanroom consumables 
to many fabs universities and R&D 
facilities around the word. 

On-Line Technologies 
87 Church Street 
East Hartford, CT 06108 USA 
Contact: Victor Yakoviev 
TEL: [1) 860 291 0719 
FAX: [1) 860 289 7975 
Victor@online-ftir.com 

Manufactures compact_in-line FTIR 
spectrometers, on-line FTIR (spectro- 
scopic and multiple-wavelength) gas 
analyzers, integrated wafer-state opli- 
cal sensors, advanced process control 
software, FTIR in-situ spectroscopic 
reflectometers and ellipsometers. 

Ovation Semiconductor 
300 First Street NE 
Rochester, MN 55906 USA 
Contact: David Braddock 
TEL: [1] 507 285 4490 
FAX: [1] 507 285 4491 
dave@osemi.com 

Offers 2, 3" & 4" epiwafers for HBT, 
PHEMT, HFET, MESFET. RTD, QWIP, 
LED and Laser struclures grown by 
MBE. 

Oxford Applied Research 
Crawley Mill 
Whitney, Oxfords. OX8 S15 UK 
Contact: Lars Allers 
TEL: [44]) 1993 773 575 
FAX: [44] 1993 702 326 
sales @oxfordar.demon.co.uk 

Manufactures growth, processing and 
characterization  equipment ~ for 
semiconductor research including RF 
atom sources for high-quality 
oxide/nitride growth and effective H- 
atom pre-cleaning of sensitive 
substrates.  Also supplies e-beam 
evaporators, ECI  nanocluster 
deposition  source for contact 
melallization and families of ion and 
electron sources. 

Oxford Instruments 
Research Instruments 
Tubney Woods, 
Abingdon OX13 5QX UK 
Contact: Simon Galloway 
TEL: [44) 1865 393333 
FAX: [44) 1865 393333 
simon.galloway @oxinst.co.uk 

Cathodoluminescence (CL) imaging 
and spectroscopy systems for high 
spatial resolution characterization of 
compound semiconductors. Systems 
interface to all SEMs and quantitative 
EBIC also available. Can be integrat- 
ed with other electron microscopy 
microanalytical techniques. Sample 
cooling provided with nitrogen or heli- 
um cooled stages for SEM or TEM. 

Oxford Instruments Plasma 
Technology 
North End 
Yatton, Bristol BS49 4AP UK 
Contact: Bedwyr Humphreys 
TEL: [44] 1934 833 851 
FAX: [44] 1934 834 918 
bedwyr.humphreys @oxinst.co.uk 

A leading supplier of plasma and ion 
beam processing equipment to the 
compound semiconductor industry. 
serving both the R&D market & high 
throughput production processing. 
The seven Plasmalab models cover all 
major plasma_technologies, including 
ICP, RIE and PECVD. The two lonFab 
models cover ion beam etching. 
CAIBE, ion beam deposition and ion 
assisted sputter deposition. 

Performance Materials 
4 Park Avenue 
Hudson, NH 03051-3927 USA 
Contact: John DeCosta 
TEL: [1] 603 598 9122 
FAX: [1] 603 598 9126 
jdecosta@performancematerial.com 

Performance Materials manufactures 
crucibles and plates of CVD pyrolytic 
boron nitride (PBN) and silicon carbide 
(SiC) for customers in the silicon, 
gallium arsenide. microwave and 
semiconductor industries worldwide. 

Philips Analytical 
Lelyweg 1 
Almelo 7602 EA The Netherlands 
Contact: Astrid Hofland 
TEL: [31) 546 534 383 
FAX: [31) 546 534 598 
astrid.hofland @axr- 
alm.ie.philips.com 

Characterization and metrology tools 
for industrial process control, with a 
wide range of products from high 
volume automated equipment, to low 
end mini systems. to be used in 
semiconductor process control and 
R&D. Also a leading supplier of 
characterization equipment to the 
compound semiconductor industry. 
esp. optical (PL and reflectance) 
mapping systems and high speed 
mapping XRD systems. 

Picogiga 
Place Marcel Rebuffat 
Parc de Villejust, Courtaboeuf 
7 Cedex, 91971 France 
Contact: Linh Nuyen 
TEL: [33] 1 6931 6100 
FAX: [33] 1 6931 6178 
picogiga@worldnet.fr 

First company to supply HEMT wafers 
(1986) & to produce 4" epiwalers 
(1992). Largest merchant epi vendor 
for microelectronics, with 5 multiwafer 
MBE systems capacity is >25,000 4" 
walers/year. Multi 6° capacity to be 
added soon. Visit Picogiga on the 
WWW at www.picogiga.com 

Picopolish 
Route des Michels 
Peynier F-13790 France 
Contact: Gerard Gilles 
TEL: [33] 442 291 979 
FAX: [33] 442 291 970 
picopolish@compuserve.com 

Recycling/repolishing GaAs walers 
from 3 - 6" by unique patented process 
which produces ultra-pure clean epi- 
ready substrates.  State-of-the-art 
facility in the heart of the French 
Silicon Valley in Provence. USS7 
million investment and a staff of 35 
peaple highly skilled in semiconductor 
manufacturing. 

PlasmaQuest, Inc. 
12024 Forrestgate Drive 
Dallas, TX 75243 USA 
Contact: Kelli Shields 
TEL: (1) 972 680 1811 
FAX: [1] 972 680 1539 
kshields @ plasmagquest.com 

A pioneer in the development of 
advanced, high-density plasma tech- 
nologies for the worldwide eich and 
CVD equipment market. Strategically 
works with its customers in the early 
process development phases to 
ensure a seamless transition from lab 
to fab. Has developed state-of-the-art 
process applications for advanced 
rmemory devices, magnetic read/write 
heads.” and compound semiconduc- 
fors. 

Plasma-Therm, Inc. 
10050 16th Street North 
St. Petersburg, FL 33716 USA 
TEL: (1] 813 577 4999 
FAX: [1] 813 577 7035 
lynno@plasmatherm.com 

Plasma-Therm produces a wide range 
of field-proven deposition and etching 
systems for use in GaAs and 
)ptoelectronic processes. Systems 

are available for use in R&D fhrough 
Pproduction applications. including the 
award-winning Versalock cluster tool. 
A number of standard processing con- 
figurations are available on these plat- 
forms. including PECVD, HDP 
Deposition, RIE and ICP etching.



Polaron CVT Compound Semiconductor Suppliers Directory Shin-Etsu 

Polaron CVT Ltd. 
4 Carters Lane, Kiln Farm 
Milton Keynes MK11 3ER UK 
Contact: Richard Davies 
TEL: [44] 1908 563 267 
FAX: [44] 1908 568 354 
rdavies @polaron-group.co.uk 

URV Sputter Systems for metalization 
and oxide deposition. 

PPM Pure Metals GmbH 
Am Bahnhof 4 
Langelsheim D-38685 Germany 
Contact: Karl H. Porrmann 
TEL: [49] 5326 507 160 
FAX: [49] 5326 507 151 
ppm@ppmpuremetals.de 

Offers Ge. In, Ga, As. Sb, Cd. Cu. Zn. 
Sn. Pb, Te, Hg. Bi. Se and their 
compounds in” 5N to 7N purity. 
Particular customer requirements 
regarding certain impurities are also 
taken into account. A workforce of 
~100  people  develops and 
manufactures >50 standard producls; 
all product lines are certified under 
DIN EN ISO 9001 

Praxair Semiconductor 
Materials 
101 W. Renner Road, Suite 440 
Richardson, TX 75082 USA 
Contact: Mark McClear 
TEL: [1) 972 479 8625 
FAX: [1) 972 479 8631 
mark_mcclear@ praxair.com 

Praxair provides a full line of 
semiconductor ~ gases,  services. 
systems and related technologies — 
worldwide. From supplying bulk 
semiconductor gases and other 
malerials to offering advanced gas 
handiing systems and PFC recyciing 
technology. Praxair delivers total gas 
management solutions. Learn more 
by visiting www.praxair.com on the 
Internet. 

Procomp Informatics 
1F, No. 24-1, Industry E. Rd. IV 
Science-Based Ind'l Park 
Hsinchu, Taiwan 
Contact: Clark C.K. Peng 
TEL: [886] 3 577 3727 
FAX: [886] 3 577 3706 
Offers GaAs MESFET. HEMT and 
HBT structures; laser and LED 
epiwafers will be available soon. 
Dedicated epiwafer foundry with 
multiwafer MBE systems and sound 
financial backing. 

¢ Franklin Publishing 

Promecome Electronics 
BP 29 
68 Ave.General Michel Bizot 
75560 Paris Cedex 12 France 
Contact: Dr. E. Prudhommeaux 
TEL: [33] 1 4473 1070 
FAX: [33] 1 4473 1053 
$83325@a-arnaud.fr 

Offers several elemental sources 
including As, Ga, Al, In and P, Be, Bi, 
Cd, Pb, Sb, Sn. Te, Zn, Se, and Th. 
Also offers Freiberger GaAs wafers as 
well as lil-V reclamation of wafers and 
gallium recycling. Other substrates 
including GaP. GaSb. InAs, InSb, Si 
and Ge also available. WWW site: 
htip://www.promecome.com 

Quantum Epitaxial Designs 
119 Technology Drive 
Bethlehem, PA 18015 USA 
Contact: Jim McKeown 
TEL: [1] 610 861 6930 
FAX: [1] 610 861 5273 
jmckeown@qedmbe.com 

Products include GaAs and InP based 
epiwafers for microwave and 
oploelectronic device applications. 
Services include epiwaler 
design/device simulation. and an 
extensive cost qualification service for 
high volume customers. 

Raboutet S.A. 
2l les Grands Pres 
BP 31Cluses F-74301 France 
Contact: Benoit Moevus 
TEL: [33] 4 50 98 15 18 
FAX: [33] 4 50 98 92 57 
b.moevus @raboutet.fr 

Raboutet has been manufacturing 
MBE  components  made  of 
Molybdenum since 1977. Manufaclur- 
ing many standard and non-standard 
substrate holders for all MBE systems. 

Rhodia, Inc. 
3 Enterprise Drive, Box 881 
Shelton, CT 06484 USA 
Contact: Michael Civiello 
TEL: [1] 203 925 3391 
FAX: [1] 203 925 8182 
mciviell@us.rhodia.com 

Rhodia Chimie (formerly Rhone- 
Poulenc) is a global supplier of high 
purity gallium melal, servicing the 
integrated circuit and optoelectronics 
industries.  Rhodia also supplier 
gallium oxide, nitrate and chioride. 

Riber, S.A. 
133/137 Bd National 92503 
Rueil Malmaison Cedex France 
Contact: Michel Picault 
TEL: [33] 1 4708 9250 
FAX: [33] 1 4708 3239 
MPicault@riber.fr 

Leading supplier of epitaxial reactors 
(MBE,CBE, MOMBE, and UHV-CVD 
for Si/Ge), and components. Reactors 
range from the new R/D system for 
Nitrides: Model Compact 21, through 
fully automated multiwafer production 
for 4x4" and 9x4". Components 
include As & P valved cracker cells 
and high precision gas flow lines for C 
doping and NH3 for nitrides. 

SAES Pure Gas Inc. 
4175 Santa Fe Road 
San Luis Obispo, CA 93401 USA 
Contact: Stuart Bestrom 
TEL: [1] 805 541 9299 
FAX: [1] 805 541 9399 
stuart_bestrom @saes-group.com 

SAES Pure Gas is the manufacturer 
and worldwide distributor of gas 
purifiers for point-of-use to bulk gases. 
SAES also offers a wide range of 
analytical  instrumentation ~ and 
services. 

Samco International 
532 Weddell Drive, 
Suite 5 
Sunnyvale, CA 94089 USA 
Contact: Peter Wood 
TEL [1] 408 734 0459 
FAX: [1] 408 734 0961 
Samcolnti@aol.com 

Manufactures load-locked, inductively 
coupled plasma elching systems that 
enable the precise, anistropic etching 
of silicon, metals and compound 
semiconductor materials such as 
GaAs and InP._Also offers plasma- 
enhanced CVD systems for rapid 
deposition of high quality SiO° and SiN 
for optical waveguide and compound 
semiconductor applications. 

SCP Global Technologies 
400 Benjamin Lane 
Boise, ID 83704 USA 
Contact: Joe Maliakal 
TEL: [1] 208 378 7274 
FAX: [1] 208 375 4540 
SCP Global Technologies 9200 
Automated ~ Wet Stations and 
Automatic Transfer Systems satisfy a 
wide range of GaAs waler processing 
needs. Being the tool of choice in five 
of the last seven Semiconductor 
International Fab Of The Year awards, 
SCP has helped many of the industry's 
leading companies realize their 
potential. 

Semilab Inc. 
P.O. Box 18 
Budapest H-1327 Hungary 
Contact: Anna Lendvai 
TEL: [36] 1 233 2544 
FAX: [36] 1 233 2818 
semilab@mail.matav.hu 

Instrumentation for detection and 
analysis of contamination and/or 
defects for the front end of 
manufacturing process: Deep Level 
Spectromeler DLS-83D, Lifetime 
Scanner WT-85, Scanning Infrared 
Microscope SIRM-300. Options to the 
WT-85 Lifetime Scanner: extended 
scan area for 300 mm wafer 
measurement, Kelvin probe, SPV 
head, corona charge, temperature 
dependent measurement, measure- 
‘ment of short lifetimes. 

Semimetrics Ltd. 
12 Whitlars Drive 
Kings Langly WD4 8GA UK 
Contact: Eric Don 
TEL: [44] 1923 400 100 
FAX: [44] 1923 268 458 
semimetrics @attmail.com 

Specialists in instrumentation for 
semiconductor materials characleriza- 
tion. IR Macroscope, Magic Mirror sur- 
face inspection system, CV profiling, 
Hall Measurement, resistivity map- 
ping, ellipsometry and implant dose 
monitoring equipment. The company 
also supplies optoelectronic materials 
including H1I-V and II-VI wafers. 

SiCrystal AG 
Heinrich-Hertz-Platz 2 
Eschenfelden, CA 92275 
Germany 
Contact: Robert Eckstein 
TEL: [49] 9665 9137 70 
FAX: [49] 9665 9137 90 
info@sicrystal.de 

The only European supplier of SiC 
substrates. Optimized conditions for 
SiC bulk-growth and a full quality 
control guarantee substrate quality on 
the highest level. 

Shin-Etsu/Kanematsu 
Electronic Materials Dept. 
6-1 Ohtemachi 2-chome 
Chiyoda-ku, Tokyo Japan 
Contact: Gary Evans 
(N. America) 
TEL (1) 514 769 0300 
FAX: [1] 514 769 8928 
gme@videotron.ca 

Shin-Etsu offers PBN Crucibles, boats 
and structural supports for MBE(all 
leading OEM's), LEC and VGF. MBE 
crucible features include double wall, 
polished, carbon doped hot zone, pre- 
baked and custom crucibles. ~Shin- 
Etsu also offers PBN/PG Heaters. 
Also offers GaP bare and epiwalers. 
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Showa Denko Compound Semiconductor Suppliers Directory Sterling Semiconductor 

Showa Denko K.K. 
Electronics Materials Division 
Shiba Daimon 1-13-9 
Minato-ku, Tokyo 105-8518, JP 
Substrates: Yoshio Kudo 
TEL: [81) 3 5470 3578 
FAX: [81] 3 3435 1034 
yoshio_kudo@sdk.co.jp 
Epiwafers: Yasuhisa Harita 
TEL: [81] 3 5470 3574 
FAX: [81] 3 3435 1034 
yasuhisa_harrita@sdk.co.jp 

Substrates: Offering 2 & 3" dia. S. Zn 
and Fe doped InP and 2* dia. Sn 
doped InP,_as well as 2" & 4" dia. SI 
GaAs wafers. Epiwafers:  Offers 
various_kinds for LEDs. including 
UHB-LEDs by MOCVD: also InP 
epiwafers for photodiodes. and misc. 
other custom epiwafers by MOCVD. 

Silvaco International 
4701 Patrick Henry Drive 
Santa Clara, CA 95054 USA 
Contact: Patrick Coyne 
TEL: (1] 978 988 9600 
FAX: (1] 978 988 9730 
patrick.coyne @silvaco.com 

Silvaco Intemational is a leader in 
technology simulation software for the 
'semiconductor industry. Our tools for 
the compound semiconductor market 
include both process and device 
simulators.  Qur_newest device 
simulator for MESFETs and HEMTs 
uses a radically new algonthm to gain 
simulation speeds over 1000 times 
faster than conventional numencal 
simulators while maintaining accuracy. 

Sintec Keramik UK Ltd 
Lake Road 
Leeway Industrial Estate 
Newport, S. Wales NP9 08R 
United Kingdom 
Contact: Bryn Goulding 
TEL: [44] 1633 636 500 
FAX: [44] 1633 636 501 
sintecuk@aol.com 

Solutions for customers demanding 
the best for MBE. MOCVD. crystal 
growth and high temperature 
technologies. World-class supplier of 
pyrolytic boron nitnde and other 
matenals as standard and special- 
design free-standing shapes. crucible. 
coatings and composite heater 
technologies.  ISO 9002 accredited 
manufacturer. 

Soen Instruments 
12441 West 49th Ave. 
Suite 2 
Wheat Ridge, CO 80033 USA 
Contact: Janel Funke 
TEL: [1) 303 425 6688 
FAX: [1] 303 425 1632 
soeninstr@aol.com 

Characterization equipment for the 
photovoltaic and semiconductor 
industry.  Products include a Solar 
Simulator.  Quantum  Efficiency 
System. C-V Measurement System 
and Laser Scanning System. These 
systems perform several types of 
measurements including quantum 
efficiency. current-voltage. spectral 
response. conductivity and laser 
scanning. as well as microscopic 
viewing of thin films. 

Solid State Equipment 
Corporation 
185 Gibraltar Road 
Horsham, PA 19044 USA 
Contact: Rich Richardson 
TEL: [1] 215 328 0700 x 741 
FAX: [1] 215 328 9410 
michardson @ssecusa.com 

GaAs. InP and Other Compound 
Semiconductor Wet Processes and 
Cleans with the SSEC Senes Ii of 
Spindle and Immersion Processing 
System with up to three stations in @ 
single mainframe. These stations can 
be configured by individual process 
steps including solvent soak. solvent 
scrub. double sided PVA brush scrub. 
acid etch. and custom configurations. 
High speed robotics with” handling 
ideal for compound semiconductor 
wafers. A Windows user interface 
makes operation easy. 

Solkatronic Chemicals, Inc. 
30 Two Bridges Road 
Fairfield. NJ 07004 USA 
Contact: Nancy McGrath 
TEL: [1) 973 882 7900 
FAX: (1] 973 882 7967 
nancym@nis.net 

World's largest producer of Megabit & 
Megabit Il arsine and phosphine. Also 
offening the newly developed Blue 
Ammonia for blue LED production. 
The only company with two separate 
manufactunng sites for arsine and 
phosphine. guaranteeing the securty 
of your supply. Also specializes in 
custom  designed  emergency 
response equipment such as ER 
containment vessels which control 
hazardous situations within minutes of 
discovery. 

Solmetex, Inc. 
29 Cook St. 
Billerica, MA 01821 USA 
Contact: Jim Cannon 
TEL: [1] 978 262 9890 
FAX: [1] 978 262 9889 
JCannon@solmetex.com 

The Solmetex system for GaAs 
production wastewater ulilizes the 
proprietary adsobent Metall:X for the 
removal and reduction of arsenic to 
levels that permit discharge or reuse 
of the wastewater. The Solmetex 
system is less expensive, has greater 
capacity, generales less sludge, 
higher ~ flow rates and utilizes 
significantly less space than any 
competing system or technology. 

Sonnet Software, Inc. 
1020 Seventh North Street 
Suite 210 
Liverpool, NY 13088 USA 
Contact: Shawn Carpenter 
TEL: [1] 315 453 3096 
FAX: [1] 315 451 1694 
scarp@sonnetusa.com 

Sonnet Software produces and 
supports  high-frequency  electro- 
magnetic software for 3D Planar and 
Full 3D structures. For 3D Planar 
structures, Sonnet's em Suite employs 
an FFT-based MoM approach for 
accurate, efficient simulation. Sonnet 
also markets and supports Micro- 
Stripes. a TLM-based simulation 
package for efficient, wideband 
simulation of arbitrary 3D structures 
for North American customers. 

South Bay Technology Inc. 
1120 Via Callejon 
San Clemente, CA 92673 USA 
Contact: David Henriks 
TEL: [1] 949 492 2600 
FAX: [1] 949 492 1499 
henriks @ southbaytech.com 

South Bay Technology manufactures 
systems  for precision cutting, 
polishing, orientation and etching of 
semiconductor materials.  Products 
include wire saws, lapping machines, 
RF plasma etchers, reactive ion 
etchers and chemical polishers for 
selective  etching of  GaAs 
heterostructures. 

SPECS GmbH 
Voltastrasse 5 
Berlin 13355 Germany 
Contact: W. Helchler 
TEL: [49] 30 467 82430 
FAX: [49] 30 464 2083 
support@specs.de 

SPECS is one of the leading 
manufactures of surface analysis 
equipment. mainly based on ion and 
electron_spectroscopy methods like 
XPS. UP. AES as well as ISS, SIMS 
and SNMS. Beside the compact 
ESCA-system  SAGE.  SPECS 
develops and manufactures special 
custom designed surface analysis 
svstems. 

Spectrum Sciences 
3050 Oakmead Village Drive 
Santa Clara CA, 95051 USA 
Contact: Mike Tucker 
TEL: [1] 408 727 1567 
FAX: [1] 408 727 1322 
mike @ssi-iico.com 

Low energy and high energy ion 
implanter ~ systems  utilizing  end 
stations for very large substrates. 

Spire Corporation 
One Patriots Park 
Bedford, MA 01730 USA 
Contact: Kurt Linden 
TEL: (1) 781 275 6000 
FAX: [1] 781 275 7470 
klinden@spirecorp.com 

Offers 2%, 3" & 4" epiwafers delivered 
with quality inspection reports 
confirming conformance to customer 
specifications. QW lasers, VCSELs, 
LEDs, and many other types of 
struclures available. 

Staib Instruments, Inc. 
813 Dilligence Drive 
Suite 121-E 
Newport News, VA 23606 USA 
Contact: Lillyan Dylla 
TEL: [1] 757 873 0099 
FAX: [1] 757 873 0130 
staib-us @staib-instruments.com 

Staib Instruments designs and manu- 
factures compact. high-performance 
electron-oplical equipment for in-situ 
material analysis, including: electron 
sources, RHEED systems and analyz- 
ers to study thin films; photoemission 
electron microscope (PEEM). a new 
instrument for dynamic studies of 
chemical distributions with high time 
and space resolution; and electron 
spectrometers for Auger. XPS and 
UPS analytical surface studies. 

Sterling Semiconductor, Inc. 
22660 Executive Drive, Suite 101 
Sterling, VA 20166 USA 
Contact: Jim LeMunyon 
TEL: [1) 703-834-7535 x206 
FAX: [1] 703-736-3443 
jlemunyon@ 
sterling-semiconductor.com 

Supplies SiC substrates for SiC and 
GaN epitaxy. Visit Sterling on the Web 
at www.sterling-semiconductor.com



Stratedge Compound Semiconductor Suppliers Directory Top-Vu 

Stratedge Corporation Sumitomo Metal Mining tectra GmbH Thomas Swan 
4393 Viewbridge Avenue 1-6-1, Suehiro-cho, Phsikalische Instrument Scienctific Equipment 
San Diego, CA 92123 USA Ohme-shi, Tokyo, 198-8601, Reuterweg 65 Unit 1C Button End Harston, 
Contact: Cheryl Trondle Japan Frankfurt, Main D-60323 Cambridge CB2 5NX UK 
TEL: [1] 619 569 5000 x103 
FAX: [1] 619 560 6877 
C.Trondle @ StratEdge.com 

StratEdge designs and manulactures 
high frequency ceramic semicon- 
ductor packages. We offer standard 
packaging up to 43 GHz in drop-in, 
leaded ~ and  surface  mount 
conligurations. StratEdge also offers 
high speed digital packaging. space 
qualified and commercial "stripline 
filters, bi-polar transistor and LDMOS 
packaging. 

Strem Chemicals 
7 Mulliken Way 
Newburyport, MA 01950 USA 
Contact: Ephraim Honig 
TEL: (1] 978 462 3191 
FAX: [1] 978 465 3104 
ephraimhonig@strem.com 

Manufactures MOCVD precursors 
including metalalkyls. alkylamides. 
alkoxides, betadiketonates, volatile 
organomelallics and metal carbonyls, 
fluorinated derivates and  single 
source precursors. 

Sumitomo Chemical Co. 
Electronic Materials Division 
27-1, Shinkawa 2-chome 
Chuo-ku, Tokyo, 104-8260, 
Japan 
Contact: Hiroaki Takata 
TEL: [81) 3 5543 5816 
FAX: [81) 3 5543 5934 
takata@sc.sumitomo-chem.co.jp 
Offers 3", 4" and 6" MESFET. p-HEMT 
and HBT epiwafers. Original designed 
buffer layer structure. 

Sumitomo Electric Industries 
1-1-1 Koya-kita 
Itami, Hyogo 664-0016 Japan 
Contact: Soji Nozawa 
TEL: [81) 727 72 2281 
FAX: [81] 727 71 0282 
nozawa-souji@sei.co.jp 

The leading supplier of GaAs. InP and 
epitaxial wafers contributing to the Ill- 
Vindustries. 

Sumitomo Electric USA 
Electronic Materials Group 
65 E 55th St 16th Floor 
New York, NY 10022 USA 
Contact: Phil Grunes 
TEL: [1] 212 371 7209 
FAX: [1] 212 308 6575 
Phil_Grunes@ 
SEUSANY.sinet.sei.co.jp 

Offers LPE-grown GaAs wafers for IR 
LED applications.  One of world 
largest suppliers of MBE-grown 
walers, offering FET. HEMT and 
HIGFET structures. Also VPE wafers 
for GaAs FETs & many lypes of 
diodes, plus OMVPE walers for 
telecom lasers. 

¢ Franklin Publishing 

Contact: Takashi Hasegawa 
TEL: {81] 428 31 1106 
FAX: [81] 428 31 1392 
Takashi_Hasegawa@el.smm.co.jp 

Sumitomo Metal Mining manufactures 
GaAs and GaP substrates available 
from inventory. The products include 
3" and 4* semi-insulating GaAs 
walfers, 2* and 3 semiconducting 
GaAs walers and 2" semiconducting 
GaP wafers. 

SVT Associates Inc. 
7620 Executive Drive 
Eden Prairie, MN 55344 USA 
Contact: Greg Carpenter 
TEL: [1] 612 934 2100 
FAX: [1] 612 934 2737 
glcarpen@svta.com 

Leading manufacturer of deposition 
and process monitoring components 
and systems. These include Si, oxide, 
and Ill-V MBE; SiGe UHV/CVD; and 
oxide CVD for malerials and device 
research. SVTA's new lil-Nitride MBE 
system  guarantees  material 
specifications. Also offers epi-wafer 
research and service. 

Technics Plasma GmbH 
Dieselstrasse 22a 
Kirchheim D-85551 Germany 
Contact: Gerhard Liebel 
TEL: [49] 89 905 03 126 
FAX: [49] 89 904 903 23 
tepla@compuserve.com 

Technics Plasma GmbH (TePla) is a 
global supplier of advanced micro- 
wave batch plasma systems for the 
semiconductor industry and R&D. 
Microwave batch processing provides 
cost-attractive solutions for damage- 
free resist ashing and cleaning of 
small to large substrates in 
manufacturing ~ of  compound- 
semiconductor-, silicon-. and FPD 
devices as well as for plasma cleaning 
of PBGA and COB substrates prior to 
bonding and packaging. 

Technologies and Devices 
International, Inc. 
8660 Dakota Dr. 
Gaithersburg, MD 20877 USA 
Contact: Viadimir Dmitriev 
TEL: (1) 301 208 8342 
FAX: [1] 301 897 3229 
welcome @tdii.com 

TDI manufactures advanced substrate 
materials for silicon carbide and 
Nitride bulk and epitaxial growth 
including SiC epiwafers with reduced 
micropipe density and GaN/SiC 
epiwafers for GaN homoepitaxy. TDI 
provides characterization service for 
wide band gap semiconductor 
materials and device structures. Visit 
TDlis Web site at http://www.tdii.com 

Germany 
Contact: Andreas Gati 
TEL: [49) 69 720 040 
FAX: [49] 69 720 400 
tectra@t-online.de 

Offers vacuum coating systems, MBE 
systems, and electron beam 
evaporators, plasma ion sources, 
sputter guns, and more. 

Tegal Corporation 
2201 South McDowell Blvd 
Petaluma, CA 94955 USA 
Contact: Jim McKibben 
TEL: [1] 707 763 5600 
FAX: [1) 707 773 3015 
jmckibben @tegal.com 

Tegal Corporation, headquartered in 
Petaluma, California, is a leading 
designer and manufacturer of Plasma 
Etch Systems used in the production 
of compound semiconductors and 
related devices. These are production 
worthy automated systems designed 
for the rigors of full scale compound 
semiconductor manufacturing. 

Temescal BOC Coating 
Technology 
2700 Maxwell Way PO Box 2529 
Fairfield, CA 94533 USA 
Contact: Brian Kaemmer 
TEL: [1] 707 423 2100 
FAX: [1] 707 425 1706 
brian.kaemmer@us.bocct.boc.com 

Temescal thin-film deposition systems 
and components have been used 
since 1952. New systems for the 
compound semiconductor  industry 
include Model FCE-3800, AL-3800 
and CE-6150 for operator-free, 
casselte-to-casselte processing of 
150 mm GaAs substrates. Temescal 
components include electron team 
sources, power supplies, beam 
sweepers and deposition controllers. 

Thermionics Vacuum Products 
231-B Otto Street 
Port Townsend, WA 98368 USA 
Contact: Michael Ricks 
TEL: [1] 360 385 7707 
FAX: [1] 360 385 6617 
mricks @ thermionicscorp.com 

Thermionics ~ Vacuum  Products 
manufactures vacuum systems and 
components: Hanks HM2 e-Gun™ 
evaporation sources; PyraFlat™ 
reclangular and other flanges. fittings: 
M.ESC/ MESA. compatible 
rectangular gate valves, poppet 
valves: DRS-1000™ in-situ. non- 
contact substrate temperature control 
systems: sample handling and 
transfer systems. 

Contact: Sandra Holdsworth 
TEL: (4] 1223 872 282 
FAX: [44) 1223 871 714 
sandra@thomasswan.co.uk 

MOCVD systems for 1, 3 or 6 wafers. 
GaAs, InP. GaN and related 
compositions, with growth demon- 
stration/quarantee.  Support instru- 
mentation  includes  scrubbing 
systems, alkyl concentration monitors 
and in-situ diagnostics. 

Three-Five Compounds 
1261 Broadway 
Suite 1105, RM 2 
New York, NY 10001 USA 
TEL: [1] 212 213 8290 
FAX: [1] 212 213 6906 
tgmca@aol.com. 

Offers GaAsP, GaP, AlGaAS and 
AlinGaP epi wafers, GaAs, InP and 
sapphire substrates to the 
oploelectronics industry.  Products 
include high brightness and high 
Ppower visible & Infrared LED die, SMD 
and discrete lamp, laser chip and 
diode, and Silicon PIN diode and other 
(InGaAs & Germanium) detectors. 

TLC 
Precision Wafer Technology 
1411 West River Road North 
Minneapolis, MN, 55411 USA 
Contact: Anju Sohal 
TEL: (1] 612 341 2795 
FAX: [1] 612 341 2799 
sales@tlcprecision.com 

Offers high performance epitaxial 
wafers, including MESFETs, HEMTs, 
HBTs and photonic  structures. 
Specialties include high In and Al mole 
fractions, OEIC structures, varactor 
diodes, SEU-hard HFETs and 
dielectric insulated MISFETs. 

Top-Vu Technology, Inc 
2650 14th Street N.W 
St. Paul, MN 55112-6348 
Contact: Tho Vu 
TEL: [1] 651 633 5925 
FAX: [1] 651 633 5934 
tho@topvu.com 

Specializes in chip design and 
nmicrosensor systems. Technical ser- 
vices include design, layout and test of 
digital and analog integrated circuils 
(chip design - Si, GaAs and InP). 
Developing GaAs based microsensor 
systems: 1) microsensors/microma- 
chines; 2) readout electronics: 
3) A-to-D converters; and 4) digital sig- 
nal processors. More information is 
found at www.topvu.com 
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Torr International Compound Semiconductor Suppliers Directory Wellman CJB 

Torr International 
18 Columbus Street 
New Windsor, NY 12553 USA 
Contact: Masud Naraghi 
TEL: [1] 914 565 4027 
FAX: [1] 914 561 7731 
torr.intl@juno.com 

TORR International, Inc., specializes 
in the manufacture of high quality R&D 
sputter deposition system, reactive ion 
etchers and, custom made vacuum 
systems. Total system packages 
range from single source DC planar 
nmagnetron coalers to muitiple source 
DC/RF systems. Units offered are 
turbo pumped, table top with manual 
or menu-driven PC control. 

Trikon Technologies Inc. 
Ringland Way 
Newport NP6 2TA UK 
Contact: Dave Thomas 
TEL: [44] 1633 414027 
FAX: [44] 1633 414180 
dave.thomas @trikon.com 

Trikon offers the following products for 
compound semiconductor manufac- 
turing:  Metallization: Sigma 204 
cluster tool for advanced sputtering 
processes.  Hi-Fill: long throw 
configuration gives highly directional 
deposition suifable for lift-off schemes. 
ETCH: Omega 201 with ICP, PERIE, 
RIE or MORI source for etching GaAs, 
InP, dielectrics and metals. 

UES Inc. 
4401 Dayton-Xenia Road 
Dayton, OH 45432 USA 
Contact: Rabi Bhattacharya 
TEL: [1] 937 426 6300 
FAX: [1] 937 426 5718 
rbhattacharya@ues.com 

UES is a research, development and 
technology transfer company. UES' 
expertise includes high energy (MeV) 
ion implantation in “semiconductors, 
advanced  surface  modification 
technologies,  conventional and 
advanced metallic, intermetallic, 
ceramic and composite material 
systems, and materials processing 
and process modelling. 

Union Carbide Crystal 
Products 
750 S. 32nd Street 
Washougal, WA 98671 US 
Contact: Keith Heikkinen 
TEL: [1) 360 835 9815 
FAX: [1] 360 835 9848 

World's foremost supplier of sapphire 
substrates for GaN epitaxial growth. 
2" and 3" diameter c-plane (0001) 
substrates are available with single 
side polished or both sides polished in 
production quantities. Also available 
are research kits with single side 
polished pieces. 

Union Miniere 
Electro - Optic Materials 
Watertorenstraat 33 
B - 2250 Olen Belgium 
Contact: Marleen Van Den Bergh 
TEL: (32) 14 24 55 97 
FAX: [32) 14 24 55 34 
marleen.vandenbergh@um.be 

UM Electro - Optic Materials has been 
providing germanium wafers for 
electronic applications since the early 
sixties. We offer large size epi - ready 
germanium substrates with unique 
crystallographic perfection that are a 
state-of-the-art solution for epitaxial 
growth of GaAs or other IlI-V 
compounds. 

United Epitaxy Company, Ltd 
9F, No. 10, Li-Hsin Road 
Science-Based Industrial Park 
Hsinchu, Taiwan 
Contact: Jack S. Yeh 
Tel: [886] 3 5678000 ext 521 
Fax: [886] 3 5678753 
jack@uec.com.tw 

Offers AllnGaP. AlGaAs GaAsPand 
GaP chip and epitaxial wafers. 
MOVPE customer epiwalers for 
infrared high power LED, visible UHB 
LED, laser diode and MMIC. 

United Mineral & Chemical 
1100 Valley Brook Ave 
Lyndhurst, NJ 07071 USA 
Contact: lrwin Drangel 
TEL: [1] 201 507 3300 
FAX: [1] 201 507 1506 
inquiry @umccorp.com 

UMC source of the finest high purity 
‘malerials for MBE and crystal growth. 
We stock Furukawa As, Rasa Ga, In, 
Red P, B203, and Dowa Sb in purities 
to 7N, each supplied with certification 
by GDMS, MS AA, in a variety of forms 
and packaging. Our rapid customer 
response is well known. 

Veeco Instruments 
Terminal Drive 
Plainview, NY 11803 USA 
Contact: Fran Brennen 
TEL: [1] 516 349 8300 
FAX: [1] 516 349 8321 
forennen@aol.com 

Veeco is a worldwide leader in 
Metrology tools; and etch and 
deposition process equipment used in 
the compound  semiconductor 
industry. 
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VG Semicon 
100 Cummings Center 
Suite 407-J 
Beverly, MA 01915 USA 
Contact: Phil Sullivan 
TEL: [1] 978 524 1041 
FAX: [1] 978 524 1077 
vgmbe @aol.com 

VG Semicon is the leading supplier of 
MBE equipment for research and 
production. The V8OH is the World's 
leading research MBE system 
providing a superior platform for 
advanced materials research and the 
industry-leading V100 system is the 
World's most advanced and well- 
proven MBE system for commercial 
applications. 

Virginia Semiconductor 
1501 Powhatan Street 
Fredricksburg, VA 02401 USA 
Contact: Thomas Digges 
TEL: 1] 540 373 2900 
FAX: [1] 540 371 0371 
vasemi@juno.com 

A manufacturer of single crystal 
silicon. ~ VSI boasts tremendous 
technical strengths centered around 
the production of small diameter 
walers and membranes and the use of 
silicon as an engr'neenng tool. 

Outsourcing is available for epiwalers 
as well. 

Visual Photonics Epitaxy Co., 
Ltd. 
76 Kung-Erh Road 
Wu Lin Village Long-Tan, 325 
Taoyuan, Taiwan 
Contact: Kevin Phoon 
TEL: [886] 3 470 6568 
FAX: [886] 3 470 6567 
vpec@ms18.hinet.net 

Offers AlGaAs and InGaP HBT 
epiwafers for_power and digital IC 
applicalions. C-doped concentrations 
from 5E18/cm3 to 1E20/cm3. Also 
provides AlGainP epiwafers for LEDs. 
including  UHB-LEDs. Other 
structures such as P-HEMT and 
MESFET also available. 

VTS-CreaTec GmbH 
Industriestr. 9 
D-74391 Erligheim Germany 
Contact: Martin Gienger 
TEL: [49] 7143 870 515 
FAX: [49] 7143 870 516 
createc@t-online.de 

Specialized in design and 
manufacture_of innovaive. custom 
designed MBE- and UHV- systems, 
components like effusion cells, 
manipulators,  transfer  systems, 
RHEED guns, in-situ  analysis 
instruments, MBE-services, UHV- 
parts, realtime process control of 
MBE- and UHV-systems, RHEED 
software, delivery ‘of raw material, 
screws, nuls , washers, customer- 
designed parts made from Ta, MO. W, 
ceramics, efc. 

Wafer Technology Ltd. 
34 Maryland Road 
Tongwell 
Milton Keynes, Bucks MK15 8HJ 
United Kingdom 
Contact: Karen Lamb 
TEL: [44) 1908 210 444 
FAX: [44] 1908 210 443 
klamb@wafertech.co.uk 

Offers the world's broadest range of 
IlI-V materials in a variely of forms and 
orientations. ~ Focuses on forming 
partnerships with customers and on 
providing  on-time  delivery of 
compelitive quality value-for-money 
products. Also offers polycrystalline 
granules of GaP or GaAs for use as 
solid MBE source materials. 

Wafer World, Inc. 
1100 Technology Place #104 
West Palm Beach, FL 33407 
USA 
Contact: Sean Quinn 
TEL: [1) 561 842 4441 
FAX: [1] 561 842 2677 
sales @waferworld.com 

Manutactures silicon wafers in small 
diameter for reclaim. test. prime and 
double-side polish specifications  in 
research and production quantities. 
Customer supplier Germanium and 
GaAs can be reclaimed or polished. 

Wellman CJB Limited 
Hydrogen Products Group 
Airport Services Road 
Portsmouth, Hants. PO3 5PG 
UK 
Contact: Lloyd Sinclair 
TEL: [44] 1705 664 911 
FAX: [44] 1705 697 864 
cjb@cjbdev.demon.co.uk 

Manufacturers of hydrogen purifiers 
for MOVPE/MOCVD reactors. with 
outputs ranging from 1 litre per minute 
up to 540 litres per minute. Suppliers 
of Proton Exchange Membrane 
Hydrogen Generators ~ delivering 
hydrogen at 27 bar. e. without 
compressor. GaN dry scrubbing 
systems in development. 
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Gorham/Intertech Announces A Must Attend Event 
For The Compound Semiconductor Industry 

March 1-3, 1999 + Catamaran Resort Hotel * San Diego, California USA 

KEYNOTE SPEAKER: 

¢ Stan Bruederle, Chief Analyst — Dataquest, Inc. 

CONFERENCE CO-CHAIRS: 

o Jennifer Palella, Strategic Marketing Manager, ANADIGICS, Inc. 

& William Kroll, Executive Vice President - Business Development, EMCORE Corp. 

& Frank Steranka, Manufacturing Manager, Hewlett-Packard Optoelectronics Div. 

Compound 
Semiconductor 

Outlook ‘99 
Trends e Forecasts e Manufacturing e Applications 

Presentations from: 
AIXTRON AG 
AmberWave, LLC 

wjitsu Compound Semiconductor 
Hewlett-Packard Company 
Kopin Corporation 
Litton-TASC. Inc. 
Lucent Bell Laboratories 
Motorola 
Northwestern University 

EXHIBITORS (to date): 
« AIXTRON Inc. + Philips Analytical Ovalion Seni 
+ Compound Semiconductor Magazine ~ « Polaroid Corporation Polaroid Cor 
« Electronicast Corporation « Riber, Inc. Prudential Scx 
+ EMCORE Corporation « Solkatronic Chemicals Inc. Quantum 
+ Epichem. Inc. + VG Semicon Eéfl'fi"\ 

n « Oxford Instruments, Inc. + Water Technology Ltd. SiGe Microsystems-Technology Inc. 

~ ) . Strathclyde University 
Corporate Sponsors (to date): fi) Exclusive Media Sponsor:  TEMIC Semiconductor GmbH 

TRW. Inc. 
Union Minidre 
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Photonics West 

January 23-29 
San Jose. CA 

Contact: SPIE 
TEL: [1] 360 676 3290 
FAX: [1]360 647 1445 
spie(a spie.org 
hitp: ‘www.spic.org 

1999 Int’l Solid-State 
Circuits Conference 
(ISSCC 99) 

February 15-17 
San Francisco. CA 

Contact: Diane Suiters 
Courtesy Associates 
TEL: [1] 202 973 8667 
FAX: (1] 202 331 0111 
issce(a courtesyassoc.com 

1999 Optical Fiber 
Conference (OFC) 

February 21 - 26 
San Diego. CA 

Contact: Ms. Lisa Myers 
(OSA Conference Services 
TEL: [1) 202 416-1980 
FAX: [1] 202 416-6100 
ofc.infofosa.org 
hitp: www.osa.org 

Compound Semiconductor 
Outlook 99 

March 1-3 
San Dicgo. CA 

Contact: Chris Jones 
Gorham Intertech Consulting 
TEL: [1] 207 892 5445 
FAX: [1] 207 892 2210 
gorhama goradv.com 
hup: wwgoradv.com 

11th Int’l Conf. on 
the Microscopy of 
Semiconducting Materials 

March 22-25 
University of Oxford. LK 

Contact: Richard Beanland 
GEC-Marconi Materials Technology 
TEL: [44] 1327 356363 
FAX: [44] 1327 356389 
richard beanland‘a gecm.com 
hup: wwiw.iop.org 0P Confs MSM 

10th European Workshop on 
MBE 

March 28 - April | 
Les Arcs (Savoie). France 
Abstract Deadline: January 1 
Contact: Eric Tournie, 
CRHEA/CNRS 
TEL: [33] 4 9395 4224 
FAX: [33] 4 9395 8361 
et@crhea.cors.fr 

1999 Spring MRS Meeting 

April 5-9 
San Francisco, CA 

Contact: MRS 
TEL: [1] 724 779 3003 
FAX: [1] 724 779 8313 
infola mrs.org 
http: www.mrs.org 

Quantum Optoelectronics 
1999 (QOE *99) 
Ultrafast Electronics and 
Optoelectronics (UEO '99) 

April 1216 
Aspen, Colorado 
Abstract Deadline: December 10,1998 

Contact: OSA Conference Services 
TEI 1202 416 1980 
FAX: [1] 202 416 6100 
infor(a osa.org 
htp: www.osa.org 

1999 International Conference 
on Gallium Arsenide 
Manufacturing Technology 
(GaAs MANTECH) 
April 1922 
Vancouver. BC. Canada 

Contact: Ding Day 
Network Device Inc. 

[1] 408 734 9888 xt.118& 
1] 408 734 9889 

1y ‘@ network-device.com 
hup: www.G NTECH.org 

195th Meeting of the 
Electrochemical Society 

May 2.7 
Scattle. Washington 
cAbstract Deadline: Jamary: 2 

Contact: ECS 
TEL: 1] 609 737 1902 

(11609 737 2743 
ecs‘a electrochem. 
hup: www.electrochem.org meet- 
ings 195 symp.hml 
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11th International Conference 
on InP & Related Materials 
(IPRM *99) 

May 16-20 
Davos. Switzerland 
Abstract Deadline: December 5, 1998 

Contact: Hans Melchior 
Swiss Federal Institute of Technology 
TEL: [41] 1 633 2101 
FAX: [41] 1633 1109 
h.melchior(@ iqe.phys.cthz.ch 
hup: www.ige.cthz.chiiprm99 

1999 IEEE Custom 
Integrated Circuits 
Conference (21st CICC) 

May 16-19 
San Dicgo. California 
Abstract Deadline: December 2, 1998 

< [1]301 527 0994 
cice(@ his.com 

9th Bicnnial Workshop on 
Organometallic Vapor 
Phase Epitaxy 

May 2329 
Ponte Verda Beach. FL 

Comtact: Marlene Karl, TMS 
TEL: (1] 724 776 9000 x234 
FAX: [1] 724 776 3770 
Karl(@ tms.org 
hup: www.n Meetings Specialt 
y OMVPE99 OMVPE99 himl 

1999 Conference on Lasers 
and Electro-Optics (CLEO 
*99) Quantum Electronics 
and Laser Science 1999 
(QELS '99) 
May 2328 
Baltimore. Maryland 
Contact: OSA Conference Services 

L (1] 202 416 1980 
416 6100 

inforia osa.org 
hup: www.osa.org 

1999 International 
Symposium on Power 
Semiconductor Devices & 
ICs (ISPSD) 

May 25-28 
Toronto. Ontario. Canada 
Contact: Mr. Dan Kinzer. 

International Recifier 
TEL: (1] 310 726-8361 

hup: www.utoronto.ca ispsd99 

Workshop on Compound 
Semiconductor Devices 
and Integrated Circuits 
(WOCSDICE) 1999 

May 25-27 
Pa 

Ferdinand-Braun-Institut 
FAX: [49] 30 6392 2685 
wocesdice(e bh-berlin.de 

3rd International 
Workshop on MBE 
Growth Physics and 
Technology (MBE-GPT’99) 

28 
w. Poland 

Contact: Prof. Marian lerman 
TEL: [48] 22 83 15154 
FAX: [48] 12160 
itpa warman.com.pl 
hitp: www.warman.com.pl ~itp MBE- 
GPTY9 

1999 MTT-S International 
Microwave Symposium 
(IMS) and RFIC 99 

June 13-1% 
Anaheim, California 
Abstract Deadline: December 4. 1998 

Contact: Steve Maas 
Nonlinear Technologies. Inc. 

11362426 1639 
[1]562426 1639 

smaasa nonlintec.com 
hup: www.mtt.org ims1999 

57th Device Research 
Conference (DRC) 

June 28-30 
Univer f California. 
Santa Barbara 
Abstract Deadline: March 1 

Contact: Bart Van Zeghbroeck 
University of Colorado 
TEL: [1] 303 40! 

EAX: [1] 303 492 
rocek a colorado.edu 

ww.colorado.edu ~dre 

41st Electronic Materials 
Conference (EMC) 

June 30-July 2 
University of ¢ 
Santa Barbara 

Contact: TNS 
TEL: [1) 724 776 9000 
FAN: [1] 724 776 3770 
Cseatms.org 

“alifornia.



CALENDAR 

3rd Int’l Conf. on Nitride 
Semiconductors (ICNS-3) 

July 5-9 
Montpellicr. France 
Abstract Deadline: March | 

: Pierre Lefebvre 
té de Montpellicr 

TEL: [33] 4 67 14 37 60 
FAX: [33)4 67 14 37 56 

.univ-montp2.fr 
S univ- 

ml)nlp’ fr icns3.htm 

6th Int’l Workshop on 
Femtosccond Technology (FST 
'99) 

July 1 
Chi an 
Abstract Deadline: April 16 

Contact: FST'99 Secretariat 
Femtosecond Technology Rescarch 

ociation 
< [81] 298 47 5181 
81]298 47 4417 

rjp meeting f5199- 
ehiml 

1999 Integrated Photonics 
Rescarch Topical Meeting 
(IPR"99) 

July 19-21 
Santa Barbara. CA 
Abstract Deadline: March 17 

Contact: OSA 
TEL: [1] 202 416 1985 

2 [1] 202 416 6100 
info a osorg 
hup: www.osa.org 

7th International 
Conference on Chemical 
Beam Epitaxy (ICCBE-7) 

July 27-30 
Tsukuba. Japan 
Abstract Deadline: Feb 15.1999 

Contact: Dr. Makoto Konag 
Tokyo Institute of Technology 
T[ L [81] 3 5734 2554 

titech.ac.jp 
hup: solid.pe.titech.ac.jp cbe-7 

11th American Conf. on 
Crystal Growth & Epitaxy 
(ACCGE-11) 

August 1-6 
Tucson. Arizona 
Abstract Deadline: February 28 

Tony Gentile 
-1 Secretariat 

1805 492 7047 
1] 805 492 4062 

aacglalafn.org 
hup: www.amlarizona.cdu aacg 

1999 International Microwave 
and Optoclectronics 
Conference (IMOC '99) 

August 9-12 
Rio de Janciro, Brazil 
Abstract Deadline: March 8 

1999 International Symposium 
on Compound Semiconductors 
(ISCS '99) 

Augu 
Berlin, Germany 
Abstract Deadline: April 12 

Contact: 1SCS™99 Se 
I’mll Drude-Institute 

3 

3rd Int’l Conf. on Mid- 
Infrared Optoclectronics - 
Materials and Devices 
(MIOMD-3) 

September 6-7 
Aachen. Germany 
Abstract Deadline: July 2 
Contact: Klaus Heime 
TEL [49] 241 807745 
AX [49] 241 8888 199 

mailbox/a tht.rwth-aachen.de 
hup: www.iht.rwth- 
aachen.de miomd.himi 

International Joint Conference 
on Silicon Epitaxy and 
Heterostructures (1JC-Si) 

September 13-17 
Mivagi. Japan 
Abstract Deadline: April 30 
Contact: Prof'S. Zaima 
Nagoya University 
TEL: [81] 52 789 2762 
FAX: [81]52789 3818 
zaima‘a alice.xtal.nagoya-u.ac.jp 

1999 IEEE Bipolar/BiCMOS 
Circuits and Technology 
Meeting (BBCTM *99) 

September 26-28 
Minneapolis. Minnesota 
Contact: Janice Jopke 

CCS Associates 
TEL: (1] 612 934 5082 
FAX:(1] 612 934 6741 
jiopket@aol.com 

1999 US Workshop on the 
& Chemistry of 11-VI 

Materials 

October 
Las Vegas. Nevada 

Jay Morreale 

TEL: (1] 212 460 9700 
FAX: [1]212 460 5460 
imorreala newyork palisades org 

European GaAs and Related 
111-V Compounds Application 
Symposium (GAAS *99) 

()uubcr 4 X 

s March 19 

Contact: ans Hartnagel 
Techni Hochschule Darmstadt 

[49] 6151 162 162 
[49] 6151 164 367 

himwe001 @ hrz2.hrz.w-darmstadt.de 
hup: www.cumw.com 

Abstract deadlin 

18th North American MBE 
Conference (NAMBE-18) 

October 10-13 
BanfY. Canada 
Abstract Deadline: June 1999 

Contact: Dr Z Walcilewski 
National Research Council 
TEL: [1] 613 990 4557 
l/\X [1] 613 941 4667 

wskifa nre.ca 

21st Annual GaAs IC 
Symposium 

October 17-20 
Monterey. CA 

196th Meeting of the 
Electrochemical Society 

October 17-22 
Honolulu. Iawaii 
Abstract Deadline: May 14 

Contact: ECS 
TEL: [1] 609 737 1902 

X: [1]609 737 2743 
ces‘aelectrochem.org 
hup: wiww.electrochem.ore 

46th National American 
Vacuum Society (AVS) 
Symposium 

October 
Scattle. 

Contag 

hington 
Marion Churchill. AVS 

TEL: [1] 212 248 0200 
[1]212 248 0245 

Marion( vacuum.org 
hup: www.vacuum.org 

Int’l Conference on I1-VI 
Compounds (11-VI ’99) 

November 1-5 
Kyoto. Japan 
Abstract Deadline: May 20 

Contact: Prof. Shizuo Fujita 

(81} 75753 58‘)8 
(kuee kyoto-u.ac.jp 

. fujita.kuee kyoto-u.ac.jp 26kyoto 

International Workshop on 
High Performance Electron 
Devices for Microwave and 
Optoelectronic Applications 
(EDMO *99) 

November 
London, UK 

Contact: Ali Rezazadeh 
Kings College London 
TEL & FAX: [44] 171 873 2879 
ali.razazadeh@kel.ac.uk 
hup: ‘www.icee.org 

Lasers and Electro Optics 
Socicty Annual Meeting 
(LEOS "99) 

November 8-11 

FLeS 
FAX: [1] 732 562 8434 
m.estrinia icee.org 
hup www.icee.org society leos 

1999 Fall MRS Mceting 

November 29-December 3 
Boston. MA 
Abstract Deadline: June 21 

Contact: MRS 
T 1] 724 779 3003 
FAX: [1] 724 779 8313 
infof@ mrs. 
bup: www.mrs.org 

e 
1999 IEEE International 
Electron Devices Meeting 
(IEDM) 

December 5-8 
Washington. DC 

Cont 
Widerkehr & Ass 

1] 301 527 0900 
< [1]301 527 0994 

pwmahoney’ aol.com 
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For rates and submission instructions for employment ads, contact the editor at 
TEL (1) 978 927 9994; FAX [1] 978 927 9893 or e-mail: editor@compsem.com 

= EPIGRESS 
The continuously increasing interest in Epigress 

equipment and services opens up a number of job 
opportunities at Epigress in Lund, Sweden 

Our market leading position has been gained through 
a combination of highly motivated and skilled 
personnel, always with the needs of the customer in 

focus, and well designed and manufactured products. 

To be able to keep our leading position on the market 

as well as securing our business mission; ... to be the 
preferred supplier of equipment for epitaxy / crystal 

growth of selected compound semiconductors, such 
as SiC and SiGe...., we are looking for persons who 
can add the following experience and competence to 
our organisation. 

For more information about Epigress AB, please visit 
our homepage www.epigress.com 

CVD Scientist 

You will be responsible for the development of CVD 

processes for SiC and other compound 
semiconductors. You will co-ordinate your hands-on 

R&D activities with our co-operation projects with labs 
all over the world. Your results will be used to improve 
our products and to support our customers in their 

endeavours at the research frontier. 

Qualifications 

* Relevant academic degree, preferably to Ph.D. level 

* In-depth experience of development of CVD 
processes, preferably for compound semiconductors 

« Ability and interest to define and meet demanding 
targets 

« Excellent communicative skills 

For further information about this position contact 

Dr Jan-Olov Fornell 
phone number +46 - 46 286 89 80 

or send a e-mail to info@epigress.se 

Applied Optoelectronics Inc. 

Applied Optoclectronics Ine. (AOI) is one of the world 

leaders in the R&D of mid-infrared semiconductor 

photodetector. and other opto-clectronics 

with a huge growth potential. AOLis looking for 

dynamic and entreprencur individuals to fill the follow- 

ing positions. 

Scientist will be responsible for the processing. packag- 
L and testing of semiconductor diode lasers and pho- 

a Ph.D. in EE ov related arcas with 
significant experience in IV semiconductors. 

Engineer will be responsible for the materials charac- 
terizations with the use of Neray diffraction. Hall. PL, 
Polaron CV profiling. and other techniques. Interpret 
data and assist growth personnel. Requives BS or high- 
crin EE or related arcas. 

AOLis an equal opportunity emplover that recognizes 
people as his/her most valuable asset. Competitive 
salary and an excellent benelit package reflect the 
Company’s goals of atracting and retaining a highly 
qualified and motivated professional staff. 

For immediate consideration. please fax vour resume 

to the contact below. 

Human Resources 
Applied Optoclectronics Inc. 

949 Kingfisher 
Sugar Land 
Fax: (281) 21297 

Advertise Your Employment Opportunity 
With Us! 

Your ad in Compound Semiconductor will be seen at more than 
800 facilities worldwide, including all of the major compound 
semiconductor fabs and R&D centers. 

1999 Employment Ad Rates 
Full Page - $2,550 
Half Page - $1,920 
Quarter Page - $975 

Submit your ad as a Quark or Pagemaker file, or send us the 
text and graphics and we will format the ad for you at no addi- 
tional charge. 

1999 Deadlines: Issue1 - January 8; Issue 2 - February 5 
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The search for speed has 
taken many forms... 

25 i3 RACING TILLERS 1930's 

TOLUMINE 

Introducing the Bio-Rad RPM2000, now setting 
the pace in photoluminescence mapping... 

At last, a system that makes PL mapping of every wafer a reality. 

With its ability to produce whole waler maps in seconds” and a wide range of options, 

the RPM2000 is the system you can use between growth runs. 

Call us for details. 

www.bio-rad.com 

Semiconductor USA 20 ¢ 
Systems Division 

Europe 

Japan fippon Bio-Rad Laboratories KK Cos ark B 

Pacific Rim Rad t |/Floor; New Kowleol 
Sales: sms_sales@bio-rad.com P 52 2789 3300 



"~ World Beating III-V Custom Epitaxy 

: for a World of Applications 

Telecoms LDs / LEDs 

Telecoms PINs / APDs 

IR LDs/ LEDs 

IR VCSELs 

Visible Lasers 

UHB Visible LEDs 

Visible VCSELs 

C-Doped HBTs 

InP ['\IBTS 

P-HEMTs 

Solar Cells 

Large volume foundry, pilot production or R & D 

Multiple 27, 3” and 4” capacity 
. v 

9 % 
Whatever your epitaxy needs; however demanding, E.PI. can deliver. High or low volume, each wafer is fully supported byje: 

characterisation data and E.P1.'s world leading MOVPE technology, ensuring absolute quality and ultimate consistency. 
For more information about the world's foremost Custom Epitaxy service, contact Epitaxial Products International today: fonal fod 

" Creating Profitable Business Partnerships 

™ 
EritaxiaL Probucts INTERNATIONAL LTD 

TATRAN o & JAPANC 8 e i E . Conray Enterprises Co. Lid. 4 Electronic and Materi Hilltop Center; Building B~ G % 5 i 3 . = Corporation Ltd: 5 136 Harvey Road - 
Londonberry, NH 03053 
USA -~ A‘:‘?ns 


