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He knows he's got the world's 
best MBE system. Wouldn't 
you like that peace of mind? 

VG SEMICON 

If you buy MBE epi GaAs, chances are it 
was grown on a V100. So if you're 
thinking of purchasing a production MBE 
system, the choice is easy. 

All the world's leading epi companies 
choose the V100. Not simply because it is 

the best product. But also because we 
deliver on time, get you up and running 

quickly and give you great training and 

documentation. Our experienced 

worldwide team then provides direct help 
with technical and applications 
information and fast response for 

consumables and service. 

‘The V100 has the highest throughput 

capacity for 3", 4" and 6" GaAs wafers for 

the lowest cost per wafer and the hig 

return on investment. Designed for high 

uptime in the production environment, 

our simple, uncomplicated designs are 
rugged, reliable and easy to maintain. Our 

proven automation technology minimizes 

wafer handling for low contamination and 

exceptional reproducibility. 

Quite simply, the V100 delivers the best 

epi material, time and time again. For 

more information on the only MBE 

systems that come with peace of mind, 

why not call us. Or e-mail us at 

mbesales@vgsemicon.com 

UK (44) 1342 325011 

USA (1) 800 888 7007 

(1) 508 524 1041 

JAPAN (81) 3 3648 1381 

FRANCE (33) 1 6092 3610 

KOREA (82) 2 548 2983 

TAIWAN (88) 62 788 4242 

BENELUX (31) 76 571 1640 

NORDIC (46) 8 629 2400 

AUSTRALIA (61) 2 898 1244



JULY/AUGUST 1997 

SE 

COVER STORY - SEMICONDUCTOR LASERS 

ICOND 

VOLUME 3 NUMBER 4 

IMPIN 
OR 

NEWS 

24 

28 

29 

32 

Semiconductor Laser and LED Manufacturing in Europe 
New technology from the Old World - a report on the production of optoelectronic devices in Europe. 

Laser Diode Development at NEC, Fujitsu and Toshiba 
Fiber optics and DVD are the driving forces for Japan's largest optoelectronic manufacturers, 

Is Fiber-to-the-Home Going to Happen? 

Technology Update: 
Laser Diode Development on Ternary Substrates: LEC Growth of Bulk Materials, and Laser 
Development on InGaAs Substrates. 

NITRIDE NEWS/BLUE LASER UPDATE 

14 

15 

16 

18 

Double First for Cree 
First SiC-based laser, and first blue laser outside of Japan. 

Nichia Update 
Promising 100+ hours by November. 

Sony Sticks with ZnSe 
Demonstrates a new optical data storage system designed around a II-VI laser. 

Matsushita 15 mW SHG Blue Laser 
Not everyone is waiting around for fully functioning blue laser diodes. 

OTHER FEATURES 

12 News from Japan 
Update on CD and DVD laser 
production, and a report on 
compound semiconductor wafer 
shipments in fiscal 1996 

19 News Briefs 
IBM Plans to Challenge GaAs with 
SiGe Circuits in 1998... 
Raytheon/TI Deal to Proceed, But 
With Sale of GaAs Unit...SDL, 
Spectra-Physics Settle 
Lawsuit...SLI Contracts & 
Bids...Contracts for Spire...ISSM 
Shuts Down Operations...Low Cost 
Quaternaries from Hewlett- 
Packard...LEDs on Tour 

46 Portfolio 
In which we welcome a newcomer. 
REMD, and give a mid-term report 
on share price performance for 15 
publicly held compound 
semiconductor-related companies 

10 

38 

InP and Related Materials 

SOTAPOCS XXVI 

GaAs ICs for High Bandwidth Fiber Optics 
The use of II-V's in telecommunications doesn't stop at lasers - Vitesse is developing GaAs ICs for 
improved optoelectronic transmitter and receiver designs. 

DEPARTMENTS 

2 Index 50 Patents 
43 Research Review 55 Employment 
48 Calendar 

Compound Semiconductor 
is published six times yearly by 
Franklin Publishing 
Liberty Square 
Danvers, MA 01923 USA 

TEL [1] 508 750 9739 

FAX [1] 508 750 9740 

Individual annual subscription 
price: $75 ULS,, $90 forcign 
Library rate: $250 U.S. 
and foreign. See Page 2. 

POSTMASTER 
Second class postage 
paid at Waconia, MN 
and at additional 
mailing offices. 

Editor 

Marie Meyer Robert A. Metzger 
Franklin Publishing 
Liberty Square 

address changes 1o Danvers, MA 01923 USA 
ubscriptions TEL [1] 508 750 9739 

Square FAX [1] 508 750 9740 
rs, MA 01923 USA  mmeyer@compsem.com 

Se 
©Copyright 1997 Tel (1] 404 705 8475 

by Franklin 
Publishing - all ights reserved. rametzger@aol. com 

Microelectronics 

Compound Semiconductor 
6605 Williamson Dr. N 
Atlanta, GA 30328 USA 

FAX [1] 404 255 9867 

Clockwise from top left: SEM of cleaved 
facet of GaN/SiC laser (Cree); Edge emis- 
sion_from GaN/SiC laser (Cree); 7mW 
DVD lasers in 5.6 mm packages (Rohm); 
telecom laser modules produced in Europe 
(Hewlett-Packard FCO). 

Contributing Editors 

Optoelectronics 

Gary Wicks 
University of Rochester 
Institute of Optics 
Rochester, NY 15627 USA 
TEL (1] 716 275 4867 
FAX [1] 716 244 4936 
wicks@optics.rochester.edu 

Materials 

Colombo Bolognesi 
Simon Fraser University 
Physics Department 
Bumaby, BC VSA 186, Canada 
TEL [1] 604 291 5964 
FAX [1] 604 291 4951 
colombo@cs.sfu.ca



Subscribe to 

SIMBIUND 
ONDU 

Compound Semiconductor 

is available only by paid sub- 

scription.  But for just $75 
US/$90 ROW, you can receive 
a full year’s supply (six issues) 
of the industry’s best source for 

news and information about 
current status and future 
prospects of Ill-V, II-VI and V- 
IV semiconductors. 

And if you are a scientist or 

engineer working in the com- 
pound semiconductor field, you 

may qualify for our Courtesy 
Discount Rate of $45 US/$59 
ROW. 

To place an order, or to 
request a Courtesy Discount 

Rate application form, contact 

us at the following 

Franklin Publishing 
Liberty Square 

Danvers, MA 01923 USA 
TEL[1] 508 750 9739 
FAX [1] 508 750 9740 

e-mail: info@compsem.com 

o 
Compound Semiconductor July/August 1997 

Organization Index 
oo SACO Conirols 23 Company/Organization Page Samsung 

e Sandia Nat1 Lab 

afiolnt 51 Sarnoff Corp. 
Accu-Sort 2 Saturn Cosimos Aixtron 24 SDL 18,22, 
Alcatel 9,24 Seiko 
N o Siemens 
Anadigics o SGS-Thomson 
Analog Devices 19 Sharp 
APA Optics 2 Shin-Etsu Astralux 5 S patal i gfi“ a Denko 
Boston University 54 So45 12, 16,51 
Brown University 14 St Phytit il Biown 0 ggfiaélm'l’hynu 

. 

Cree Rescarch 14,23, 24,46, 52 SO e 
Crystallod 32 Texas Inst. 20. D, : 3M 

D.EEG Thomson-CSF 
Dowa Mining 13 Toshiba 4,12, 
EG&G o TiQuint Emcore 46 TRW 8,43 Epichem 24 Toicare i 
Epitronics 46 
Ericsson 21 VW, X.Y,Z 
ETRI (Korea) 53 AiF Force 54 FESTA (Japan) 9 Ny 5 France Telecom 52 Uniohase % 
et BT Univ. of Ca Santa Barbara 4 
F“J";“ e Univ. of Ca. San Diego 10 urukawa 2 Uniy. of Florida 45 
LIJK Univ. of Houston 4 

|H'GE’C - % Univ. of Illinois M43 P 0 Univ. of New Mexico 10 
e e Unis. of Oklahoma sl s 5 Univ. of Waterloo 54 Hitachi Cable 13 T 5,38, 46 
Honeywell 53 Vn:\‘(‘nm e 
Hughes K Watkins-Johnson 54 

Towa Staie Univ 50 ek o 
Japan Energy 13 SR i Kopin 46 

L,MN, O . a [L.MN, — Advertiser Index 
Lucent 45,50, 5 

Matsushita 18, Advanced Ceramics 30 
Max Planck Inst. 44, 5. AIXTRON 3 Meijo University : - et American Xtal Technology 37 
Mitel Bio-Rad Micromeasurements 21 
Mitsubishi CVD Products 
Mitsubishi Cable D ;9 Mitsubishi Chem. ynes = Motorola Emcore OBC e EPI MBE Products 35 
NRC (Canada) EpiCiess kil NCSU Freiberger 41 
NEC Iscs 49 
Nichia Chemical Titton Airtron 25 
Nortel 5 e Northrup Grumman 5 Loomis 15 
NTT 5 M/A-COM IBC 
grr’lh; Power :; Morton International 53 e 6 

NAMBE 6 
PQR Showa Denko 7 

}EMH)\C e 2, :j Solkatronic Chemicals 11 irelli Cable JLogi Polish Acad Sci 54 St L 
Power Spectra 6 Sumitomo 3 
Purdue Uiy 3 TRW 55 Raytheon 20 i 
RF Micro Devices 4,46,54 Yo beioon e RIKEN i Wafer Technology 17 
Rohm 12 



VD Lrgineering Company ™ 

IT'S A FACT 
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scaling concept, from R & D up to 
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95x2" wafers or equivalent 3", 4" 

wafers) 

FACT! 
AIXTRON is the only company in 

the lll-V epitaxy field offering proven 

processes from mono layer thick- 
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IS0 8001 Certification - 

the internationally recognized 
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NEW DEVICES 

RFMD Linear Amplifier for PCS 

Greensboro, NC. RF Micro Devices has announced the availability of the RF2146, a 
high-power, high-efficiency linear amplifier designed for use as the final amplifier in 
4-cell CDMA hand-held digital cellular equipment and spread spectrum systems in the 

1500 MHz to 2000 MHz band. 
Manufactured using GaAs HBT process technology. the RF2146 offers over 28dBm 

linear output power with 18.5dB gain. Typical efficiency is 37% for 28dBm linear output 

power operating at 4.8V. in some circumstances efficiency can be over 40% and still meet 

the requirements of the CDMA standard. The self-contained device features an on-board 
power-down mode. SO0W input match. and it is designed so that the output can be easily 

matched to maximize operating power, efficiency and linearity characteristics. 
The RF2146 is designed for the following applications: 4.8V CDMA PCS handsets, 

4.8V TDMA PCS handsets. 4.8V PACS PCS handsets, cellular base stations and portable 
battery- powered equipment. Of ina SOP-16 QBW1 pack: the RF2146 sells for P g 
$7.32 or less per unit in quantities exceeding 10,000 units. Anadlglcs 13 Hoppmg 

REMD also recently announced the availability of a 10dB-switched attenuator for Warren, NJ. Anadigics recently announced 

communications systems that require RF power control by digital means. The RF 2421, a new GaAs power amplifier which it says 
which is manufactured using a GaAs MESFET process, features 1-bit digitally controlled will allow cellular handset manufacturers to 
attenuation with a single step attenuation of 10dB and an insertion loss of only 1 dB. “leapfrog to the next generation of phones". 

Offered in a SOP-8 package, the RF2421 sells for $1.23 or less per unit in orders exceed- The new chip, the AWT1903, is intended for 

i U nnitss use with PCS 1900 MHz CDMA applications. 
According to the company, the power 

amplifier is designed and optimized to accom- 
Single Supply ICs from Fujitsu modate the linearity requirements of the 

SHRC I CDMA signal spectrum by significantly mini- Tokyo, Japan. Fujitsu has announced that it has developed a new family of ICs that do i o I compsiedota 
not require exterior parts for purposes of control. The company says that its enhancement- 5V three stage slass AB GaAs MESFET 

mode GaAs FET processing eliminates the dual supply requirement, and because fewer amplifier rcqlzring an external 3.6V supply 
components are ne here is no need for a drain switch or negative voltage to establish the gate bias voltages. The IC 

generator), the cost of munuluuunn" the cell phone or wireless handset is reduced. ) 1ypi‘cally exhibits 26 dB gain, -12 dB input 

The first products offered will be 4.8V ICs for AMPS and GSM phones, with eturm’ loss, 33% efficiency, and an ACPR 
+23.5dB and +32dB gain, respectively. The company is to start mass production at a @125 MHz offset of 33 dBe at an output 
monthly level of 1.5 million units starting in August. The sample price is 800 yen. power of 28 dBm in the 1850 to 1910 MHz 

PCS band. 
. The AWT1903 is packaged in a 28 pin 

Ka & C-Band GaAs from Toshiba thermally enhanced SSOP package. It is 

available at $8 in quantities of 100.000. Irvine, CA. Toshiba America Electronic Components recently introduced a new 
Ka-Band GaAs FET module that operates at 38 GHz with an output power of 25dBm. 

This is one of the highest power modules available with such a high frequency range. The 
company says that the module. designated KMCOO880A, is the first to take advantage of the newly FCC-allocated Ka-bandwidth. 

"Toshiba maintains a focused effort to lead the industry in technology breakthroughs. In doing so, we are committed to utilizing new opportu- 

nities in the communications technology industry," stated Malcolm Wood, product marketing manager, microwave devices for Toshiba's semicon- 

ductor group. "With the introduction of the new Ka-Band module, Toshiba continues to 

uphold its leadership role." The module is targeted towards the point-to-point digital 

communications market, specifically the base stations used in cellular phone transmis- 
sion and Local Multipoint ibution Systems (LMDS). 

d GaAs product 
2 L. which has an 

output power of 46.5dBm at a frequency range of to6.4 (:H/ Thu company believes 

this is the first C-Band GaAs FET to achieve such a output power at this frequen 

range. The new device is targeted for use in satellite, military and wireless communica- 
s well as point-to-point radio. Pricing in 100 piece quantities is $1,060, with full 

production scheduled to begin in October. 

The other new C-band parts are three MMIC modules offered at frequencies of 3.7 

1-7.2,and 7.1 to 8.5 GHz. Each offers 33 dBm of output power. Thc 
geted toward all stages of C-band amplifiers used in satcom, wir 

One of Toshiba’s new MMIC modules for use as a munications, as well as point-to-point radio applications. Pric 

C-band amplifier. is $124, with full production scheduled to begin in Sumgmbu 

oy
 

o
 
e 

n 100 piece quantities 
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NEW DEVICES 

Crosspoint ICs from Vitesse 

Camarillo, CA. Vitesse Semiconductor Corp. recently announced the availability of the VSC850 16 x 
32 crosspoint switch IC for high-speed digital data-switching systems used for Gigabit Ethernet and ATM 
applications. It replaces simple 8 x 8 switches that require a large array of devices to achieve the same 
bandwidth and additional resynchronization and driver ICs on each channel to achieve the same perfor- 
mance. The VSC850 provides both higher performance and a more cost-effective system solution in a sin- 
gle IC. In addition to Gigabit Ethernet and ATM, the VSC850 is also well suited to other datacom and tele- 
com switch cores, high-speed routers, Fibre Channel applications and proprietary computer networking 
systems. 

The VSCB50 IC features a 16 x 32 crosspoint switch core with | b/s fully differential serial I/Os 
It has a non-blocking architecture with standard TTL interfaces for control logic and ECL interfaces for 
high speed differential serial /O, It performs with less than 100ps duty cycle distortion, less than 200ps 
of skew in broadcast mode, and has a typical power dissipation of less than 4.6W. 

“Compared with high-speed silicon BIT and other GaAs crosspoint switch ICs, the VSC850 offers 
lower power and higher bandwidth,” said Barry Sandefur. director of ATM and datacom switch products at Vitesse. “Getting the same bandwidth in CMOS 
would require a multiple, high-pincount device architecture, requiring more board space and more complex interconnect. The VSC850 is a more cost-effec- 
tive, less complex solution.” 

The VSC850 marks Vitesse’s entry into the development of high bandwidth network switching products for datacom applications and follows Vitesse's 
significant success with custom and ASIC switches for SONET/SDH telecommunications applications. The VSC850 is supplied in a 208 pin PQFP pack- 
age with 1,000- piece quantities priced at $143. Samples and production quantities are available now. 

Power Amps and Upconverter from Motorola 

Phoenix, AZ. Motorola has announced the addition of the MRFIC1813 GaAs upconverter to its personal communications line of RFIC devices. It com- 
bines a balanced upmixer and transmit exciter amplifier in low-profile TWWOP-16 surface mount plastic package. This RF upconverter requires minimal 
off-chip matching, and is optimized for low-side injection and provides more than 15 dB of conversion gain with more than 0 dBm output at | dB gain 
compression. It features high linearity and low power consumption (75 mW typ.), with a low LO power requirement (0.5dBm typ.). Designed for use in 
wireless personal communications, the upconverter is used in 1.9 GHz applications such as the Digital European Cordless Telephone (DECT), Japan's 
Personal Handy System (PHS), and US Personal Communication Services (PCS). It is also applicable to 2.4 GHz ISM equipment. It is priced at $1.95 per 
unit in quantities of 100K units. Samples and small quantities are available 
from stock: production quantities have an 8-10 week lead-time. 

Motorola also recently announced the availability of two new GaAs 1 
MESFET power amps. The first, part number MRFIC0913, is designed for 1997 m|?cfig‘l'egég:1 %;ri‘t?;;nce on 
GSM handsets. From a 4.8 V supply it provides 48% minimum power effi- 
ciency and outputs 2.8 watts. Input, output and some interstate matching is 
accomplished off-chip, allowing the device to operate over a usable fre- 
quency of 800 to 1000 MHz. Itis packaged in Motorola's proprietary PFP- 
16 power flat package, which improves thermal performance through a sol- 
derable backside contact. The MRFIC0913 is priced at $4.30 per unit in In the tradition of the previous conferences in this series, this 
quantities of 100,000 Samples are available now: production quantities have meeting will cover a range of topics pertaining to epitaxial 
a 12-week lead-time. growth by MBE and related techniques. Topics include but are 

The other new power amp. the MRFIC1917, is designed for Pan not limited to: 
European digital 1.0 watt DCS1800/PCS1900 handled radios operating in o Advances in epi'uxia| grth 'echniques 
the 1.7 to 1.9 GHz band. Major features of this device are low negative cur-  |n-Situ measurement and control 
rent requirement (-2 mA max), and guaranteed stability and ruggedness. It * Deposition of New Materials 

The 16th Annual North American Conference on Molecular 
Beam Epitaxy (NAMBE-16) will be held October 5-8, 1997 at 
the University of Michigan in Ann Arbor. 

operates at dBm typical output with power gain over 27 dB from a 3.6 ® Heterostructures 
V supply. Like the MRFIC0913, it is also packaged in the PFP-16 power flat * Patterned and selective growth 
package. Pricing is $9.45 for quantities of 10.000. Samples are available * Devices and novel concepts 
now; production quantities have a 22-week lead-time. * Production MBE technology 

For more information, contact: 

Pallab K. Bhattacharya 
University of Michigan 
Dept. Of EE & CS 
1301 Beale Ave 
Ann Arbor, MI 48109 USA 
TEL[1] 313 763 6678 
FAX [1] 313 763 9324 
email: pkb@eecs.umich.edu 

Or visit the conference Web site at 
http:/ /www.cms.housing.umich.edu/MBE97/ 

Motorola’s new power amp for 1.9 GHz digital handsets. 
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NEW DEVICES 

3V RF Receiver ICs from TriQuint 

Hillsboro, OR. TriQuint Semiconductor has unveiled a new line-up of new GaAs 
MESFET 3V RF Receiver ICs for wireless handsets. Two of the chips, the TQ9225 
and TQY228, are designed for PCS band mobile phones using the CDMA standard. 
Both components contain a multi-stage downconverter (LNA + mixer) chain and 

include an LO buffer to drive the transmitter circuitry. 
"In designing the TQ9225 and TQY228 receivers, we were striving for a high 

level of RF integration to reduce receiver cost,” said Chris O'Connor, marketing 
manager for the receiver product line at TriQuint's Wireless Communications 
Division. "These ICs are significantly less expensive than alternatives based on dis- 
crete functions.” 

The downconverter architecture used in the TQ9225 and TQ9228 is split in a 
way that maximizes LNA dynamic range while maintaining excellent overall down- 
converter RF performance needed for CDMA products. RF performance -- con- 
version gain of 28dB, noise figure of 2.4dB and input third-order intercept point of 
-9dBm -- enables the design of standards-compliant mobile phone products, while 
the high LNA output IP3 minimizes the self interference caused by the transmitter 
power amplifier. The two components are designed to support a full range of LO 
and IF frequency ranges. The TQ9225 has a LO frequency range of 1710-1790 
MHz and an IF frequency range of 210-212. while the TQ9228's LO frequency 
range is 2015-2075 MHz and IF ra 

micro-cell applications. 
The TQ9225 and TQY228 come in a small 24-pin surface mount plastic pack- 

age. They are available from stock at a unit price of $3.86 at 100,000 quantities. 
Also new from TriQuint is a dual-band receiver designed specifically to sup- 

port the time division multiple access (TDMA), or IS-136. and the GSM standards. 
Two separate LNA + mixer circuits in the new receiver IC handle both the 
800/1900MHz TDMA bands and the 900/1800MHz GSM bands. 

Running off a single supply voltage ranging from 2.7V to 
provides good RF performance with low current consumption, usi 

ge 84-86 MHz. 
TriQuint reports that a wide supply voltage range of 2.7-4.0V is possible, 

which permits the use of these receiver ICs in a variety of applications. In addition 
to CDMA 1900 handsets. they are also suitable for wireless local loop and PCS 

)V, the TQ9222 

Also new from TriQuint: a dual-band receiver which 
accomdates the TDMA and GSM standards. 

nly 10mA and 20mA., respectively, for the cellular and PCS bands. The device 
is capable of operation with supply voltages up to 5V with slightly higher current consumption. "Our new dual-band IC offers the lowest power 
consumption on the market today, maximizing standby times for portable applications," said O'Connor. 

The TQ9222 is housed in the small QSOP24 package (0.025 inch lead pitch) to minimize required board space. Samples will be available in 
third quarter of 1997 at a unit price of $5.00 in order quantities of 100,000. 

Attention 
Semiconductor 
Manufacturers 

If your company manufactures GaAs 
ICs, laser diodes, LEDs or any other 
compound  semiconductor-related 
device, we'd like to hear from you. 
Instruct your PR department to send 
new product announcements to: 

Editor 
Compound Semiconductor 
Liberty Square 

Danvers, MA 01923 USA 
TEL[1] 508 750 9739 
FAX[1] 508 750 9740 
e-mail: editor@compsem.com 

6 Compound Semiconductor July/August 1997 

Siemens Wireless GaAs Offerings 

Cupertino, CA. Siemens Components is 
expanding its family of GaAs devices for cel- 

lular and PCS handsets with the introduction 
of two new MMICs: a variable gain driver 

amplifier suitable for fixed gain final stage PA: 

and a low current version of its CMY210 high 
linear up/down converter. Each can function 

in cellular, PCS (CDMA & TDMA) and GSM 
1900 designs. 

"These devices give the designer more 

flexibility, and still deliver outstanding perfor- 
mance characteristics," said Andreas Nitschke, 
product marketing manager, GaAs compo- 

nents. "These new products should provide 

even more confidence in the Siemens road 
map for the next generation of gallium 
arsenide, with dramatic gains in integration 

and performance.” he said 

The CMY211 is a low current, high linear 

mixer for RF front-end designs. It features an 

integrated LO buffer amplifier and an LO fre- 

quency range from 0.5 to 2.5 GHz. It operates 

down to 2.7V power supply, and offers 

IPIP3 performance of +16dBm at a drain 
current of 3.5mA, RF=1.96GHz, I[F=210MHz, 

LO=1.75GHz, P(LO)= 0dBm. 
The CGY121A and CGY121B are vari- 

able gain amplifier (VGA) MMICs that can 

deliver a gain control range of +55 dB range 

for cellular, PCS, or wireless 2.4GHz Wireless 

LAN. With its 50ohm input and output broad- 

band matching on chip, both devices can be 

used in today's wireless communication 

designs up to 2.5GHz. 

The CMY211 mixers will be available in 
MW6 SMD package, initially priced at $2.00 

in quantities of 100k. The CGY121A/B vari- 
able gain amplifier will be shipped in MW6 

SMD package, priced at $2.00 in quantities of 
100k. 
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InP for the Information Society 

1997 InP and Related Materials Conference 
May 11 - 15, 1997 
Cape Cod, Massachusetts 

MARIE MEYER 

fficial Japanese statistics report that the 
O\()lume of information generated by 

our society is growing at the phenome- 
nal rate of 34% per year - which means that the 
information load (or overload, depending upon 
your point of view) doubles every 2.5 years, 
and will increase by an order of magnitude in 
less than ten years. 

Optical communications networks - con- 
structed using InP lasers - are critical for mov- 
ing all that data around. The 1997 IPRM con- 
ference made it clear that the future of the InP 
sector is tied to the continued development of 
communications systems. However, it was 
also evident that in the future there will be 
more to InP than just lasers, and that InP com- 
ponents should find applications in other types 
of networks in addition to optical systems. 

Electron Devices 

More than 50 papers at this year's IPRM 
discussed FETs, HEMTs and HBTs. TRW 
alone turned in seven reports, demonstrating 
their early leadership in the production of InP 
microelectronics. 

Among the TRW papers was a report on 
the fabrication and demonstration of a three- 
stage InP HEMT low noise amplifier (LNA) 
(see Figure One). This circuit produced 1 
decibels (dB) of gain at a frequency of 1 
GHz. which is the highest operating frequency 
ever reported for a solid state amplifier. (1 
dB of gain is equivalent to amplifying a signal 
by a factor of 18.) TRW says that the 0.1 
micron MMIC process used to build this chip 
has attained a high level of maturity, with con- 
sistent wafer to wafer uniformity. The compa- 
ny believes the process is suitable for higher 
levels of production volumes. 

TRW also discussed a power InP process. 
Due to the relative immaturity of InP HEMT 
development, reports on output power for InP 
HEMT amplifiers have thus far been limited to 
around 50 mW. But TRW reported that it has 
optimized a gate recess process which enabled 

8 Compound Semiconductor July/August 1997 

the development of a 640 micron single-stage 
InP HEMT MMIC amplifier which delivered 
130 mW output power with 13% power added 
efficiency at 94 GHz. This result is believed to 
be the best output power fixture data from a 
single InP HEMT MMIC at this frequency. 

Records are one thing - reproducibility is 
another. Happily, TRW also presented two 
papers discussing the conversion of their InP 
HEMT and HBT program from research to 
production. Part of this work was done under 
a $22 million contract from ARPA's MAFET 
program, aimed at improving MMIC produc- 
tion. (See CS 1(3), p. 14). 

The InP technology transfer at TRW 
involved not only reorienting the InP program 
from a R&D focus to a volume manufacturing 
mode, but also converting from 2" to 3" 
wafers. The overall InP wafer production flow 
for both HEMT and HBT MMICs at TRW is 
described in Figure Two. All production is 
now donme on 3" wafers, with typical 
linewidths of 1.0 micron for HBTs and down 
to 0.1 micron for HEMTs. Half of the steps 
are shared by both technologies. In addition, 
there is a large degree of process commonality 
with TRW's GaAs MMIC program - around 
70% for the HEMTS. This allows the compa- 
ny to take advantage of the lessons learned in 
that higher volume and more mature process. 
Over 50 different MMICs, including LNAs, 
mixers, frequency converts, VCOs and high 
linearity amplifiers from X-band through W- 
band have been manufactured using this 
process. 

Commenting on these results, Dave 
Vandervoet, vice president and general manag- 
er of TRW's Electronics Systems & 
Technology Division, said, "We're delighted 
with the results of our InP development pro- 
gram. We believe that it will soon be possible 
to produce InP integrated circuits with operat- 
ing frequencies as high as 220 GHz. These 
low noise, high performance chips will enable 
a whole new class of faster, more capable 
telecommunication systems for our govern- 
ment and commercial customers." 

Figure One. TRW's three-stage InP HEMT 
low noise amplifier (LNA), which produces 
12.5 decibels (dB) of gain at a frequency of 
155 GHz. This is the highest operating fre- 
quency ever reported for a solid state amplifi- 
er. TRW also reported that the 0.1 micron 
MMIC process used to build this chip has 
attained a high level of maturity, with consi; 
tent wafer to wafer uniformity. The company 
believes the process is suitable for higher lev- 
els of production volumes. 

COMMON PROCESSES in 
TRW's InP MMIC FAB 

HEMT HBT 

MBE Growth 
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T 

] Isolation | I Emitter Mesa I 

| Basemesa | 

Passivation 

[ Passvaon | [ schomy | 

Collector 

I Ohmic Contacts I 

Gate I 

Second Nitride 

Thin Film Resistor 

First interconnect 

MIM Dielectric 

Airbridge/Top Metal 

Thinning 

Backside Via 

Backside Metal 

Figure Two. TRW's InP MMIC manufactur- 
ing process flow. Half of the steps are com- 
mon to both HEMT and HBT fabrication. 
Color boxes indicate critical nodes - yellow 
Jor transistor performance critical nodes, 
blue for passive component critical nodes. 



CONFERENCES 

Telecom Lasers - Ready for 1 Th/s? 

Of course, one normally thinks of lasers, 

not transistors, when discussing InP and the 
majority of papers at this year's IPRM dealt 
with optoelectronic topics. In the plenary ses- 
sion Herbert Haupt of Alcatel 

Research Division set out his company's views 
on the immediate future for telecom laser 
development. 

Alcatel has adopted the buried ridge stripe 
(BRS) structure shown in Figure 3. Haupt 

reported that its advantages include very high 

Telecom 

For their basic laser design, 

R 

n-contact 

V" ‘maw 
unimplanted p-In 

Figure Three. Schematic of the buried ridge 
strip (BRS) laser structure which Alcatel has 
adopted as their basic telecom laser device. 

reproducibility in the manufacturing process 

combined with high reliability. He reported 
that they can be manufactured in volume with 
precise control over the emission wavelength, 
with a variation over the 2" wafer within 

+ Inm. 

Applications for this type of structure 

include low cost 1500 nm DFB lasers for 
tems operating at 622 Mb/s, where high tem- 
perature operation with a limited current con- 
sumption is required. Using facet coated 
lasers with low threshold currents (<20 mA) 
and high quantum efficiency (>0.2 W/A) at 
75°C. Alcatel has been able to demonstrate 
system operation across 188 km with only 0.2 
dB BER penalty. For shorter-range 1300 nm 
systems, Hewlett-Packard has obtained suffi- 

cient laser operation up to 85°C without facet 
coating. Haupt also reported that Siemens has 
used a loss coupled grating to increase the sin- 

gle-mode yield of DFB lasers from the usual 

509% - 60% to up to 90% at moderate emission 
power. without essential reduction of CW per- 

formance. 

types of systems, usually requiring a "tweak- 

ing" of the design to optimize performance. 
For example, Alcatel produces a 6 QW version 
for 2.5 Gb/s systems where low chirp require 

ments are important. 

Of course, there are many other 

Here links as long as 

200km have been successfully implemented 
In another plenary talk, Osamu Wada of 

Fujitsu discussed the future of InP-based tele- 
He told the audience that signal- 

processing systems would need to exceed 1 
Th/s by the year 2010. He predicts that that 
goal cannot be met by incremental improve- 

ments in the performance and cost of the exist- 
ing types of devices. One of the solutions he 

com lasers. 

discussed was the use of devices and circuits 

operating in the femtosecond range. To make 

that a reality. several new developments are 
needed, including monolithically integrated 

mode-locked semiconductor lasers that can 
generate an ultra-short pulse width and ultra- 
high repetition rate; and new types of all-opti- 

cal switches to replace ordinary photore- 
ceivers. Achieving these goals may require a 
return to basic science. Dr. Wada, who is also 
affiliated with Femtosecond Technology 
Research Tsukuba, Japan 
reminded the attendees that the application of 
some "novel physics in In-P based materials 

Association in 

would likely be required to overcome the pre- 
sent carrier lifetime-governed speed limit in 
existing devices 

Dr. Wada will be the chairman of the 
1998 IPRM meeting, which will be held next 
May in Tsukuba 

[ave a Choice 
CVD PRODUCTS is fast becoming THE CHOICE SUPPLIER OF PBN to lead- 

ing edge technology companies all over the world. We have the experience, 

personnel and resources to produce PBN (Pyrolytic Boron Nitride) 

components which are the best in the industry. In fact, our Pyrosyl™ PBN 

has become the crucible and plate choice for many of the world’s 

MBE USERS AND CRYSTAL PULLERS. 

We carry common size crucibles, plates and components in 

stockfor immediate delivery, or we can fabricate to print. 

Al sales, design and engineering functions are performed 

in-house assuring fast responses to inquiries and shorter lead 

times for custom parts. Custom packaging is available to meet 
your specific needs. 

For more information call TOLL-FREE 1-800-700-1CVD and 
request a copy of our free, full-color brochure. 

MAKE CVD PRODUCTS YOUR CHOICE FOR PBN. 

CVD Products, Inc. 

4 Park Avenue Hudson, NH 
03051-3927 USA 
PHONE (603) 598-9122 

TOLL-FREE 800-700-1CVD 
FAX (603) 598-9126 
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CONFERENCES 

What Does Gordon Moore Think of Us? 

SOTAPOCS XXVI 
May 4-9, 1997 
Montréal, Québec, Canada 

COLOMBO BOLOGNESI 

he twenty-sixth  State-of-the-Art 
I Program on Compound Semiconductors 

(SOTAPOCS) was held during the 1915t 
Meeting of the Electrochemical Socief 
(ECS). The program consisted of six half: 
sessions on topics ranging from materials 
growth and characterization to proce: 
device fabrication. But for this author, a major 
highlight was the ECS Plenary Lecture by 
Gordon Moore, co-founder of the Fairchild 
Semiconductor and Intel Corporations. As a 
prophet of future challenges facing chip mak- 
ers, Moore has no equal in terms of credibility 
- after all, this is the fellow who, in 1965, pre- 
dicted the need for annual doubling of transis- 
tor density in microprocessors (now known as 
"Moore's Law"). 

Equipped with illustrative and entertain- 
ing examples. Moore attempted to put the 

ring development of the semiconductor 
industry in perspective. He pointed out that 
the current annual worldwide transistor pro- 
duction is approximately 107 units: roughly 
corresponding to the total ant population on 
the planet. Another way to gauge the progress 
accomplished is by examining the per transis- 
tor cost through time: whereas in 1970 the per 
transistor cost was 1S, it had fallen to a 
"microbuck” (1u$) by 1995 

In Moore's view, the ultimate limits of sil- 
icon technology may be reached when the 
minimum feature size runs to 0.05 to 0.1 um, 
and will be due to local variations in doping 
density in the semiconductor material making 
up an individual device. To put this in per- 
spective, consider that the industry now runs 
0.35 pum product with I-line steppers, 0.25 um 
DUV or 248 nm excimer lithography process- 
es are now at the integration stage, and 0.18 
um processes relying on 193 nm radiation (or 
1:1 x-ray ima, are currently being devel- 
oped. In prmupk Moore believes the sca 
down to 0.18 um should be fairly straightfor- 
ward whereas the next step, to 0.13 um, will be 
a lot more difficult because of the lack of 
transparent materials for optics below 193 nm 
He recalled that with shrinking device geome- 
tries MOS gate oxides have to be thinned to 
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minimize short-channel effects, and that high- 
quality pinhole-free gate oxides of 30-50A are 
now possible. Interestingly, these ultrathin 
gate oxides do not appear to suffer too much 
from quantum mechanical tunneling because 
the operating voltages are dropping faster than 
the oxide thickness (and the normal electric 
fields are reduced). Besides the lithography 
challenge. he pointed out that some of the 
other major difficulties facing the semiconduc- 
tor industry over the next ten years will 
involve managing the tremendous complexity 
as well as the functional validation of increas- 
ingly complex products, minimizing intercon- 
nect delays (which are becoming significant 
speed limiters). and searching for lower 
dielectric constant insulators. 

Moore expressed the belief that silicon is 
the ultimate semiconductor for complex inte- 
grated circuits: this, he believes, will become 
particularly evident when the industry reaches 
the stage where interconnections become the 
principal speed limiting factor. thus masking 
the intrinsic speed advantage found i in other 
materials. This, according to Moore, "is not to 
say there is no place for compoun(l semicon- 
ductors," but they will likely be restricted to 
cellular phone front ends and related applica- 
tions, rather than in complex circuits. In other 
words, Moore subscribes to the belief that the 
current status quo will hold. 

Other Highlights 

Among the other highlights from the con- 
ference was a report from Charles Tu from UC 
San Diego who described the use of tris- 
dimethylaminoarsenic (TDMAAS) to perform 
in-situ etching and epitaxial regrowth in a sin- 
gle growth chamber. TDMAASs does not con- 
tain As-H bonds and it is considered to be safer 
than the more commonly used AsH. In addi- 
tion, TDMAAs also contains no As-C bonds, 
and therefore results in a lower carbon conta- 
mination in epitaxial material. Etchi 
at substrate temperatures greater than 550 (‘ 
and growth at around 500°C. The etch rate of 
GuA~ can be as high as 0.3 pm/hr at 650°C. Tu 
showed that in-situ etched and regrown sur- 

faces exhibit lower interface state densities 
than ex-situ RIE processes, and demonstrated 
the use of his single chamber etching/regrowth 

process to regrow a thick p+ AlGaAs carbon- 
doped extrinsic base region in order to p: 
vate the emitter periphery while simultaneous- 

ly reducing the base access resistance in an 
AlGaAs/GaAs HBT. 

And, of course, no compound semicon- 

ductor related conference would be complete 
without some discussion of GaN and related 
materials. The nitride highlight for this meet- 
ing was a report from L.F. Lester from the 

University of New Mexico on the results of 
Ohmic contact studies on MOCVD grown n- 

and p-GaN, with a particular attention placed 
on the impact of nitrogen loss during high tem- 
perature annealing steps. For n-contacts to 

GaN, annealing of the wafer at 1120°C prior to 
metallization allows non-alloyed Ti/Al Ohmic 
contacts to be formed. In contrast, unannealed 
samples with the same metallization display 
Schottky-like characteristics. This result is 
most likely due to the creation of N vacancies 

which act as donors in GaN, and leave the near 
surface region n+. In order to activate Mg 
acceptors in p- GaN, a 20 minute anneal at 
700°C is often used to drive out uvmpumun«‘ 
hydrogen in MOCVD-grown mates The 
possibility of inadvertently causing dopant 
compensation and degrading Ohmic contacts 
to p-GaN by nitrogen desorption was investi- 
gated and it was found that the way in which 
the sample is capped during the anneal has no 
apparent effect on the specific contact resis- 
tance. However. the lowest contact resistance 
on p-GaN was achieved when a post-metal- 
lization heat treatment is used to activate the 
dopant and alloy the metal simultaneously 
because of a reduced nitrogen loss and hole 
compensation near the surface. For p-GaN 
contacts, it was noted that the contact resistiv- 
ity does not strongly depend on the contact 

metal because of Fermi level pinning. 

The full technical program of the 191st 
Meeting of the Electrochemical Society can be 

found on the WWW at http:/www.elec- 
trochem.org. 
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News from Japan 

CD & DVD Laser News 

CD laser market leade-s report- 
edly launching volume production of DVD 

lasers. The company has been in small-scale 
production of DVD lasers since January. 
Rohm recently installed a 1 million-unit-per- 
month production line at subsidiary Wako 
Electric's Okayama plant. The new line is 
expected to become fully operational one year 
from now. The company says its 650nm 

MQW strained layer DVD laser operates at 

50mA, 35% lower than the operating current 
required of conventional DVD lasers, and can 
operate stably at 90°C. 

Production of the DVD lasers will use a 
growth process similar to 

that which ROHM uses for CD lasers. Rohm 
is somewhat late to the market with its DVD 
offering - at present, at least seven other com- 

panies are producing DVD lasers. Rohm says 
it hopes to make up for lost time by being the 

first to go into to very high volume production. 
They claim that the present volume leaders, 

such as Hitachi and Toshiba, have a maximum 

capacity of 300,000-500.000 units per month, 
and that Rohm will soon offer double or triple 

that output. 

In Ju]},mp]ans to begin sample 

shipments of nm laser for DVD-RAM 
drives. The HL6501MG is an AlGalnP-based 

laser diode with an output of 35mW. It uses an 
inclined substrate to optimize the crystal 

growth conditions to reduce the wavelength 
and uses a distortion compensated multiple 

quantum well structure to increase the light 
emitting efficiency to achieve both the high 

output and a low power consumption of 90mA 

on average. The laser is housed in a 5.6mm- 
diameter package and sample-priced at ¥5,000 

($43.86). Plans call for producing 20,000 
units a month from October 1997 and raising 
output to 100,000 units in April 1998. 

as started marketing 650nm 

red semiconductor lasers for DVD-ROM 
and barcode readers. The company. which 

currently sells 635-685nm lasers for a range of 
applications including MOD, DVD, and mea- 
suring instrument, has developed the 
TOLD944-MC/MD, a 7TmW 650nm laser for 

DVD, and the TOLD9442M, a SmW 650nm 

laser for barcode readers. The company says it 

is now able to produce 400,000-500,000 red 

semiconductor lasers per month. The compa- 
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Examples of Rohm’s new 7mW DVD lasers 
in 5.6 mm packages 

ny will also expand its visible LED offer- 
ings, focusing on high-brightness models 
made of quaternary (InGaAsP) material. 

Sony has announced plans to strengthen 
its optical disk semiconductor laser and 
laser coupler business. According to a com- 
pany spokesperson, in response to a brisk 

demand for laser couplers for CD/CD-ROM, 
the company has increased laser coupler pro- 

duction to 5 million units a month. up 40% 
compared to 6 months ago. The laser coupler 

integrates a semiconductor laser, a beam split- 

ter and prism, and a photo detector. SONY has 
recently developed a MD (mini disk) record- 
ing/playback laser coupler and will respond to 
the increase in demand for this device. The 
company, which produces 300,000 red semi- 
conductor lasers a month for bar code readers, 
plans to establish a supply system for DVD 
applications as soon as possible. 

Sanyo Electric reports that it has devel- 
oped a multipurpose thin DVD-ROM pick- 
up that can play CD, CD-ROM and CD-R as 
well. The new device, part number SF-HD2R, 
uses a newly-developed wire-suspension actu- 

ator and a glass objective lens to reduce the 
thickness of the pick-up to 8.6mm, 40% slim- 
mer than its predecessor, making it a suitable 
choice for the 17mm-thick DVD-ROM drive 
for notebook computers. It uses a 645nm red 

semiconductor laser to read DVD and a 780nm 
infrared semiconductor laser to read CD, CD- 
ROM and CD-R. The company is currently 
shipping ¥150,000 ($1.316) samples and plans 
to launch volume production in August. 
Forecasts call for producing 50,000 units a 
month in late 1997. 

For more on laser diode development 

in Japan, see page 28 of this issue. 

Other News 

Nichia Expanding 

Nichia Chemical Industries intends 
to concentrate green and blue LED and 
gallium nitride semiconductor production 
at its headquarters plant in Shikoku. The 
company, which began producing CRT 
phosphors at the plant in spring 1995, has 
acquired land adjacent to the plant and 
will build a facility that will manufacture 
phosphors as well as LEDs and gallium 
nitride semiconductors. This move will 
allow the company to expand its produc- 
tion volume for blue and green LEDs, 
which is currently around 10 million units 
per month. Plans also call for completing 
an R&D center at the plant by October. 

Showa Denko to 
Double Compound 
Semiconductor Sales 

Showa Denko says it plans to double 
compound semiconductor sales to ¥20 
billion yen ($172.4 mil) by 2000. This is 
part of a plan which calls for increasing 
information and electronics sector sales, 
which include compound semiconduc- 
tors, ¥140 billion ($1.21 bil) or 26% of 
total sales in the year through December 
2000, up from the current 17%. 

Showa Denko produces compound 
semiconductor materials as well as GaAs, 
GaP and InP LEDs. The company reports 
that demand for its LEDs is rapidly 

increasing for cellular phone, notebook 

computer backlight and various display 
applications. The company spent some 

¥3 billion ($25.9 mil) on the expansion of 

its Chichibu plant in 1996 in an attempt to 
boost output. 



NEWS FROM JAPAN 

Off Year for Japan’s Wafer Makers 
apanese manufacturers of compound semiconductor substrates saw a 

Jslowduwn in their overall business in fiscal 1996, according to the bi- 
annual report of the Japan Manufacturers' Society of Compound 

Semiconductor Materials (JAMS-CS). For the twelve months ended March 
31, 1997, compound semiconductor wafer shipments totaled ¥38,140 million 
($328.8 million), a decrease of 5.2% from fiscal 1996. 

For the three previous year 'S members had reported dou- 
ble-digit increases in shipments. Neverthel this slump did not come as a 
sur| . There were warnings as far back as January 1996 that some sort of 
correction was likely, especially in the LED sector (see CS 2(1). p. 10). LED 
manufacturers account for over 60% of the demand, but their orders dropped 
off by 10% in fiscal 1996 (see Table, below). So despite the fact that other 
areas posted respectable gains (shipments for lasers were up 10%, and ship- 
ments for microelectronic applications were up an impressive 31%). the 
large volume of the LED business was sufficient to make the overall out- 
come disappointing. 

Mr. Hitoshi Inui of Sumitomo Electric, the secretary of JAMS-CS, 
commented, "exports of LEDs to Asia sharply declined because manufac- 
turers in Asia expanded LED production in 1995 and caused a saturation of 
the market." Not surprisingly, the JAMS-CS report shows that of the four 
material categories tracked, shipments of GaP. which is used primarily in 
LED production, suffered the most. GaP shipments were down 14% to 
¥14.632 million ($126.1 million). 

GaAs shipments were roughly even with the previous year at ¥19.920 
million ($171.7 million). JAMS-CS does not offer any sub-categorization 
for GaAs, but given that the statistics for applications show a sharp up-turn 
in shipments for electronic devices, it is obvious that sales of semi-insulat- 
ing GaAs grew while sales of semi-conducting GaAs shrank. According to 
M. Inui, "GaAs shipments increased on the back of the increase in demand 
for electronic devices for mobile communications equipment such as cellu- 
lar phones, which was offset by the decline in GaAs shipments for the 
infrared LED and visible LED markets where price competition is intensify- 
ing. As a result. GaAs shipments. which account for about a half of total 
compound semiconductor shipments, remained fairly flat". He also said 
"production of substrates for electronic devices soared bec: he market 
for mobile communications equipment continued to grow significantly and 
because demand for epi wafers for device makers was on the rise. 

Shipments of InP were also up, totaling ¥2.710 million ($23.4 million): 
an increase of 6% over 1997. And shipments of "other" compound semi- 
conductor substrates, which includes InSb, InAs, GaSb, CdTe, and SiC, rose 
38% to ¥878 million ($7.6 million). 

JAMS-CS predicts that compound semiconductor production will sur- 
pass ¥40 billion ($344.8 million) in fiscal 1997. This would return the busi- 
ness to its 1995 level. The JAMS-CS members report that monthly ship- 
ments have been higher than year-ago levels since the beginning of this year. 

The nine members of the JAMS-CS are: Dowa Mining. Furukawa 
Electric, Hitachi Cable. Japan Energy, Mitsubishi Chemical, Shin-Etsu 
Handotai, Showa Denko, Sumitomo Electric Industries, and Sumitomo 
Metal Mining. 

JAMS-CS Statistics for Fiscal 1996 

GaP 
38% GaAs 
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Others 
6% 

Electronics 
23% 
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Lasers LEDs 
10% 52% 

IR LEDs 
10% Source: JAMS-CS 

The value of shipments made by the members of JAMS-CS 
during FY 1996, segmented according to material type (top 
left) and destination (top right) and application. 
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Total value of the compound semiconductor wafer 
shipments by JAMS-CS for the years 1990-1996, plus 
the forecast for 1997. 

Figures based value of shipments of compound semiconductor materials by Japanese manufacturers 

Value % of Value % of 
Material | ¥M  US$M | Total |Change* | Application ¥M  US$M | Total | Change* 

GaAs 19920 [ 171.7 | 52% -0.3% | Visible LED 19886 | 171.4 | 52% -11% 

GaP 14632 | 126.1 38% -14% IR LED 3830 33.0 | 10% -9% 

InP 2710 234 7% +6% Laser Diode 3629 313 10% +1% 

Other 878 7.6 | 2% +38% | Electronics 8645 74.5 | 23% +31% 8 

Total 38142 | 328.8 | 100% -5% Other 2150 18.5 6% -44% b 

“Change since fiscal year 1995 
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RIDE NEWS/BLUE LASER UPDA 

Blue Laser Update 

¢ First SiC-based laser for Cree 

¢ Nichia promises 100+ hours 

* Sony sticks with ZnSe 

* SHG blue laser from Matsushita 

Double First for Cree Research 

ree Research achieved two "firsts" 
on June 9. when it announced the 
successful (pulsed) operation of a 

room temperature blue laser diode. This 
was the first announcement of a blue laser 
from a company outside of Japan and, more 

significantly, it was also the first laser to be 
fabricated on a SiC substrate. 

The successful diode was grown on 
6H-SiC at Cree using MOCVD. The struc- 
ture, which is shown in Figure One, i 
multi-quantum well (MQW) separate con- 

finement heterostructure (SCH) consisting 
of an 8-well Ing,GagN/GaN MQW 

region, with Al ,Ga,oN  waveguide 

regions and Al ;:Gag /N cladding layers. 
The devices were fabricated into index- 
guided structures, with bars being formed 

by facet cleaving with a cavity length of 

500 micron. 

The device was operated in pulsed 

mode at room temperature with a duty 

cycle of 0.1%. Preliminary measurements 

indicate a threshold (I;) of 1.2 A at 42V, 
which corresponds to a current density of 

48 kA/em? for a 5 micron wide stripe 
Laser emission occurred at 403 nm with a 
mode FWHM of 0.8 A. 

Cree co-founder and scientist in 
charge of the development program, John 

Edmond remar "This is a milestone 
toward achieving a commercially viable 

laser, but we still have a lot of develop- 

ment work ahead of us. This is similar to 
the development cycle we went through 
for our blue LED. The next step is to 

improve device performance and process 
repeatability.” 
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Dr. Jan Schetzina, professor of physics 
at North Carolina State University discov- 

ered the initial laser operation. Dr. Arto 
Nurmikko, professor of physics at Brown 

University, also observed blue laser opera- 
tion from sample devices received from 

Cree. 
Cree is now the fourth organization to 

report the successful fabrication of a GaN 

semiconductor laser. The first break- 
through was made by Nichia Chemical, 

which announced a pulsed laser in 
December 1995, and a CW laser last 
November. Nichia was followed by Meijo 
University and Toshiba - neither of which 
have yet announced a room-temperature 
laser. 

With the exception of Cree. all of the 

major blue laser announcements to-date 

have been based on GaN/InGaN grown on 
sapphire (although Nichia has been known 

to dabble in spinel (MgALL(,) - see CS 2(3), 
p. 22). Cree. which is a leading supplier of 
SiC substrates, has a vested interest in pro- 
moting an alternative. They hope to even- 

tually demonstrate superior laser perfor- 

mance due to SiC's closer lattice match 
with GaN (3%) and better thermal conduc- 
tivity, which is 10 times greater than that of 

sapphire. Cree also hopes that the use of 

SiC will result in higher-quality cleaved 

facets. In addition. the use of the semicon- 
ducting SiC substrate allows vertical struc- 

tures with top and bottom contacts, similar 

to all other laser diodes currently in pro- 
duction. In contrast, the use of sapphire, 
which is an insulator, requires lateral device 
designs, which may complicate processing. 

Edge emission from Cree’s cleaved-facet InGaN/GaN MQW 
index guide laser diode grown or SiC. 

Cree's GaN-on-SiC Laser 

Contact Layer 

Alp.13Ga0.g7N: Mg |— Cladding Layer 

Alo.06GaoesN |— Waveguide 

=—— gty 
Alg g6Gag aaN — Waveguide 

Alg 12Ga,0g7NISI — Cladding Layer 

I — Buffer 

{— Substrate 

Figure One. Epitaxial structure of the SiC laser. 
The active layer is an 8-well In,,Ga,N/GaN 
MOQW structure. 



NITRIDE NEWS/BLUE LASER UPDATE 

Nichia Closing in on 
100+ Hours of Operation 

Nlchiu Chemical reported their first pulsed GaN laser over 18 

months ago, and announced their first CW laser last November. 
So where are they now? 

Shuji Nakamura, who heads the R&D effort at Nichia, says he is 

planning to present a paper at the International Conference on Nitride 

Semiconductors (ICNS'97, Tokushima, Japan, October 27-31) which 

will include a demonstration of the longest lifetime ever reported for 

either II-VI or II-V-nitride laser diodes. This means that Nichia is 
either close to or has already achieved at least 100 hours of room tem- 

perature CW operation 
In his most recent presentation, at the European MRS Meeting 

held in Stasbourg, France on June 16-20, Nakamura reported the cur- 
rent status of the Nichia’s blue laser development efforts. Room tem- 

perature CW operation of InGaN MQW structures was achieved with 
a threshold current of 25 mA, a threshold voltage of 5.8 V, and output 
power of 30 mW, and an operating temperature up to 100°C. Lifetimes 

were around 35 hours. 

Nichia reports that it still has a 

blue lasers sometime next year. 

al to begin commercialization of 

Nakamura is very much in 
demand as a speaker, and he seems 
to put in an appearance at virtually 

every nitride-related conference. 

But somehow, in the midst of all 
that travel and his regular duties in 
keeping the Nichia research pro- 
gram going, he has found time to 
write a book. Co-authored with 
Gerhard Fasol of Eurotechnology 
Japan K.K., The Blue Laser Diode: 

GaN Based Light Emitters and 

Lasers, is now available from 

Springer-Verlag. With 246 figures 
and 49 tables. it provides a detailed 
discussion of the current state of 
understanding of nitride-based 

light emitters, as well as some interesting data on the history of the 

Nichia nitride development program. 

GallBased 
Light Emite 
and Lasers 
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NITRIDE NEWS/BLUE LASER UPDATE 

Sony Sticks with ZnSe 

Is the first blue laser still the best? 

Sony is designing a new optical data 

storage system around a I1-VI laser. 

the Group III nitrides, many people have 
forgotten about II-VI lasers. This despite 

the fact that ZnSe was the material of choice 
for much of the early work in shortwavelength 
lasers. 

The first blue-green laser (490 nm) ever 
reported was fabricated from ZnSe by 
Michael Haase and coworkers at 3M in 1991. 
Their original diode operated only under 

pulsed conditions at temperatures of 77 K, but 

by 1993 they had demonstrated CW operation 

at room temperature. Then in February 1996, 
Sony announced that they had achieved 101.5 

hours of room temperature CW operation 

from a ZnMgSSe/ZnCdSe laser diode with a 
wavelength of 515 nm. This is still the record 

for all shortwavelength laser diodes. 
But the amount of work being done 

today in II-VI's pales in u\mpdnson to huge 

volume of resources into GaN. 
Nevertheless, a few groups are continuing to 

address the problems that have slowed ZnSe's 
development. ("Slow” here meaning in com- 

parison to the rapid rate of progress in the 

In the excitement over the rapid progress in nitrides. For example: after the report of the 
first ZnSe laser, it took approximately 5 years 
to achieve 100+ hours of room temperature 

CW operation. Nichia's Shuji Nakamura 
hopes to do the same in less than 2 years with 

a InGaN laser- see previous page.) 

The major problem with II-VI lasers is 

device degradation due to defects and disloca- 

tions in the material. These defects result 
from lattice mismatch in the heteroepitaxial 
layers, and they can rapidly propagate into the 

active layer because of the weak bond 

strength that is characteristic of the ZnSe 

materials system. Great strides have been 

made in reducing the number of defects that 

are grown into the material during epitaxy. 
Reports of defect densities in the 10* or 10° 
cm? range are now common, whereas they 

were originally as high as 10°. But the prob- 

lem of the weak bond strength remains. As 
we reported in a previous issue (see CS 3(2) p. 

28), it may be necessary to implement new II- 

VI materials, such as BeSe, which have high- 

er cohesive energies than ZnSe. 
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Figure One. (a) L-I characteristic of coated laser diode at room temperature; (b) L-I charac- 
teristics of coated laser diode as a function of temperature. 
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Sony's New System 

But despite these problems, Sony is not 
giving up on II-VI's. Proof comes in the form 
of a recent announcement by the company that 

it has invented a new technology for high- 

capacity optical discs with recording and play- 
back capability. The system, which is still in 
the development stage. is designed around a 

515nm ZnSe laser. Sony reports that the sys- 
tem has demonstrated a storage capacity of 12 

gigabytes (GB) for a single side of a CD-sized 
disc (12 cm). Thus each side of the disk could 
store approximately 5 hours of DVD-quality 
(at a bit rate of 4 Mbps) or 80 minutes of 
HDTV-quality video (at about 18 Mbps). The 
company hopes that the system may be the 
basis of new home recording appliances that 
could replace the VCR in the era of digital 
television. 

One of the keys for the demonstration of 

the new system was increasing the power out- 

put of the 515 nm ZnSe laser. Sony's first long 

lifetime ZnSe laser provided just 1 mW of out- 
put; subsequent progress has provided diodes 
with 20 mW of output for these demonstra- 
tions. And further progress is being made. 

According to Dr. Akira Ishibashi, who leads 
Sony's Blue Laser Diode Project. one of the 
critical steps for achieving high power opera- 

tion is to reduce loss from the rear facet. The 
cleaved facets are asymmetrically coated: the 
rear facet being prepared with high-reflectivi- 
ty coating using dielectric stacks, while single- 

layer antireflection coating is employed at the 

front facet to reduce the reflectivity to 1%. 

Figure One(a) shows L-I characteristics at 

room temperature for such a chip. The maxi- 
mum output power reached 87 mW. The slope 
efficiency below 60 mW was about 1.91 W/A, 

corresponding to an external differential quan- 

tum efficiency of 80%. Temperature depen- 

dence of the CW L-I curve is shown in Figure 

One(b). The laser generates 30 mW light out- 
put even at 60°C with a slight increase of the 
slope efficiency 

cont't on page 18
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NITRIDE NEWS/BLUE LASER UPDATE 

Of course, the next challenge will be to 
increase the lifetime of the laser. Everyone 
seems quite confident that GaN lasers will be 
commercially viable within the next few 
years, but few would say the same for II-VI 
lasers. But that doesn't phase Ishibashi. He 

says that Sony hopes to “make the II-VI laser 
practical within this century”. He also said, 

cording to what has officially reported so 
far, the best (low-power) ZnSe-based laser 

lived for 101 hours, while the best (low- 
power) GaN-based laser lived for 37 hours. At 

ZnCdSe active layers with ZnMgSSe 
cladding layers and ZnSSe guiding layers. By 
varying the Cd content in the well (20-40%) 
and the well width (3-6 nm), the lasing wave- 
length of such a structure can by varied from 
505 to 520 nm within the critical thickness. 
Other II-VI structures can produce wave- 

lengths as short as 460 nm, although there is 
not much data on their reliability. But for a 
GaN laser, the range of possible wavelengths 
is approximately 380-440 nm, which leads 

directly to greater storage capacity. So while 

they work to extend the lifetimes of their 
ZnSe lasers, Sony is also investigating what 

their new system might be able to do if a 410 
nm GaN laser was used in place of the 515 nm 
ZnSe laser. See Table below. 

And for the supposed competition 

between ZnSe and GaN, Ishibashi says, "We 
believe that technological progress for both 
materials systems is inevitable. Because 
ZnSe is further developed at this stage, for the 

time being we will proceed with development 
using ZnSe." 

the current time, (high-power) ZnSe-based 

laser is proven to be able to be used for 12 GB Storage Capacity 

]rewrigahle opticaltdisiciwhiletal GaN-based System Laser Per square inch Per 12 cm disc (single side) aser is not. Saki = 
Optical storage is a huge market, which CD mo(ir’r%rr,agd 750 Mbits 680 Moytes 

means that the stakes are high for Sony. fleeis — 
Therefore, it is not surprising that, despite DVD 650 or 635 nm AlGainP 3.2 Ghits 4.7 Gbytes 
their optimism about the II-VI laser's (red) s 
prospects. Sony is simultaneously researching New Sony System 515 nm ZnSe. 9.5 Gbits 12 Gbytes 
nitride materials. Ishibashi reports that they (blue-green) 

have not yet achieved lasing emission. New Sony System 410 nm GaN 14.25 Gbits* 18 Gbytes* 
Issues of lifetime and output aside, one (blue) 

clear advantage of the GaN system is that it 
can produce shorter wavelengths than ZnSe. 
Sony's current approach to 1I-VI lasers uses Sony’s new system. 

Matsushita 15 mW SHG Blue Laser 

ot everyone is waiting around for a fully functioning blue laser 

Ndiude. In June Matsushita Electric announced that it has devel- 
oped a technique to record 15 GB of data on a single side of a 

phase-change optical disk (PD). This is enough capacity to record two 

hours of high-definition video pictures. 

The technique uses a 425nm optical waveguide-type SHG (second 

harmonic generation) blue laser. The SHG laser, developed at 

Matsushita using a 100 mW 850 nm tunable DBR laser diode supplied 
by SDL, provides up to 15mW of output power, which is believed to be 
a record for this type of laser. The 10.0x0.5x0.5mm SHG device uses 
a lithium niobate waveguide doped with magnesium oxide. 

The IR laser. which SDL developed specifically for this applica- 
tion, includes integrated control and feedback mechanisms linked to a 
photodetector which monitors the blue light output. This arrangement 
allows wavelength tuning and locking, and direct modulation of the 
blue light. 

Product or Stop-Gap? 

We asked the Matsushita development team about the future 
prospects of SHG lasers. With work progressing on direct diodes, it 
seems logical to question whether a SHG laser can be competitive in the 
long run. 

The Matsushita team seams to think that it can. Speaking on their 
behalf, Deborah Lamascus, a PR officer with Matsushita, reported: 

"We are now investigating the SHG blue laser because we can 
think it is competitive with the GaN blue laser. Performance regarding 
noise, optical feedback insensitivity, and beam quality will be the fac- 
tors that make the SHG blue laser superior to the direct laser, even 
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*Theoretical data - this system has not been demonstrated 
Comparison of two commerically available optical data storage systems with two versions of 

though the latter could attain long life and high reliability in time." 
"We started work on SHG waveguide around 1986, when it was 

believed that no direct blue laser could be applied to optical disks. In 
1991 we started a project on the SHG blue laser based on quasi-phase- 
matching waveguide and laser diode. We recognized that it would take 
over ten years after successful continuous wave oscillation of direct 
laser at room temperature before it could be installed on an optical head 
of a practical optical disk drive. No one knows when GaN could be 
applied to rewritable optical heads" 

The company says it plans to commercialize the technique in the 
early 2000's. 

In an unrelated announcement, Toshiba also recently demonstrat- 
ed an advanced DVD System based on a SHG blue laser. For more on 
that, see page 30. 

SHG waveguide 
(MgO: LiNbO3) 

SHG blue light 
(wavelength: 425 nm) 

Photo detector 
Waveguide 

Schematic diagram of Matsushita's newly developed SHG blue laser.
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IBM Plans to Challenge GaAs 

A SiGe product line scheduled for next year is key 
to Big Blue's strategy for establishing a presence 
in the market for communications semiconductor. 

BM Microelectronics is gearing up for a new campaign to promote 
I s SiGe technology as a commercially viable process. In doing so, 

plans to challenge GaAs IC makers in virtually every high volume 

application. IBM is hoping that its unique ability to manufacture SiGe- 
based bipolar and BiCMOS circuits in large volumes will enable it to 
establish greater credibility as a supplier of semiconductors for commu- 

nications systems - a red-hot market which Big Blue has largely missed 

out on. 

The First Customers 

On June 19 IBM announced that it had signed an agreement with 

Nortel for the development of SiGe ICs for high-speed telecommun 
tions and wireless applications. Nortel will design prototype microchips 
and IBM will manufacture the devices. 

"SiGe-based devices can move information across a network at 
speeds traditionally considered to be beyond the reach of silicon tech- 

nology," said Robert Hadaway, director, technology access and applica- 

tions, Nortel. "Nortel's prototype microchips will be used in fiber trans- 

port products as well as for several high-speed cellular and personal 
communications services' (PCS) wireless applications. Our objective is 
to work towards developing advanced devices at commodity-level 
costs." 

Nortel is said to be designing the new chips already. Early proto- 
types will reportedly be manufactured and validated later this year. 

IBM considers Nortel to be their second customer for its SiGe 
process. In May of 1996, they announced a collaborative effort with 

Hughes Electronics to prototype devices for potential applications in 

several Hughes divisions, including Network Systems, Aircraft, 
Telecommunications & Space, and Delco Electronics. (See CS 2(4). p. 

19.) According to Ron Finnila of Hughes, that work is continuing, and 

he says that Hughes' interest "remains high". The SiGe circuits under 

consideration are still in the prototype stage, and at this point there is no 

public forecast for when production will start. Finnila reports that an 

automotive collision avoidance system is one of several applications 

that are being investigated. 

What about Analog Device 

The Hughes and Nortel announcements are, in reality, the second 
introduction of IBM's SiGe plans. The first came in 1993 when IBM 

announced an agreement with Analog Devices to commercialize RF and 

mixed-signal SiGe circuits for wireless communications. There were 
also plans for high-speed SiGe circuits such as a 1 GHz digital-analog 

converter for multi-media telecom and datacom markets such as 

ATM/SONET and digital CATV. However, both parties to the deal 

apparently got cold feet, and the agreement was terminated before any 

chips were produced. There is no current active relationship between 

the two companies. 

According to Ron Soicher, vice president of analog and mixed sig- 

nal development for IBM Microelectronics, the Analog Devices agree- 

ment was "a little bit ahead of its time". In the two years since then IBM 

has increased it commitment to the SiGe process, raised its funding lev- 

els, and improved its marketing savy for communications semiconduc- 
tors. He reports that IBM is "committed to building a business" on its 
SiGe process. As a result, IBM is putting in place a volume manufac- 

turing capability for next year, and more announcements about deals 

with other electronics companies are planned for the very near future. 

cont't on page 20 
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tandard high volume ion-implant BICMOS process is tar- 

geted at a maximum frequency of 18 - 20 GHz. The SiGe technology 
is being developed in bipolar-only and BiCMOS iterations, both with 

an f,,,, of around 50 GHz. According to Bernie Meyerson, who has led 

the IBM SiGe development program, at above 10GHz IBM employs a 
polyimide based backend process to lift transmission lines and passives 
well off the substrate to eliminate coupling and associated losses. 

Soicher says that whereas IBM might be legendary for indulging 

in some pretty exotic bipolars, in the present case they have reduced the 
complexity because the potential applications don't require it. In the 

case of SiGe BICMOS, he says, "we are trying to build a process pro- 

file that is very cost competitive and close to a standard BiCMOS, but 

is also ‘super-charged' through the use of epi and the addition of the Ge 
in the base, as well as the implementation of deep trench isolation." 

IBM's target markets include virtually all of the high volume 
applications where GaAs is currently thriving, with the possible excep- 

tion of 900 MHz analog phones. For applications above 1.5 GHz, 
Soicher says, the high frequency and noise attributes give SiGe "com- 

pelling advantages over BICMOS and GaAs in terms of cost, power 
dissipation and other features." Therefore, he says, "we want to go 

after the high volume GaAs sockets in digital cellular, GPS receivers, 
and high performance wireless LANs at 2.4 GHz and 5.2 GHz." Other 

possible applications mentioned include direct broadcast satellite 

(DBS) receivers at 11-12 GHz: global positioning satellite (GPS) 
receivers at 1.6 GHz: TV set-top box tuners at 1.2 GHz and above; col- 
lision avoidance radar at 24 GHz, as well as high-speed data commu- 
nications circuits for standards such as SONET and ATM. 

"I don't want this to be viewed as a technical curiosity, but as a 

commercial and highly manufacturable process” Soicher says. "That is 
why we have waited until we were well into our qualification process- 

es before making announcements.” He reports that the bipolar version 

is already qualified, and that IBM is in the process of qualifying the 
BiCMOS version. Both are run on the same high volume 8" lines are 
also used for IBM's standard BiICMOS and CMOS. 

Can IBM Cut It In Communications? 

IBM's historical strengths in semiconductors lie in the computing 

area. They are not known as a leader in the communications sector. 
Soicher says it will be necessary for them to earn some credibility in the 

field, perhaps by implementing SiGe designs into IBM products in the 
networking and communications field, as well as continuing to work 

with outside customers such as Hughes and Nortel. To that end, IBM 

plans to introduce its own line-up of merchant and captive SiGe 
BiCMOS circuits next year. The first captive application may be for 

5.2 GHz wireless LANs which will be offered by another IBM division. 
SiGe technology appears to be an important component of [BM's 

strategy for establishing a presence in the communications area. They 

hope that SiGe will give them an exclusive niche that will help to make 
up for their late entry into this sector. But it might be dangerous to have 

atoo exclusive position, because buyers will likely be reluctant to make 

volume commitments to a new technology without having a qualified 
second source. Therefore IBM is encouraged to see that other compa- 
nies are also pursuing their own SiGe R&D programs. "All of the 
major semiconductor companies that are active in communications 
today have SiGe projects, in varying levels of maturity" says Soicher. 
"We think that you will see, over the next 2-3 years, a lot of these com- 
panies getting into the market." 
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Raytheon/TI Deal to Proceed, 
But With Sale of GaAs Unit 

n July 3 the U.S. Justice Department approved Raytheon's plan to 
Oacquire Texas Instruments’ Defense Systems & Electronics Group 

(DS&EG). However Raytheon will be required to sell the DS&EG's 
microwave IC division, which manufactures GaAs MMICs. Approval 

by a Federal Court in Washington DC is now required for the transac- 
tion to proceed. 

The acquisition, which is valued at $2.95 billion, has been under 
review for the past six months as the Justice Department considered 

whether it would give Raytheon a monopoly on GaAs MMIC technolo- 

gy for aircraft radar. Allegations to this effect were made by rival mis- 
sile producers Lockheed Martin and Northrop Grumman and others 

when the acquisition plan was first announced in January (see CS 3(2). 
.22.) 

’ The DS&EG microwave IC division had revenue of about $40 mil- 
lion in 1996. How is it that such a small unit can hold up a $3 billion 

transaction?  According to Joel Klein of the Justice Department's 

antitrust unit, TI's GaAs technology is critical to three contracts, worth 

as much at $10 billion, for advanced missile targeting radar systems that 

are likely to be awarded by the Pentagon in the next five years. 
Lockheed and Northrop told the government they were concerned about 

maintaining access to TI's GaAs MMICs if Raytheon's acquisition plan 

was allowed to go forward in its original form. Raytheon, which had 

fought for a less-restrictive agreement allowing it to license the tech- 

nology to competitors, agreed to sell the TI GaAs operation instead 

when the Justice Department threatened to block the entire acquisition. 

Under the terms of the settlement, Raytheon is required to sell the 

Dallas-based TI GaAs business within 180 days. The buyer must have 

both the capability and the intent to continue to develop, make and sell 
MMICs that meet Defense Department requirements. 

Next up for Raytheon is another blockbuster deal: a $9 billion 

acquisition of the Hughes Electronics defense operations from General 
Motors. The principals are eager for completion in the third quarter of 

this year, but that may be optimistic, as this transaction is currently the 

objective of an even more intensive Justice Department probe of possi- 
ble anti-competitive issues. 

Low Cost Quaternary 
LEDs from HP 

Hewleu»Packard will soon begin offering AllnGaP LEDs priced 

at just 10 cents each in quantities of 1 million units. A com- 
pany spokesperson said that HP's volume manufacturing capabili- 
ties, coupled with its leading packaging and materials technology, 
enabled the company to realize this price breakthrough, HP. 
believes that this new pricing structure will give their customers the 
opportunity to use LEDs in new applications such as solar-powered 
security lighting, bicycle safety, panel illumination, and upscale 
toys. 

The LEDs will be available in red (626 nm), red-orange (615 
nm) and amber (590 nm), and will be housed in Smm or 3mm pack- 
ages. Maximum luminous intensity (I = 20 mA) will range from 
650 med for red, 900 med for red-orange, and up to 1100 for amber. 
Samples are expected to be available from HP distributors in July. 
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SDL, Spectra-Physics Settle Lawsuit 

SDL and Spectra-Physics reached an out-of-court settlement of 

all of their outstanding litigation on May 21, ending a two year 

intellectual property dispute. 
When SDL was formed in 1983, it entered into a technology 

agreement with its former parent companies, Xerox and Spectra- 

Physics. Among the features of that agreement was a grant by SDL 

to Spectra-Physics of a non-exclusive license to certain patented 
and non-patented technology developed by SDL. On March 20, 

1995, Spectra-Physics initiated a lawsuit in California Superior 

Court, alleging that SDL was not complying with that agreement, 
and asking for the transfer to Spectra-Physics all the technology 

developed by SDL between 1983 and 1993. Spectra-Physics' sub- 

sidiary Opto Power Corporation, a competitor of SDL's in the high 
power laser field, was also a plaintiff in the suit. 

Under the terms of the settlement, SDL will pay $15 million to 
Spectra-Physics to cover legal fees and expenses. Spectra-Physics 

retains the license granted under the 1983 technology agreement, 
but will not receive any of the additional technology that was in dis- 

pute. On the basis of this fact SDL declared their a victory of sorts 

in the settlement, even though the combination of the payment to 
Spectra-Physics and their own legal fees forced them to take a $28 
million charge against second quarter earnings. 

SLI Contracts & Bids 

Semiconductor Laser International Corp. (SLI) announced on June 

19 that it has received a contract with the Defense Special Weapons 
Agency (DSWA) of the U.S. Department of Defense. SLI will conduct 
research on high power visible semiconductor diode lasers for explorato- 
ry development of laser-supported denial/delay technology. This technol- 
ogy will support the agency's physical security missions. 

Phase I of the contract calls for an initial one year duration with Phase 

11 calling for an additional six months. Projected revenue to SLI from 
Phase [ is approximately $350,000. 

Dr. Geoffrey T. Burnham, president and chief executive officer of 
SLI, said, "This is a significant opportunity for SLI and it will add to SLI's 
ongoing efforts in the developmem of high power single mode red lasers 

that have applications to the optical storage DVD mzukel. This market is 
estimated to grow from $10 million in 1997 to over $4 billion by 2001." 

In an unrelated announcement, at the company's annual meeting on 

June 20 SLI announced that it was submitting bids for DVD lasers to three 

major companies. Burnham said he was pleased with interest shown by 
the companies. "We hope to get substantial business in this area," he said. 

Among other remarks to shareholders at the meeting, Burnham 
reported that the company's production is fully on line at its 15,000 sq. ft. 
facility in Binghamton, N, and that SLI has an order backlog of about 

$1.8 million. 

Contracts for Spire 
Spire has announced the receipt of two new development contracts. 

The first is from the Wright Laboratory Armament Directorate to devel- 

op sensitive, high speed. extended InGaAs avalanche photodiodes 

(APDs) for use at wavelengths up to 2.3 microns. The program will 

adapt Spire's commercial InGaAs power converter technology and is 

expected to result in working APD prototypes. According to Steven 
Wojtczuk, Staff Scientist, the long wavelength response of the devices 

will be extended past that of common 0.75 eV lattice-matched InGaAs 
by the use of an InGaAs grading layer that will permit both the absorp- 
unn and multiplication/junction 

s to utilize lower bandgap 

film transistor pixellated arrays for readout. 
Development will take place in three phases. In Phase I, Spire will 

demonstrate CdZnTe thin film detectors by fabricating and testing a pas- 

sive matrix detector structure deposited on glass or Si substrates. In 
Phase II, the feasibility of integrating CdZnTe detectors with readout 
circuitry will be demonstrated by fabricating detectors on a Si multi- 
plexer. And in Phase III, the company will monolithically integrate 

CdZnSe with CdSe TFTs and perform imaging experiments. 
The contract is scheduled to last four years. 

(0.55 eV) InGaAs. 
The second new contract, from 

the U.S. Army Medical Research 

Command, is for the development of 
thin film CdZnTe detectors for digi- 

tal mammography. According to 
Rengarajan Sudharsanan, the man- 

ager for the project, CdZnTe offers 

direct detection, high signal-to-noise 
ratios, and a wide dynamic range in 

comparison with conventional tech- 
nology. Spire says that the planned 

large-area, self-scanned flat panel X- 
ray detectors that are the goal of this 

project will be more efficient than 
scintillator-based X-ray detector sys- 
tems. 

Spire plans to employ a contin- 
uous photoconductive CdZnTe layer 

as adirect converter of X-ray to elec- 

trons, and to integrate detectors with 

Array 

— 

Sp
ir

e 

large-area, active-matrix CdSe thin 
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Spire’s approach to implementing CdZnTe flat-panel detector arrays for digital mammography.



NEWS BRIEFS 

International Semiconductor 
Shuts Down Operations 

n May 27 International Semiconductor Corporation [Santa Monica, 
CA] announced that it was shutting down its subsidiary, GAD 

Semiconductors. GAD, located in the Migdal H'amek industrial park in 
Israel, has been attempting for the past three years to cost effectively man- 
ufacture GaAs diodes. (See CS 2(4), p. 12.) ISSM said that despite the fact 
that GAD had perfected the technological process for producing the diodes, 
delays in the receipt of orders meant that the company could no longer meet 
its overhead requirements. 

ISSM reports that it is now negotiating with a "well-financed electron- 
ics manufacturer in the United States” to produce products using ISC's tech- 
nology. ISC Robert Terry stressed that company is not filing for bankrupt- 
cy, that it is debt-free, and that it is still a going concern. He also told 
investors that if the current round of negotiations should fall through, “there 
are 3 other companies that are interested in talking with ISSM.™ 

ISSM is traded as an over-the-counter stock in the U.S., and is one of 
the 17 companies tracked in the Compound Semiconductor Portfolio 
(see CS 3(2), p.46) 

Title III InP Awards 

he U.S. Air Force, through Wri, aboratory at Wright-Patterson AFB, 
has awarded contracts to American Xtal Technology (AXT) and M/A- 

COM for the development of InP. The awards were made under Title I1I of 
the Defense Production Act. The purpose of the contracts, which have a 
total value of $7.9 million but are based upon cost sharing contributions 
from the companies, is to improve the availability of high-quality, large sur- 
face area semi-insulating InP substrates. The primary focus will be on pro- 
ducing less expensive 3" InP wafers of more consistent quality, but the pro- 
eram will also look ahead to the production of 4" InP wafer. 

Title 11T allows the U.S. government to offer appropriate incentives to 
develop and expand the production capacities of domestic sources for criti- 
cal components and resources essential for the execution of the national 
security strategy. It was previously used to improve the domestic supply of 
semi-insulating GaAs wafers, although the funds which have been made 
available for the InP program are considerably less 

The contracts are scheduled to run for 30 months. 

ht 

Cree Claims Major Reduction 
in Micropipe Densities 

In late May Cree Research announced what it describes as "tremendous 
progress” in its efforts to reduce micropipe defect densities in its SiC 

material. The company expects this development to expand the applications 
for SiC, and to improve device performance in existing applications. 

The new low-defect wafers, with a maximum of 30 micropipes/cm?, 
are being offered as a top-of-the-line product. They are said to represent a 
40% reduction in defects. In addition, Cree will also offer two other grades 
- a select grade, which will have a range of 31 to 100 micropipes/cm?, and 
a standard grade. which will have a range of 101 to 200 micropipes/cm?. 
The latter represents a 50% reduction in micropipe defect densities for this 
category of material. 

Rhone-Poulenc Closes Aussie Ga Plant 

In carly May Rhone-Poulenc announced it was suspending its gallium 
extraction activities at its Pinjarra facility in Western Australia. The move 

was attributed to a slow-down in the growth of demand for gallium, espe- 

cially in Japan. Rhone-Poulenc says that it can meet the forecasted demand 
"for several s to come" from its current stockpiles and production in 
France and Germany. The plant closure was described as a "mothballing", 
which would allow a quick recomissioning when the situation warrants it. 

LEDs on Tour 

hat does the well-equipped rock-n-roll band take on tour 
with them? In the case of the hugely popular Irish rock 

group U2, the equipment list includes a million LEDs. 
The band is currently touring the U.S. with its "PopMart" 

extravaganza, and the centerpiece of the stage is the world's 
largest display screen. Manufactured by SACO Controls Inc. of 
Montreal, Canada, trapezoidal display measures 170 by 56 feet at 
its widest part. Over one million LEDs are used to form 150,000 
red-green-blue (RGB) pixels. The screen is used during the con- 
certs to display live video of the band as well as computer-gener- 
ated abstract images and animated art by Keith Haring and Roy 
Lichtenstein. At the end of the show the screen folds up like an 
accordion, and fits in two semi-trailers. 

SACO built the screen. at a reported price of $6 million, 
specifically for the PopMart show. The company's normal line of 
work includes producir D displays for more routine applic: 
tions such as industrial process control, power plants and power 
networks, mass transit systems and H.V.A.C. systems. 

According to Fed Jalbout of SACO, one of the biggest chal- 
lenges in meeting the specifications for the U2 show was devel- 
oping the special software needed to provide real time full 
motion video on such a scale. The screens can refresh at a rate of 
60 frames per second. In addition, the display had to be designed 
to provide an extremely wide viewing angle - in excess of 170 
degrees. 

Jalbout says his company used red LEDs from Sharp and 
blue and green LEDs from Nichia. 

The centerpiece of U2’s Popmart Tour: a 170 x 56 foot LED 
screen, the largest of its kind in the world. 

OSA Fellows Announced 

On May 28 the Optical Society of America announced the 
names of members who had been award the rank of 

Fellow in 1997. Compound semiconductor specialists in the 
group included Connie Chang_Hasnain of U Berkeley, Weng 
W. Chow of Sandia, Shun Lien Chuang of the Univ. of Illinois, 
Gordon W. Day of NIST, Paul Lee Gourley of Sandia, Robert J 
Lang of SDL, David D. Nolte of Purdue, Tadasi Sueta of 
Setsunan University (Japan), and Thomas H. Wood of Bell Labs. 
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Semiconductor Laser 
and LED 
Manufacturing in Europe 

BRIDGET MARX 

tis no secret that Europe runs a distant third behind Japan and North 

America in the compound semiconductor industry. For example, in 

the last issue of this magazine it was pointed out that European com- 

panies account for only 7% of GaAs IC shipments (CS 3(3), p. 28). But 

when it comes to lasers, European manufacturers are in a much better 

position, and in fact Strategies Unlimited estimates that they are not too 
far distant from their North American competitors - see Figure One. 

European manufacturers appear to ready, willing and able to con- 

tinue to compete in the global market. There is an excellent technology 

base in Europe for this kind of work, substantial numbers of potential 

employees with advanced educational credentials, and firm funding 

commitments from the EU and national governments. At the same time, 

the European laser diode industry is attracting outside investment. At 

least five North American companies have established a presence in 

Europe through acquisition.” While in some circles this might seem 

injurious to national pride, in others it is a cause for optimism. 

There are several laser suppliers in many countries across Europe. 

This article tries to take a snap shot of the state of art of commercially 

produced diode lasers and specialist LED products from Europe 

Visible Light Sources 

In the diode laser area, it appears that only Philips Optoelectronics 

are producing visible lasers in Europe. The company produces a 5 mW 
635 nm chip for scanning \m‘]uat.mh and a range of AlGalnP lasers at 

675 nm with a maximum output power of 30 mW for printin 

ning applications. They also produce a near infrared laser 
with 40 mW output for data storage and printing 

There is more European activity in visible LEDs, especially wit 

gard to development efforts in the area of Ulra Hi 
(UHB) LEDs and nitride 

A major research nvest 
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Figure One. Europe's major laser manufacturers, and the geograph- 
ic distribution of world-wide laser production in 1996. 

Europe, including Thomson-CSF (as manufacturers of electronic com- 
ponents), Philips (as manufacturers of laser diodes). AIXTRON, 
Epichem, and several research groups. During the three and a half years 

that the programme will run it is expected to develop both LEDs and 

lasers, and optimize prototypes for the market place. 

Specific aims of the project include demonstrating UHB-LEDs 

emitting in the range 400 nm to 590 nm with luminous intensity of 4 cd 
and laser diode samples operating at a wavelength of around 400 nm 

with CW output power of 5 mW at room temperature. The project will 
also develop a device processing technology for GaAlInN based alloys, 

applicable to both multicoloured UHB-LEDs and blue laser diodes. 

New MOVPE processes and group I and nitr 

expected. 

In a different project, Siemens and the Fraunhofer Institute for 
Applied Solid State Physics (Freiburg, Germany) are teaming up to pro- 

duce white LEDs. Volume pmdmunn is expected next year. The LED, 

which was developed at 

the Fraunhofer, is based 
on a blue GaN/SiC chip 

coated with a layer of 

epoxy material contain- 

fluorescent dye. 

ht from the chip 

en precursors are also 

ing a 
Blue 1 
produces yellow emis- 

sion from the dye. 

Adding extra layers of 
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Figure Two. A white light "LUCOLED" 
LED produced by Siemens as a result of 

rer Cree . Q € color conversion techniques developed at 
“*(‘“* & the Fraunhofer IAF. Siemens is expect- 
of blue ed to launch volume production some- 

time next year.



Growing For You: 
IN QUALITY; CAPACITY; AND SERVICE 

At Airtron, we don’t make 
slogans. We make promises. 
So when we say Litton Airtron 

gallium arsenide is Growing 
for You, we mean it.. 

.. In Capacity 
We've substantially increased 
the number of pullers, doubled 

the number of polishers, and 
expanded our packaging 
operation. 

.. In Service 
With our increased produc- 
tion capabilities and the 
addition of state-of-the-art 
inspection and characteriza- 

... In Quality 
Our quality system in Morris 
Plains is now certified ISO 
9002. And we've just added 
a new Class 10 clean room to 

insure our wafers' integrity. 

Litton Airtron 

Electronics Materials Group 
900 East Hanover Avenue - 
Moris Plains, New Jersey 07950 4 
9201-539-5500 
Fax 901-539-9910 
-Mail: Webmaster@aitron.com 

tion equipment, our response 

time has been sharply re- 
duced. We can easily handle 

all of your special requests. 

We're the largest supplier 
of Sl GaAs in the world for the 
second year in a row. And 

we're the only GaAs manufac- 
turer that can supply produc- 
tion quantities of large 6" 
(150 mm) wafers. 

So whatever your gallium 

arsenide needs may be, count 

on Litton Airtron to deliver. 
Because no matter how big 

we get, we'll always be 

Growing for You. 

rwoda Building 
\Ym)Campam Japan
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High Power Diode Lasers 

Around the globe, high power laser diodes are one of the fastest 
growing segments of the laser market, prompted by significant increas- 
es in reliability and decreases in price. The growth over the past year 
was around 25%, and similar results should be recorded this year, 
bringing sales of well over $100 million. 

There are several European suppliers of high power (10 mW and 
up) diode lasers. Siemens is the largest, but there are several other sub- 
stantial efforts as well, including Thomson-CSF, Nortel, Uniphase 
Laser Enterprise (the former IBM Laser Enterprise business in 
Switzerland), and Philips. In addition, Tutcore (Finland) also makes 
high power laser diode wafers and bars; their new owner, Coherent, 
does packaging and productising in the US. (However. Tutcore still 
sells epi material, some of which is packaged and sold by other 
European manufacturers.) 

The following is a survey of very high power units for materials 
processing and solid state laser pumping. High power lasers supplied 
specifically for telecommunications (such as EDFA pumping) are cov- 
ered in the section on telecommunications. 

Siemens high power diode lasers are based on strained quantum 
wells in InGaAlAs, using MOVPE. Standard units produce around 1 W 
CW (up to 10 W pulsed). with wavelengths of 808, 940 and 980 nm, 
with wall plug efficiencies around 35%. Special wavelengths are avail- 
able on request. Diode lasers with beam shaping or fibre optics cou- 
pling are available. Siemens also produce pulsed laser diodes with a 
peak power 10 - 15W (100ns duration, 0.1% duty) mounted in low cost 
plastic package for large volumes. For these the standard wavelengths 
are 850 and 905nm, and the emitting area is 200um x 2um. These 
lasers will operate over a temperature range between -20°C and +85°C, 
and are finding applications in range finding and security areas. 

Individual diodes can be combined in arrays and bars to produce 
higher powers and Siemens' current product range includes unmounted 
laser bars with powers up to 30 W CW and up to 100 W quasi CW. 
Wavelengths, materials and efficiencies are as for the single diode prod- 

. The unmounted bars are 10mm x 600microns x 115microns in 
size. 

As part of the Laser 2000 collaboration (see box), Siemens has 
been actively involved in a full programme of enhancement of the prop- 
erties of their high power lasers. This includes especially the efficien- 
cy. reliability (lifetime) and usable optical power density of the lasers. 
Results on 940 nm and 808 nm devices (1 W from 200 micron diame- 
ter single emitters and 25 W from 10 mm bars) show impressive results. 
Efficiencies of over S0% have been obtained with lifetimes exceeding 
50,000 hours for the 940 nm devices and 20,000 hours for the 808 nm 
devices, adding fuel to the aluminium free materials debate. Us 
beam combination into a fibre optic delivery system a power dens y of 
50 kW/em® was obtained in a numerical aperture of 0.22. Such high 
powers are being exploited by Laser 2000 partner Dilas in materials 
processing, with a system producing 800 W already demonstrated. 

Packaging for Siemens' high power products is provided by other 
companies such as Jenoptik Laserdiode and Dilas (both located in 
Germany). For example, Dilas is already offering a 800 W fibre optic 
delivery system for materials processing which is based on the 808nm 
high power lasers developed under the Laser 2000 program. 

Jenoptik is also producing high power bars made from alumium 
free material produced by Tutcore. The Tutcore/Jenoptik laser is a lin- 
ear bar amay. consisting of 20 emitters, each 150 microns wide and 
spaced by 500 microns. The bars operate at 808 nm and even up to 
power densities on the face of 8.6 MW/cm? there is no sign of the cat- 
astrophic optical damage that prematurely destroys conventional 
AlGaAs devices. Tutcore claims that their lasers are now reaching the 
output power of their AlGaAs competitors, and they aim to have a 50 
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W bar on the market in two to three years. The lifetime of this is pro- 
jected to be 10k hours. They are already selling 20 W bars and have a 
prototype GalnAsP/GalnP bar array that emits more than 100 W witha 
wall-plug efficiency of 50%. 

Last month German company Applied Photonic Systems, APhS, 
introduced commercial high power diode lasers which have also been 
developed as part of the Laser 2000 programme.  Using a technology 
developed at the Fraunhofer Institute in Freiburg, the new lasers pro- 
duce 1 Watt output power at a standard wavelengths of 1020 nm (940 
nm to 1070 nm are in preparation. The laser is claimed to have excel- 
lent beam properties and fibre coupling is offered. 

Nortel, although specialising in telecommunications lasers, also 
produces high power lasers for automotive and military applications. 
Using AlGaAs devices between 800 and 870 nm and InGaAs devices 
between 890 and 900 nm, either single or multichip systems are pro- 
duced. Peak powers are between 0.4 W and 100 W for the two materi- 
als, with output in 35 ns long pulses at a repetition rate of 15 kHz. The 
diodes are produced using MOCVD. 

Nortel also manufactures lasers for use in instrumentation. These 
offer higher powers than are needed in the standard telecommunications 
lasers, and Nortel use MQW technology to produce systems at 850 nm 
(powers up to 1 W), 1300 nm (powers up to 100 mW) and 1550 nm 
(powers up to 60 mW). 

French industrial giant Thomson-CSF offer a considerable range 
of high power diode lasers. in bars and stacked arrays of bars, all man- 
ufactured and packaged at its facility in Orsay. The majority of the 
products offered are based on MOCVD produced AlGaAs single quan- 
tum well lasers operating between 790 and 830 nm. CW bars of up to 
20 W are available, with fibre coupled bars up to 15 W. The newest 
products in this range have efficiencies as high as 40%. Quasi CW 
devices offer extremely high powers, with efficiencies above 40%. 
Operating with 200 microsecond pulses at 100 Hz peak powers of up to 
2.5 kW are specified. 

A more limited range of InGaAlAs bars are available, operating 
between 940 and 980 nm. These can produce up to 20 W CW with an 
efficiency of 35%. 

Research at Thomson-CSF is producing new and modified prod- 
ucts at a high rate. A recent collaborative project with nearby Institut 
d'Electronique Fondamentale has produced subnanosecond pulses from 
a high power stacked array. The short pulse system was based on a 10 
bar stack producing around 600 W at 805 nm with a standard power 
supply. When excited with a power supply designed to pump power 
into the 50 Ohm matched system in 50 ps, optical pulses shorter than 
400 ps were obtained with pulse energies of 0.3 microJoule. 

Laser 2000 

A major German collaborative programme reached it's first 
milestone this year. The initial three year phase of Laser 2000 
ends this summen, having invested 100 million DM in RSD pro- 
Jects covering all aspects of high power diode lasers. Major 
focal points included crystal growth, epitaxy, and device pro- 
cessing and packaging for diode lasers. Over half of the funding 
was provided by the government through the Federal Ministry 
for Science and Technology (BMB+F). 

_The partners in Laser 2000 included major industrial com- 
panies, such as Siemens, and research groups in German uni- 
versities, numbering over 20 in total. The commercial partners 
say they are already putting the research to good use (see 
above), and plans to extend into a second three year phase of 
the programme were recently announced. 
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Telecommunications Products 

There are many European manufacturers 
of complete laser diodes systems for the 
telecommunications market. In terms of their 
corporate structure and ownership, they run the 
gamut from classic corporate giants (Siemens, 
one of the world's 100 largest companies) to 
nationalized industry (Thomson-CSF) to for- 
eign-owned manufacturing operations (five are 
owned by North American companies). But all 
rely on technical developments made in Europe. 
The main development thrusts are towards 
VCSELs and higher power EDFA pump lasers. 

Alcatel Optronics 

Alcatel markets a full range of optoelec- 
tronic products for optical communications, 
including lasers. Both FP and DFB type lasers 
are produced from InGaAsP at both 1300 nm 
and 1550 nm. A 1565 DFB laser specifically for 
WDM applications is available. as is a 1480 nm 
EDFA pump laser. 

Tutcore 

Aluminium free material for high power 
bars for solid state laser pumping is what origi- 
nally attracted Coherent to purchase Tutcore. 
Another key development is the production of 
high power GaInAsP 980nm single laser chips. 
When packaged these offer up to 250 mW out- 
put power in a single spatial mode and with a 
beam shape optimised for pumping EDFAs. 
Packaging is not currently offered by Tutcore 
although the company is actively developing 
new customers for the wafers, processed wafers, 
chips and bars that come out of Finland. 

Acronyms 
used in this article: 

CATV  cable television 
DFB distributed feedback 

EDFA  Er-doped fiber amplifier 
FP Fabry-Perot 

LPE liquid phase epitaxy 

MBE molecular beam epitaxy 
MOCVD metalorganic chemical 

vapor deposition 

MOVPE metalorganic vapor phase 

epitaxy 
MBW  multi-quantum well 
RWG  ridge wave guide 

SCH separate confinement 

heterostructure 
UHB ultra-high brightness 

VCSEL  vertical cavity surface 

emitting laser 
WDM  wavelength division 

multiplexing 

Ericsson 

Ericsson has more than 20 years of experi- 
ence in fibre optics. It offers complete transmit- 
ter and receiver modules for bit-rates up to 2 
GB/s. based on in-house development and man- 
ufacturing of laser diodes. PIN diodes and high 
speed custom ICs. The technology base is 
GaInAsP/InP, and the company offers a wide 
range of advanced. high performance laser 
diodes and detectors based on a well established 
InP process. Ericsson are developing InP inte- 
grated optic devices such as optical switches, 
devices for WDM and high bitrate systems (10 
GBJs). As well as packaged modules, Ericsson 
supply discrete laser diodes and detectors. DFB 
and Fabry Perot lasers are tailored to telecom 
applications at 1310 and 1550 nm. 

GMMT 

Originally a specialist in military systems 
and components, GEC Marconi Materials 
Technology is now an established supplier of 
diode lasers for telecommunications applica- 
tions. The company grows and processes the 
diodes in the UK, and packages 
tems in house, while some of the telecoms sys- 
tems are packaged outside. The product range is 
limited at present, being largely dictated by the 
components used in its own systems, but 
GMMT expect to have more products on-line in 
the near future. 

The standard product for the telecoms mar- 
ket is the 1550 nm DFB laser, with up to 60 mW 
output power, based on strained layer QW tech- 
nology. A spin-off from this is a tunable DFB 
laser that is being marketed as a gas sensing sys- 
tem. The central lasing wavelength can be tar- 
geted to be between 1250 and 1600 nm, and this 
can be tuned by +/- 1 nm by varying the drive 
current. The range of central wavelengths avail- 
able matches with CO,, CO. H,S and NH; gas 
absorption features and these lasers can form the 
basis of a sensor for these gases. 

Figure Three. Examples of some of the laser modules 
produced by Hewlett-Packard FCO. 

Hewlett-Packard 

Hewlett-Packard FCO (formerly BT&D 
Technologies) offers a range of products and 
technologies, all aimed at the telecoms and dat- 
acoms market. H-P buys produces laser materi- 

als by in-house epitaxy and then packages com- 
ponents at their facility in Ipswich. The 1300 
nm laser is based on a buried heterostructure 

design. The 1550 nm DFB laser is based on 
InGaAsP RWG structure. The distributed feed- 
back is provided by a second order grating fab- 
ricated in the waveguide layer adjacent to the 
active region. Higher power 1480 nm lasers are 
built for EDFA pumping and also for the instru- 
mentation market. H-P hopes to offer 980 nm 
pump lasers soon. 

The 1480nm pumps use a planar buried 
heterostructure design. based on MQW separate 
confinement heterostructure  (MQWSCH), 

grown entirely by atmospheric MOVPE. The 
conduction band consists of 9 InGaAsP (wave- 
length 1500 nm) wells with 8 InGaAsP barriers 
(wavelength 1200 nm). The thickness of the 

quantum wells is adjusted to give the required 
wavelength. 

H-P started introducing VCSEL technolo- 

gy in 1996. The company has based a new gen- 
eration of fibre optic products in this technolo- 
gy; the first product offering is a 850 nm 

VCSEL used as a source in a Gigabit Ethernet 
multimode fibre system. 1300 nm VCSELS are 
in development, and it is expected that these will 

be used in both multimode and the more 
demanding single-mode fibre applications in the 
near future. 

Mitel 

In 1996 Canadian semiconductor manufac- 
turer Mitel acquired ABB HAFO based in 
Sweden. a company with a 30 year background 
in the design and manufacturing of high perfor- 
mance optoelectronic devices. Now operating 

as Mitel Semiconductor AB, the facility pro- 
vides capacity of 35,000 100mm wafers per 
year. Short and long wavelength LEDs, Lasers, 
and other components are aimed at the telecom 

and datacom markets, including CATV and 
WDM) applications. 

Mitel's range of lasers includes short wave- 
length VCSELs (GaAs/GaAlAs) designed for 

use with multimode fibre, targeted at datacoms 

applications. The company also produces long 
wavelength FP lasers for telecommunications. 

Nortel 

The Nortel manufacturing facility in the 
UK, formerly STC, is one of the largest 
telecomms laser diode suppliers worldwide. 
They offer a full range of diode 
coms and datacoms applications, with powers 

s for tele- 
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around 2 mW. Standard products include 
1310 nm and 1550 nm RWG lasers with DFB 

options for narrow bandwidth operation, 
using MQW GalnAsP technology. A laser 
especially developed for the cable TV market 

produces 20 mW at 1550 nm with a very nar- 
row linewidth (single longitudinal mode) and 

good side mode suppression. For long haul 
telecomms applications very stable tempera- 

ture controlled DFB lasers are produced, and 
these can operate at up to 10 Gbit/s over a 

long distance. 
Nortel also produces high power EDFA 

pump lasers. The 980 nm lasers are based on 
a SQW design in an RWG configuration and 

can produce powers up to 130 mW. 95% of 

this power is in the 970 to 985 nm region, 
where the EDFA absorbs. Nortel have patent- 
ed their fibre to laser coupling scheme used in 

EDFA pumping. 

Philips 

Philips produces a range of telecommu- 

nications systems, and a separate range aimed 
at cable TV applications. CATV systems 

include 1310 nm FP lasers up to 1 mW and 

DFB lasers up to 12 mW. MQW 1550 nm 
lasers are offered up to 30 mW. Telecoms 

lasers have output powers around 1 mW and 

are offered in DFB versions at 1310 nm and 
1550 nm, and also a MQW DFB system 

between 1557 and 1540 nm for WDM sys- 
tems. A 1480 nm FP MQW laser at 100 mW 

is available for EDFA pumping. 

Pirelli 

Best known as a supplier of optical 

fibre, Pirelli have recently entered the laser 
market by licensing the 980 nm EDFA pump 

laser technology from Laser Enterprise. 

Pirelli produce EDFAs, and for some years 
have collaborated with Laser Enterprise to 

supply complete systems of pump laser, sup- 

plied from Switzerland, and fibre amplifiers, 
Three years ago the company decided to go 

into laser production itself, became a quali- 
fied supplier last year and have started full 

production this year. They use their in-house 
MBE facility to produce the laser chips. 

According to Pirelli, the Italian 980 nm 

laser performs as well as the Swiss version, 

with linear power up to 140 mW in the fibre 
and a specified power of 120 mW. The com- 

pany has plenty of field information from 

several years of supplying Laser Enterprise 
lasers with EDFAs and say that the only 

changes they have made to the design given 

to them under license are those that improve 
the reliability. 

Siemens 

The Siemens range of products for 

telecommunications is based on MQW diode 

lasers, suitable for bit rates up to I Gbit/s. 
1300 nm and 1500 nm products are supplied. 

Thomson CSE 

Thomson offers a wide range of tele- 
coms lasers. 1310 nm and 1550 nm FP lasers 

are available with powers of a few mW. and a 
1550 DFB laser offers up to 10 mW output 
power. A 3 mW 840 nm FP laser has been 
available for some time. New on the market 
is an 840 nm VCSEL (ImW) aimed at the 
high speed datacoms market. Thomson sup- 
ply these packaged but will also supply 

processed wafers, diced or undiced, or pro- 
vide a non-exclusive transfer of technology to 

process and  manufacture  VCSELs. 
Preliminary details have been released for a 

MQW 980 nm EDFA pump laser with 100 
mW output power. 

Uniphase Laser Enterprise 

Uniphase Laser Enterprise is another 

company which has changed hands recently. 

Formerly part of IBM, Laser Enterprise is a 
specialist in 980 nm EDFA pump lasers (see 

CS 3(3), p. 20). The company uses MBE to 
produce GaAs/AlGaAs and InGaAs/AlGaAs 

material systems. The RWG structure is 

chemically etched onto the substrate. The 
technical breakthrough made by the company 

in the late 1980s was the development of a 

mirror passivation process, E2, which dra- 
matically extends the lifetime of 980 nm 

lasers. This prevents catastrophic optical 

facet damage, and allows the lasers to be run 
at higher output powers for longer periods. 

Laser Enterprise is currently developing 

a narrow stripe 980 nm laser for operation 
above 200 mW, a 980 nm chip for submarine 

applications and broad area lasers with 500 
mW and 1.5 W output power and wave- 

lengths of 917 nm, 960 nm and 974 nm. The 

focus remains on high power, high reliability 
lasers for fibre amplifiers and fibre lasers. 

Figure Four. An Er-Doped Fiber Amplifier 
produced by NORTEL in the UK. 
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Laser Diode 
Development at NEC, 
Fujitsu and Toshiba 

Fiber optics and DVD are the 
major areas of interest for 

Japan's large optoelectronic 

manufacturers 

PAUL MORTENSEN 

aser diodes for fiber-to-the-home 

I (FTTH) and high-density multimedia 

storage are the main research topics for 

Japan's major optoelectronic companies. 

The production of optical pick-ups for 

audio CD players and CD-ROMs has been vir- 
tual monopolized by Japanese laser makers. 

Many of the companies involved in that work 

are now hard at work to preserve their com- 

petitive edge for DVD, the next generation of 

optical storage system. 
In telecommunications, much of the 

research is driven by the vision of Japan's main 

telecom carrier, Nippon Te aph and 

Telephone (NTT) for a nationwide all-fiber 
network. But if NTT is going to make FTTH 

a reality (see box, next pa it needs to find 

vendors who can strike the compromise 
in cost and function for its laser-based compo- 

But both Fujitsu and NEC are con- 

vinced that with the right component design, 

the cost of a nationwide all-fiber system can 
match that of the metallic system by the year 

2000. But to do that they will need to produce 

nents. 

four million modules a year for 15 years in 
order to get 60 million access lines fibered at a 

cost of about $10 a module,
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Telecomm at NEC 

A leader in optoelectronics, NEC Corp. 
last year spent ¥713 billion ($7.13 billion) on 
R&D. Despite a four-year domestic recession, 
the company has maintained an R&D expendi- 
ture of about 10% of net sales over the past ten 
years. Kohroh Kobayashi, general manager 

Opto-Electronic Research Laboratories, NEC 
Corporation (Tokyo) notes that their priority is 
translation of research results into low-cost 
products for major markets: and includes 

speedy transference of R&D to the factory 
floor. 

Earlier this year, for example, researchers 
at NEC's Opto-Electronic Device Research 
Laboratories (Tsukuba) developed a way to 

manufacture different wavelength laser diodes 

from a single wafer, overturning the conven- 
tional process which required all lasers on the 
same wafer to have the same lasing character- 
istics. 

The new process demonstrated that lasers 
diodes in a 75-nm-wide wavelength range and 
in a frequency band of up to 10THz can be 
produced on the same single InP wafer with 
uniform lasing characteristics, and with a 

threshold current stabilized at 9mA irrespec- 
tive of the wavelength of the diode. Masayuki 
Yamaguichi, assistant manager at Opto- 
Electronic Device Research Laboratory 
(Tsukuba), predicts a 100-fold reduction in 

fabrication costs of laser diodes especially for 
wavelength division multiplexed (WDM) 
lightwave systems as well as greatly reduced 
production times. 

The Tsukuba lab is now targeting the 
development of order-made, simultaneous fab- 
rication of different wavelength laser diodes 
from a wafer to match the pre-assigned wave- 
length grids of future WDM systems. Ideally, 
each laser diode with different wavelength 
should have uniform lasing characteristics 
over a wide range of the erbium-doped fiber 
amplifier (EDFA) gain band (1530nm- 
1560nm) or more. For that, NEC believes that 
fine pitch control of grating by electron beam 
(EB) lithography combined with bandgap 
energy control by selective metal-organic 
vapor phase epitaxy (MOVPE) will reduce 

costs of WDM light sources. 
To control the wavelength of distributed 

feedback laser diode arbitrarily, the grating 

pitch must be controlled to less than 0.01nm. 
However, the current minimum drawing step 
of a conventional electron beam (EB) machine 
is 2.5nm which means that all laser diodes 

from the same indium phosphide (In-P) wafer 
had the same lasing characteristics. To reduce 
that value, researchers introduced a field-size 
variation technique which continuously varies 

emiconductor 
laser manufac- 

tures love the idea of 
fiber-to-the-home (FTTH) - 

providing private residences 
with large-bandwidth fiber con- 

nections. And the biggest 
booster of FTTH has been 

NTT, with an oft-repeated 
goal of "fibering" every home 

in Japan by 2010. But 
changes are afoot - due in no 

small part to the popularity of analog coaxi- 
al cable and wireless technologies in other 
countries, particularly the U.S. 

Japan's Ministry of Posts and 
Telecommunications (MPT) recently expand- 
ed its vision of the future of residential mul- 
timedia services to include alternatives to 
fiber. NTT has responded by revising its 
FTTH plan for 2010 to say that instead of 
reaching every home, they will be close to 
nearly every home by that year - that is, they 
plan to terminate fiber close to groups of 
homes and then provision individual homes 
on a willingto-pay basis. But there is 
already some doubt here that this scaled- 
down plan can be achieved on time and at 
reasonable costs. 

Is Fiber-to-the-Home Going to 
Happen? 

NTT is keying in on laser costs as one of 
seven key factors that will influence the 
affordability of FTTH. To reduce component 
costs, NTT plans to use the passive double 
star (PDS) for FTTH. The PDS system allows 
up to 10 customers to share a feeder fiber 
by way of a passive optical splitter - reduc- 
ing the number of fibers and optical trans- 
mitters and receivers needed. 

Another way to lower costs is de-facto 
standardization. NTT is promoting their 
standards in local telecommunications pro- 
jects in Asian countries, hoping that they 
may eventually offset some of the expense 
of FTTH by exporting systems to other mar- 
kets. But this won't happen before political 
roadblocks to an expanded international 
presence for NTT are removed. 

But if NTT can succeed on both fronts - 
successful implementation of FTTH at 
home, and then exporting their system 
abroad - it could be a bonanza for compo- 
nent manufacturers. NEC and Fujitsu, as 
major suppliers to NTT, will likely land the 
biggest contracts, but other companies, 
including  Hitachi, Oki, Mitsubishi, 
Sumitomo Electric, Fujikura, and Furukawa 
Electric could also benefit. 

the electric field and the positioning of the 
electron beam before it hits the wafer. The 
field size can be changed by 0.05% allowing a 
fine pitch control of 0.0012nm steps. In one 
experiment, researchers formed forty-channel 

different pitch gratings from 235.98nm to 
247.68nm by 0.3nm steps on an In-P wafer. 

They also developed a selective MOVPE 
growth technology for bandgap energy control 
of the active layer. Yamaguichi says that the 
lasing characteristics of DFB laser diodes 
deteriorates if the lasing wavelength deviates 
greatly from the active layer gain peak wave- 
length. Selective MOVPE growth adjusts the 
gain peak wavelength to the lasing wave- 
lengths, obtaining uniform LD performance 
for all channels. In the MOVPE chamber, the 

precise use of different lengths of silicon- 
oxide masks controls of the amounts of Ga, 
As, In and P that are absorbed into the active 
layer (since these elements migrate at different 
rates in the mask). The mask widths varied 
from 24um to 35.7um in 0.3um steps depend- 
ing on the grating pitch. 

These technologies, Yamazaki predicts, 

will produce laser diodes in a 100nm-wide 

wavelength range and in a frequency band of 

up to 10THz on one wafer, with stablized the 
threshold direct current. In sum, by lowering 

fabrication costs, they may speed the develop- 

ment of a high-capacity multimedia (WDM) 

infrastructure. 
For other laser diodes, NEC's research 

covers three broad fields: time, space and 
wavelength. The company is participating in 
the national femtosecond project (started last 
April) which aims to develop solid-state and 
semiconductor femtolasers for telecom and for 
testing high-speed ICs. They are also 
researching massively parallel optical inter- 
connections; some of this research is for opti- 
cal computers of the national Real World 
Computing Project (Tsukuba). And another 
project combines plastic-clad silica-core fiber 

with 970-nm-t0-930-nm  vertical-cavity sur- 

face emitting lasers (VCSELSs) for low-cost 
OP\K‘ill interconnection s)slems. 

For optical subscriber networks, NTT 

wants compact and cheap transmitter/receiver 
modules with two-way transmission capabili- 

ty. Hybrid as well as monolithic integration 
schemes have been tried, but monolithic pack- 
ages are favored to reduce chip connections. 
In line with this aim, NEC research teams have 

now successfully integrated a laser diode, a 
photodiode, and a wayveguide directional cou- 

pler on an InP substrate by using selective-area 

MOVPE. 
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Fujitsu 

Fujitsu Ltd. is another company that con- 
tinues to invest heavily in R&D. The notes 

that telecom systems are of growing impor- 

tance to the company. providing in the first 
half of '97 their largest percentage growth in 

compared to sales of its major products 
ich include mainframe computers and PCs. 

In fiscal 1996, Fujitsu invested about ¥346 bil- 

lion in research. This is a 7% increase over the 
previous year, and it is equal to 9.2% of com- 

pany sales. 
Most optoelectronics research takes place 

at the Electron Devices and Materials Labs 

(Atsugi) which is composed of six laboratories 
(each with about 40 researchers). The labs are: 
ULSI Technology Lab, ULSI Fabrication 

Technology Lab, Compound Semiconductor 

LSIs Lab (studying HEMTs and HBTS. this lab 
was added in 1996 in anticipation of more 

integration of high-speed electronics with 
optical devices), Quantum Electron Devices 

Lab  (quantum-dot  lasers),  Optical 
Semiconductor Devices Lab (laser diodes), 
and Infra-red Devices Lab, (infra-red sensors 

for Japan's military forces). This year's annu- 

al budget is about 1,500 million yen, a 10% 
increase over last year. 

The Optical Semiconductor Devices Lab 
focuses on laser diodes for both telecom and 

optical disk dpplimlions with telecom appli- 

cations representing around 60% of the effort. 

Dr. Shigenobu Yamakoshi, director, Optical 

Semiconductor Devices Lab said that 
researchers at the lab are now focussing on 
MQW (multi-quantum-well) local-loop lasers 

and MQW DFB (distributed feedback) lasers 

with integrated modulators. 

The local-loop lasers use a spot-sized 

transformer to expand the mode-field diameter 
and desensitize coupling to single-mode fiber. 
This facilitates the design (fewer precision 

parts) and production (less-critical alignments) 
of low-cost packages for loop applications. 

However. it is difficult to achieve a narrow 
beam in a conventional laser diode with low 
threshold current. Because expansion of the 
mode profile for a narrow beam decreases the 
optical confinement and raises the threshold 
current. A solution for this tradeoff is to inte- 
grate a spot-size transformer within the laser 

diode. And this transformer must be transpar- 
ent at the lasing wavelength, since absorption 

increases the threshold current. 
They succeeded in integrating a tapered 

thickness spot-size transformer to a 1.3-um 

MQW laser diode. The 200-um long tapered 
waveguide and the 300-um long MQW active 

layer were simultaneously fabricated on an n- 

doped InP substrate using a one-step selective- 
area MOVPE growth. 

By using this technique, they reduced the 

thickness of MQW and guide layers along the 

axis in the spot-size transformer. Thinner 

MQW layers give a transparent transformer in 
a Fabry-Perot resonator because the absorp- 

tion edge in the spot-size transformer shifts to 

a shorter wavelength than the lasing wave- 

length.  The gain region h: 

unstrained InGaAsP wells, 
barriers and 100nm guide layers. They used a 

conventional p-n blocking buried heterostruc- 

ture to get a low threshold current and stabilize 

the transverse mode. 
They found that by optimizing the elec- 

trode length, the increase in the threshold cur- 

rent was limited to only 30% compared to that 

of a conventional laser with the same cavity 
length even if the spot size was expanded by 

four times. For a laser with high-reflection- 

coated rear facets, the calculated threshold 
currents were just 6.5mA at 25C and 22.2 mA 

at 85C. At 50% coupling efficiency, 1 dB 

additional loss corresponds to +/-2 microns of 
fiber transverse motion rather than the usual 
+/-0.7 microns. The output beam shape is 

almost circular. 
With these results. Fujitsu believes it is 

very close to developing a $10 laser module 

that has passive and lens-free alignment for 

FTTH. 

Your Best Source for PBN-Worldwide 
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Advanced Ceramics developed Boralloy® and is the original 
patent holder and innovator of PBN products for MBE. No 
other company can match our experience, production 
capacity and customer service. 

Our technical expertise and commitment to product devel- 
% opment have resulted in several industry innovations which 
) have increased crucible life and MBE yields: 

| *double-walled crucibles that 
improve aluminum deposition 

«“hot lipped” crucibles that reduce 
defects during gallium deposition 

-Boralectrjc heaters that improve thermal uniformity 
and provide increased durability 

*custom surface textures 

rat Most of the world's leading companies involved in MBE and 
crystal growth rely on Advanced Ceramics Corp. Find out 
how Boralloy PBN products can improve your operation. 

Advanced Ceramics 

1SO9002 

CORPORATION 

11907 Madison Ave. 
Cleveland, OH 44107 USA 
Tel: 800-822-4322 or 

216-529-3900 
Fax: 216-529-3975 

See ACC on the Internet: http://www.advceramics.com
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Quantum Dot Results 

In another lab. Fujitsu researchers want to 
establish nano-fabrication technologies and 
nano-scale optical characterization techniques 

to make a quantum-dot laser for optical sys- 

tems that need ultra-low power consumption. 
This laser reduces threshold current because of 
enhanced quantum effects and reduced volume 

of the active region. 
For nanostructures fabrication, they are 

studying selective-growth techniques and 
Stanski-Krastanov growth for S5-nm-high 

InGaAs quantum dots which are self-orga- 

nized without lithographic processing. Fujitsu 

reported the first current-injection laser oscil- 

lation from indium gallium arsenide quantum 

dots at 80K. The dots, which emit at 1300nm, 
were grown on GaAs substrates by atomic 

layer epitaxy (ALE) and demonstrate three- 
dimensional quantum confinement Threshold 

current for the quantum dot laser is still too 

high, but they have had a number of successes, 

says Hajime Shoji, researcher at Quantum 

Electron Devices Lab (Atsugi). 
Highlights of their research efforts 

include continuous lasing at the ground state 

of quantum dots and observation of clear dis- 

crete peaks in electroluminescence spectra of 

quantum dot structures. They have also 

demonstrated for the first time that the lasing 
wavelength jumps from higher-order subbands 

to lower-order subbands by changing device 

parameters such as cavity loss and number of 
dots in a layer. 

This year the research team fabricated a 
closely-stacked quantum dot laser (1300nm) 
which produced a narrow emission spectrum. 

The FWHM of the photoluminescence was 

just 25 meV, which was less than one-third of 
their conventional value (~80 meV). They 

also achieved laser oscillation at room temper- 
ature, 
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The forecast for DVD player sales. At 60 million 
units per year by 2000 this market would be valued 
at ¥3,000 billion ($23 billion). Alas, semiconduc- 
tor lasers account for less than 1% of that figure. 

dd Beyond 

Telecom isn't the only big business in 

Japan. The consumer electronics industry is 
expecting huge market growth for DVD, with 

60 million units sold by 2000 - about ¥3,000 

billion a year. See chart, below. But before 
this can happen, issues about the supply of red 

lasers must be addressed. At present, there are 

believed to be only a few makers can reliably 

supply 100,000 units a month of DVD lasers. 
Part of the problem is although the basic DVD 
units require a fairly simple laser with ~SmW 

of output power, the popula 
Toshikazu 

Yosumi, director of Matsushita's Optical Disk 

Systems  (Osaka), 

notes they are diffi- 

cult to mass-pro- 

duce. "We get a 
very low yield for 

35-mW laser 
diodes", he says. 

"But we expect the 

same yield as the 

CD-player  laser 

diode in three 
years." 

Of course much of Japan's laser research 

effort is now directed to creating the blue- 

light-emitters that will be needed for the gen- 

eration of optical storage systems which fol- 

lows DVD. Recent events have produced 

some surprises in this area. 

Toshiba recently hosted a demonstration 

of future high-definition optical storage sys- 

tem equipment. Their experimental system 

used a green (532nm) second-harmonic-gener- 

ation (SHG) laser module. And market pres- 

sure is also forcing Matsushita Electric to con- 

sider SHG lasers for optical pickups (for more 
on this story, see page 18). 

Meanwhile, researchers at Toshiba 
Materials and  Devices  Laboratories 
(Kawasaki) continue to work on conventional 
direct blue-light-emitting laser diodes. So far, 

they have developed a GaN blue-purple 

(417nm) laser diode that emits a pulsed beam 

at room temperature. They are working 

around-the-clock to achieve continuous wave 
operation and thus catch up with Nichia 

Chemical Industries Ltd. who have achieved at 
least 35 hours of continuous wave operation at 

80°C. 
About two years ago, says Masure 

Nakamura, a manager at the Kawasakilab, the 

company shifted from working with ZnSe, 

which offered the possibility of a low-disloca- 

tion material, to GaN in the belief that it is 
more suitable for producing a stable, short 

wavelength laser beam. 

Toshiba credit two developments to 

enable blue-purple lasing at a threshold current 
of SA and operating voltage 20V. First was 
success in fabricating very thin layers of GaN 
compound crystals in a multi-quantum well 

structure using MOCVD. They grew a GaN 
buffer layer on a sapphire C-face substrate fol- 
lowed by a 2-um thick undoped-GaN, a 4-um 
Si-GaN contact layer, a 0.1-um undoped-GaN 
optical guiding layer, 25 periods of a 
InGaN/InGaN multi-quatum-well (MQW) 
structure consisting of 20-A thick InGaN well 
layers and 40-A thick InGaN barrier layers. 

The second development was a new 
way to cleave the 
GaN crystal grown 
on the C-face sap- 
phire substrate, 

assuring a smooth 
surface. Previously, 
cleaving GaN crys- 
tals on a sapphire 
substrate  usually 
produces a rough 
surface unsuitable 

for laser emission, 
so dry etching was used instead. Also, cleav- 
ing is less expensive than dry-etching and 
requires fewer manufacturing processes. 

For optical-disk applications, they will 
need to stabilize at least 10,000 hours of oper- 
ation. Fortunately for Nichia, since the devel- 
opment cycle follows a logarithmic scale, 

achieving 10,000 hours from a start of 35 
hours is much less of a struggle than achieving 
the first few hours of CW operation - a prob- 
lem which Toshiba is now facing. 

Once the diode becomes a practical reali- 

ty, however, emain. They 
include the sensitivity of current optical detec- 
tors (Si-PIN), which drops precipitously in the 
region of the operating wavelength (420nm); 
lowering noise from light reflected into the 
laser from the disk; lowering the beam-aspect 

and, of course, price. Toshiba notes that 
for a $500 DVD player, the optical head is 
budgeted at 5%-10%, which means that the 

laser diode cannot exceed 1-2% of the total 
system cost. It follows that the price pressures 
on the blue lasers, when they are available, 
will be substantial. 

Does it seem odd to be discussing the 
price of a product that doesn't exist? Not in 
Japan, where the consumer electronics giants 
are focused on producing exquisitely engi- 
neered products at mass-market price points. 
Given their commitment to excellence in opti- 
cal data storage, and NTT's leadership in 

telecommunications, Japan's leading laser 
diode manufacturers have a bright future in 
front of them. 
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Laser Diode Development 
on Ternary Substrates 

small steps toward volume manufacturing; today, laser diodes are 
commonplace in the developed world. It seems logical that the 

next ten years will bring demand for more and cheaper lasers. But it 

will also likely create opportunities for new and different types of lasers. 
One of the more interesting things to consider when thinking about 

the years to come is whether future generations of laser diodes will con- 
tinue to rely solely on binary substrates. Or, instead, will lasers grown 
on ternary substrates such as InGaAs. GalnP, GalnSb and the like be as 
common in ten year's time as GaAs and InP-based lasers are now? 

The motivation for interest in ternary substrates is obvious: they 
provide the device designer and epi grower with additional degrees of 
freedom to employ when addressing a new laser requirement. Figure 
One shows the additional lattice constants and bandgaps that are avail- 
able in the I1I-V ternaries. If "designer substrates” based on these mate- 
rials were to become readily available, it could usher in a whole new era 

of bandgap engineering. 
Of course, ternary substrates will likely be more expensive than 

their binary counterparts. In some cases, higher levels of device perfor- 

mance will undoubtedly compensate for that factor. In other cases, 

ternary substrates might actually reduce the cost of the finished product. 
For example. they could obviate the need for compositionally graded 

buffer layers, which are currently used in many cases to minimize strain 

and deduce misfit dislocations. These buffer layers add to the cost of 
the epi. and are sometimes only marginally effective, so it is possible 
that eliminating them could sufficiently increase yield and epilayer 
quality to make up for the extra cost of the substrate. 

The first part of this report overviews recent work in the bulk 
growth of ternary substrates. The second part summarizes recent 

attempts to grow lasers operating at telecommunications wavelengths 
on those substrates. 

Ten years ago semiconductor laser technology was taking its first 

GaAs 1238 5.654 1.40 

GaSb 706 6.095 0.69 

InGaAs 943 - 1238 5.654 - 6.058 0.356 - 1.40 

InAsP 943 - 1062 5.869 - 6.058 0.356 - 135 

InGaSh 525 - 706 6.095 - 6.497 0.18 - 0.69 

Figure One: Melting Point, Lattice Constant and Bandgap of the 
three most common binary substrates and six ternary systems. 
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LEC Growth of Bulk Ternaries 

W.A. BONNER 
CRYSTALLOD, INC. 
SOMERVILLE, NJ USA 

Compositiun uniformity has been the dominant issue in the devel- 
opment of bulk ternary I11-V crystals since work began in the mid 

1950's. Historically, crystal growth studies of the III-V ternary mate- 
rials systems were confined principally to unseeded. horizontal boat 
directional solidification techniques. Failure of early investigators to 
grow large single crystals of the bulk ternary ITI-V's was attributed to 
the phase relations and kinetic parameters. All of the respective 
pseudobinary I1I-V materials systems form solid solutions with sig- 
nificant separation between the liquidus and solidus phase regions. 

This results in strong compositional segregation, associated super- 
cooling effects and potential for interface breakdown resulting in 

polycrystalline growth. 
With the exception of a few isolated studies in Ga(As.P) and 

(Ga.In)As, the Czochralski pulling technique had been largely ignored 
for ternary I1I-V growth. But work done at Crystallod and elsewhere 
suggests that liquid encapsulated Czochralski (LEC) growth may be 
best suited to ternary growth. To be sure, LEC growth from a finite 
volume melt is still subject to the problem of segregation and non-uni- 
formity. But it also can provide solutions to the problems. For exam- 
ple, the melt can be mixed during growth by mechanical stirring. And 
indeed, recent private and government funded research programs to 
grow bulk ternary I11-V single crystals, have demonstrated the ability 
to produce crystals in research sizes and quantity. To date, crystals of 
Gay,In,As: x~0.1002, Ga,,In,Sb; x~0.125), and InP; As,; x~0.101), 
have been prepared using this technology. Gay,InAs single crystals 
approaching 1Kg and 2" diameter have even been reported. 

An InPy,As, ternary single crystal is shown in Figure 1. These 
boules can typically be grown up to 2-3cm diameter, 4-8cm long and 
100-150gms in weight. Growth conditions approximate those 
employed for LEC InP for low arsenic concentration crystals. To date, 
crystals with "x" values up to ~0.14 have been have been grown. 
Antimonide crystals have also been grown. but to date this system has 
proven to be more ult than the others, and equivalent sizes have 
not been achieved. 

con't on page 34 



FROM SUBSTRATES 10 
SUPERLATTICE OUR QUALITY 

IS CRYSTAL CLEAR 

Sumitomo Electric has been of epitaxial processes that 

supplying a full range of IlI-V include LPE, VPE & MBE. 

materials for more than 20 One of our latest substrate 

years. During this period we advances has been growth of 

have developed a repertoire super-long LEC ingots with 
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consistent properties 

available. Our proprietary InP 
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TECHNOLOGY UPDATE 

weight. 

The Starting Seed 

Ternary II-V single crystal growth by 
LEC requires compositionally compliant, lat- 
tice matched and melting point compatible 
seeds. Seeds are generated and composition 
changed by a series of iterative growth runs or 
"bootstrapping” whereby the alloy composi- 
tion is increased from the appropriate binary 
compound. This is an extremely time inten- 
sive process. However, once a seed base is 
established any discrete composition may be 
compositionally tuned. 

At present, ternary crystals exhibiting a 
high degree of radial composition uniformity 
can be grown by LEC. However. the compo- 
sition does change moderately along the 
length of the boule. as a function of the sepa- 
ration between the liquidus and solidus phas- 
es. As a result, individual wafers cut normal 
to the growth direction of a given crystal may 
be of uniform composition, but there will still 
be some wafer-to-wafer composition varia- 
tion. 

Ironically, the nonuniformity along the 
length of the boule is the same phenomenon 
that is used to beneficial effect in the boot- 
strapping process. Obviously, it becomes a 
detrimental feature when growing large crys- 
tals. At present the wafer-to-wafer non-uni- 
formity can be put to good use, as the small 
compositional differences wafer-to-wafer, 
permit investigation of the effects of subtle 
compositional differences in epitaxial growth 
and device design without the need to grow 
large numbers of crystals. But in the long run 
it will be necessary to tame this problem. 

Applications for Ternary 
Substrates 

When ternary substrates become avail- 
able in production quantities, there will likely 
be virtually no limit to their potential applica- 
tions. Some of the likely uses are already 
under investigation. i 

Figure One. An example of an InPAs ternary sin- 
gle crystal. These boules can typically be grown up 
to 2-3cm. diameter, 4-8cm long and 100-150gms in 

Small diode lasers operating at 
2-3um with low power requirement 
and a high degree of spectral purity 
exemplify one set of devices, which 
mandate ternary substrates. Work 
done at Sensors Unlimited shows 
that distributed feedback (DFB) 
lasers based on InP; . As, have partic- 
ular promise for such applications. 
Specifically. it is predicted that InP, 
(As, x = 0.4 substrates will provide 
the proper lattice parameter to 
achieve 2.77 pm emission from 
strain compensated MQW lasers 
comprised of In,o.Gag sAs wells. 

State-of-the-art techniques for 
detecting several important atmos- 
pheric gases currently use mid- 
infrared diode lasers. Strained layer 

DFB lasers based on ternary InP; As, sub- 
strates could be competitive with antimonide 
or lead-salt lasers for these applications. The 
use of the very mature InGaAsP materials, 
which have well understood properties, could 
simplify processing and increase yields. 
Further, the spectral purity of DFB type lasers 
will permit the ppb to ppt detection levels that 
are currently desired. Quantum cascade lasers 
are also often mentioned for this application, 
but the InP, ,As, structures would be signifi- 
cantly easier to grow. 

Recently, strained MQW (InGa)As 
lasers grown on a ternary InPyoAs, s sub- 
strate_have been demonstrated The 
MOVPE fabricated structure consisted of two 
120m thick Iny-GayosAs compressively 
strained quantum wells separated by a 20nm 
thick Ing5,Gag 156As,5;Po barriers. The active 

n was completed with two 300nm thick 
InGaAsP barriers and constant lattice parame- 
ter was preserved throughout the structure 
with InAs, Py, cladding layers. Lasi 
achieved at 1.75um, as measured at T 
and a pulsed current of 3A. A threshold cur- 
rent density of 9.6kA/cm? and power output of 
60mW were recorded at 250K. While still 
distant from the goal of ~40 mole % arsenic, 
proof-of-concept for temary InP,,As, sub- 
strates for fabrication of MQW laser struc- 
tures has been demonstrated 

In addition to improved characteristics 
and yield for current device applications, 
ternary substrates should also open new areas 
in device physics and novel device concepts. 
It must be realized, however, that bulk ternary 
crystal growth for all of the pseudobinary I1i- 
V systems is far from a mature technology 
and must be viewed today as being at the level 
of maturity of InP in the early 1970's. But 
progress is being made at a faster pace than 
was possible in the binary systems. Therefore 
there is reason to hope that someday in the 
near future ternary substrate-based lasers will 
become a reality. 
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Laser Development on 
InGaAs Substrates 

ALAN MOORE 
EG&G CANADA 
VAUDREUIL, QUEBEC 
CANADA 

mong the most common - and economi- 
ally important - laser diodes are telecom- 

munications lasers emitting at 1.3 micron and 
1.55 micron wavelength. Despite extensive 

developmental efforts, at present the tempera- 
ture performance of these devices, which are 
grown on InP substrates, is somewhat inferior 

to other devices based on GaAs substrates. Tt 
is believed that the shallow conduction band 
potential well in these structures is the princi- 
ple reason for their poor performance. 

A number of potential solutions have 

been proposed. One is the use of AlGalnAs 
material, which has been pioneered by a group 
at Bellcore/Lasertron. In this alloy system the 

conduction band offset is larger than that of 

the conventional GalnAsP compounds. 

Another alternative is to use ternary sub- 
strates. Theoretical work at Fujitsu suggests 

that growth of conventional alloys on 

In; 2Gay-.As substrates could result in a 1.3 

micron emission laser with a characteristic 
temperature of over 150K. 

Ternary Substrate Lasers 

The literature on ternary substrates shows 
a trend of utilizing substrates of steadily 
increasing indium compositions. Initially the 
investigations were based on either the 

InGaAsP or AlGalnAs system, but more 

recently a combination of these alloys has 
been used. 

Fujitsu reported the first results of laser 

growth on ternary substrates'®. They grew a 
SQW laser on a semi-insulating In, sGa ;5sAs 

using InGaP cladding layers and InGaAsP as a 
waveguide. The active layer was a 70A 

In ,2Ga -sAs well giving an emission wave- 

length of 1.03 micron. CW threshold current 

densities were as low as 222 A/cm? and the 
maximum output power of greater than 60 

mW. The estimated o, and 1), for these diodes 

were 73 cm! and 58% respectively. 
Encouragingly the characteristic temperature 

was 221K, much superior to the conventional 
InP based laser figures 

The first reported lasers using the 
AlGalnAs alloy system and the first using 

doped (semi-conducting) substrates were 
made by EG&GL. In this case In,:5GagoesAS 
substrates were used with Al »In,;Ga (:As 
clad and In, ;;Ga, ;As waveguide regions. 

con’t on page 36 
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TECHNOLOGY UPDATE 

The active regions were either 200A 
of Iny;GaggAs or 100A of Ing,GagsAs. 

These devices were driven under pulsed con- 
ditions and the o and 1, for these diodes was 

7.0 cm” and 61% respectively. The highest 
slope efficiency was 0.7W/A for a 250 micron 
device. The highest powers were recorded for 
higher indium containing wells, 16.2 W at 40A 

when driven under 120ns, 3kHz conditions. 

Typical emission wavelengths were between 
1.029 and 1.035 micron. The characteristic 

temperature for these devices was up to 100K 
in the 10-70°C region. 

Devices using partial strain relaxation 
were reported by the group at The University 
of Illinois®. Again doped Ing;GaggAs was 

used. The clad layers were InGaP and the 
active region was 50A Ing ;Ga, ,As surround- 

ed on either side by 650A of tensile stained 
GaAs. Figure 2 shows details of the laser 

structure. Broad area devices were fabricated 
and tested under pulsed conditions. The o and 

1; for these diodes was 10.0 cm™ and 56.3% 
respectively. The emission wavelength from a 
1mm long device was 1.140 micron. 

Growth has also been carried out at the 
university on doped Ing o5, Gags35As substrates. 
In these structures a 87A Iny;,GaggsAs active 
was surrounded on either side by 1000A 
Ing6Gayg:As. The o; and 1), for these diodes 

was 12.6 cm! and 99% respectively. The 

emission wavelength from a 915 micron long 
device was greater than 1.095 micron. 

Further work by the University of Illinois 
team using selective area MOCVD enabled a 
wide range of InGaAs quantum well thick- 
nesses and compositions to be grown on the 

Ing3Gagg7As substrates®’. In this technique 
growth inhibition from a silicon dioxide mask 

is the mechanism used for selective area 
growth rate enhancement of the active area. 

By varying the width of the oxide stripe open- 

ings, growth rate variations lead to quantum 
wells of different thicknesses. Thus QW lasers 
of a variety of active layer compositions and 
thicknesses can be grown on the same wafer. 

The longest emission wavelength from these 
buried hetero structure diodes was 1.150 

micron for a 3 micron wide active device. 
These results demonstrate that the ability of 

ternary substrates to extend the upper wave- 
length emission of GaAs based emitters from 

~1.1 micron into the region normally serviced 

by InP based alloys. 

Encouraging Results 

Arguably the most promising results to 
date have been published by the Fujitsu group 
using Ing;Gag7sAs un-doped substrates!'?l, 
The clad layers were InGaP and the waveguide 

layers AlGalnAs (A= 0.97 micron). The active 
layer consisted of a 70A Inj3GayAs DQW 
separated by a 100A AlGalnAs barrier. The 
three metal quaternary was chosen as the 

waveguide material since a miscibility gap 
exists the conventional GalnAsP alloy with a 

compositional wavelength around 1 micron. 

The reported threshold current densities under 
CW operation were 355A/cm? for a 900 
micron long diode. Maximum output power 
was 8mW and the lasing wavelength was 
1.219 micron for a 900 micron device as 
shown in Figure 3. This emission wavelength 
represents a considerable step for the realiza- 
tion of a 1.3 micron emitter on InGaAs sub- 
strates. The characteristic temperature was 
84K. This low value resulted from the use of 
InAlGaAs barrier layers with an emission 
wavelength of 0.97 micron. From theoretical 
calculations of characteristic temperature as a 
function of the compositional wavelength of 
the barrier it is claimed that a T, of greater than 
150K could be achieved using a AlGalnAs 

p-side metals (TVAu). 

e 
1no.514Gao.as6P:p cladding (1.1 um) 
p~2x 1018 cm3 

Ino514G04s8P:n cladding (1.1 wm) 
n~5x 1018 cm3 

In0.caGaog7As:N+ Substrate 
(with 0.5 um epitaxial butfer layer) 

—
_
—
 

n-side metals (Ge/Au) 

I~—InGaAs:p+ contact (50 nm) 

GaAsu barrier (65 nm) 
1no53Gao.7As QW (5 nm) 
GaAs:u barrier (65 nm) 
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£ 
& 
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= 

L 
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1.214 1.219 1.224 

Wavelength (um) 

Figure Three. Lasing spectrum at 
an_output power of 1 mW for a 

Figure Two. Schematic of a laser structure using par- 
InGaAs DQW laser grown on 
InGaAs semi-insulating substrate by 

tial strain relaxation fabricated by the University of Fujitsu. The lasing wavelength is 
Hlinois. 
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1.219 micron. 

barrier layer with an emission wavelength 
shorter than 0.9 micron. 

The use of the AlGalnAs alloy system lat- 
tice matched to InGaAs also has some theoret- 
ical advantages for the fabrication of 
VCSELs!"l. The development of these struc- 
tures on InP substrates for 1.3 micron laser 
emission has been somewhat hindered by the 

lack of refractive index difference in the 
InGaAsP/InP alloy system. These problems 
could, in theory, be significantly reduced by 

the use of either the AllnGaAs alloy system 

lattice matched to InP or InGaAs ternary sub- 

strates. For example, the refractive index dif- 

ference of IngGag7sAs/Ing,sAly7sAs  on 
Ing24Gay7,As substrates is approximately 0.4 

(that of InGaAsP system on InP is approxi- 

mately 0.2). This effectively reduces, to a 
practical figure, the number of layers required 
in order to achieve the necessary reflectivity in 
the mirror region of the device. Thus 1.3 
micron VCSELs can be made a commercial 
possibility with ternary substrate technology. 

It can be seen that there is considerable 
potential for a number of devices, particularly 
1.3 micron laser structures grown on InGaAs 

substrates. To date only limited material has 
been available but impressive results have 
been achieved. A number of problems still 
need to be overcome in bulk crystal growth 
before commercial realization is achieved. If 
these are overcome a new and exciting area for 

telecoms devices will develop. 
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GaAs ICs for Hi gh 
Bandwidth Fiber Optics 

The use of III-V’s in telecommunications 
doesn’t stop at lasers - Vitesse is developing 
GaAs ICs for improved optoelectronic 
transmitter and receiver designs 

JEREMY BUNTING 

The VSC7925, a 2.5 Gb/s laser driver compatible with 
the SONET/SDH and ATM standards. 

VITESSE SEMICONDUCTOR CORPORATION 

iber Optic and lightwave technologies 
Fpmmise inexpensive ss to untapped 

and virtually limitless bandwidth. The 
major standards [see box, next page] offer 
telecommunications and data communications 
at rates in s of 1 gigabit per second 

(Gb/s). Thanks to optical fiber and optoelec- 

tronic (OE) transmit and receive modules, not 
only will long-haul telecommunications adopt 
lightwave technology but so will computer 

and video connections to homes and desktops. 

However, there’s a catch. 
The technology may be available, but the 

requisite OE ICs are only just coming on 

stream at an attractive price point. At 1Gb/s bit 
rates and above most optoelectronic circuits 

are custom-made. Until the required ICs 

become standard products, readily available 

from volume manufacturers, the supply of the 
required optoelectronic modules will be low 
and the price relatively high, thereby slowing 

market growth. 

Breaking the current price point of the 
ICs, and hence optoelectronic module assem- 

blies was Vitesse's challenge when we started 

to develop a new line of high-speed optoelec- 
tronic ICs. By targeting Fibre Channel appli- 

cations at 1Gb/s, Gigabit Ethernet applications 

at 1.25Gb/s and SONET/SDH/ATM applica- 
tions at 622Mb/s and 2.5Gb/s, Vitesse is 
attacking today’s price points with a combina- 

tion of higher circuit integration and volume 
production. 
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Optoelectronic Components 

In the context of this discussion, the term 

“optoelectronics™ refers to semiconductor cir- 

cuitry which connects an optical fiber trans- 

mission medium to an electronic system. This 

system may be analog, in the case of contem- 
porary cable TV and cellular radio distribution 

networks, or it may be digital, as in long-haul 

telecommunications and computer networks. 

However, in both analog and digital cases the 

requisite circuit requirements are very similar. 

As an example, Figure 1 shows a simple 

optoelectronic system used for digital commu- 

nications within networks of telephone switch 
arrays or computers. An optical carrier signal 

modulated by data couples into the optoelec- 
tronic system’s receiver from the fiber, and is 

detected typically by a PIN diode or an 

Avalanche Photodiode (APD). The signal- 

dependent current from the diode is then 

amplified into a usable voltage by a transim- 

pedance amplifier (TIA). Digital systems 

stream of clearly defined bits, and 

s generally achieved by further amplify- 

ing and then limiting the signal using a limit- 

ing post-amplifier. The subsequent digital sig- 

nal is then passed to a clock and data recovery 

circuit that generates a system clock synchro- 

nized with the data. This dual signal is passed 

to the system core after any required demulti- 
plexing. 

A signal transmitted by the system core 

follows the reverse path. After any required 
multiplexing the digital bit stream modulates a 

light source, typically a laser, and this light- 

wave signal is coupled to the optical fiber for 
transmission to the target receiver. 

TRANS- 
IMPEDENCE 
AVPLFIER 

\SER 
" Inmven ' 

"Light" 

Figure 1. A simple schematic of the type of optoelectronic system for digital communications 
described in this article. Vitesse plans to market all of the components shown (outside of the 
CMOS system core and the fiber) for applications at 1Gb/s and above.
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Primer on 
Communications Standards 

Keeping up with digital GaAs requires keeping 
up with telecommunications and networking termi- 
nology. Here is Vitesse's summarization of the four 
‘most commonly referenced standards in this field. 

SONET 
Synchronous Optical NETwork 

Useage: Long Haul Telephony 
Speed: 50 Mb/s to 10 Gb/s 

The basis of long-haul telecommunications systems, 
SONET is a digital transmission standard that 
defines formats that allow the integration of equip- 
ment from diverse manufacturers. SONET defines 
optical carrier (OC) bit rates from OC-1 
(51.84MbJs) to OC-192 (9.95Gb/s) that are used to 
transmit data and digitized voice. SONET is com- 
patible with SDH (Synchronous Digital Hierarchy), 
a world-wide telecommunications standard. 

ATM 
Asynchronous Transfer Mode 

Useage: Wide Area Networks 
Speed: 1.5 Mb/s and 2.5 Gb/s 

ATM is a transmission technology that defines the 
segmentation of digital signals and the routing of 
signals across a telecommunications network. 
Suitable for voice, data and video, ATM offers QOS 
(Quality of Service) such that all data arrives at a 
predetermined data rate. This ensures that telecon- 
ferencing for example, flows smoothly and with 
Voice synchronisation. 

Gigabit Ethernet 

Useage: Local Area Networks 
Speeds: 1.25 Gbls 
Gigabit Ethernet is the emerging, highest bandwidth 
standard for LAN (Local Area Network) data com- 
munications. Today’s most common standard is 

nning at 10Mb/s.  Recently Fast 
as introduced which increased the data 

rate to 100Mb/s. ATM and Fibre Channel have both 
been considered for increasing LAN bandwidths 
even further. In 1996, however, the dxul’tfi 

| Ethernet standard appeared to have garnered the 
most support as the favoured future technology for 
LAN environments. 

Fibre Channel 

Useage: Peripherals Data Storage 
Speed: 1 Gb/s 
Fibre Channel is a standard used for data communi- 
cations, such as those between computers and 
peripherals. It greatly increases the bandwidth, and 
hence speed of data transmission. Where as today's 
fastest standards such as SCSI (Small Computer 
system Interface) run at 10Mb/s, Fibre Channel runs 
at 1Gb/s. I's initial market, currently emerging, is 
in disk drives and data storage arrays. 
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Analog Amphfier Technology 

te that the core wmponenli of npto— 
electronic systems, besides the laser and the 
photodete are analog amplifiers - the 

TIA, the limiting pm!-amplifier. and the dri- , 

ver. All these COW 
b th-to-cover- est trans- 
mission rates but also the low frequencies 

generated by long sequences of zeros or ones 

encountered in some SONET/SDH frames 
For example, in a 2.5Gb/s design each com- 
ponent must have a low cut-off frequency of 

less than 30kHz and associated passband rip- 
ple of less than 1dB. 

In addition, each component has specific 
and challenging design requirements. So that 
standard optoelectronic receivers can be used 

with a wide range of fiber length, the TIA 

must compensate for greatly differing fiber 

losses using Automatic Gain Control (AGC) 

\ circuits. As well as demanding high sensitiv- 

ity, the TIA's design introduces ificant 
] demands on d\numu range and stability. A 

optoelectronic comp 
applications at and 

typical Fibre Channel TIA has a sensitivity of 
25dBm and dynamic range of over 20dB. 

Similar demands are made on the post-ampli- 
fier. In the transmitter the driver circuit must 
modulate the laser’s current with a fast 

The Vitesse Optoelectronic Product Line 

Vitesse is actively developing and testing new optoelectronic com- 

ponents for Fibre Channel, Gigabit Ethernet and SONET/SDH applica- 

tions. Already a family of integrated 1Gb/s optoelectronic receivers is 

available in volume production. More recently a family of 2.5Gb/s laser 

drivers was announced. Both the receiver and the driver families break 
the price point of high bandwidth optoelectronics by enabling less 

expensive manufacture of optoelectronic modules through either greater 
circuit integration or reduced component costs. 

In April 1995 Vitesse announced a 1Gb/s optoelectronic receiver 

(VSC7800 family) designed for Fibre Channel optical module applica- 

tions. This receiver, developed in conjunction with IBM (shown in 

is unique in that it includes the optical detector and the TIA 

on a single semiconductor die. As such, it is the world’s first commer- 

cially available, high volume integrated optoelectronic IC. For the first 
time module designers can go from light to an amplified electronic sig- 

nal using a single IC. Aside from the semiconductor technical and man- 

Figure 

ufacturing breakthrough this represents, the design enables the receiver 

IC to be integrated into the fiber connector/detector assembly. 

Integrating these components together eliminates the need for discrete 

photodetectors and TIAs, thereby reducing the part’s count of the final 

optoelectronic module. 

Assembly costs are reduced and the OE receiver printed circuit 

board is also reduced in size by up to one third. An additional benefit 
is that by placing the TIA intimately close to the detector the sensitivi- 

ty of the entire receiver is increased, enabling longer optical transmis- 
sion lengths. In short, not only does the Vitesse optoelectronic receiver 

igh bandwidth optoelectronic modules reduce manufacturing costs of hi 

but it increases their performanc 

Vitesse announced the availability of a 2.5Gb/s SONET/SDH- 

compatible laser driver IC (VSC7924/25) in February 1997. The intent 

of this design was to meet or exceed the jitter and rise time performance 
of currently used custom laser driver ICs in OC-48/STM-16 telecom- 

munications applications while reducing the price of the component to 

the point that makes volume 2.5Gb/s WAN and short-haul telecom and 
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enough rise time to enable long distance, 
error-free transmission. At 2.5Gb/s a S0mA 
drive rise time of under 100pS is a typical 

requirement. Such performance is not readily 
available from standard ICs. 

It is Vitesse's goal to deliver a line of 
standard products that meet these require- 
ments and deliver them in volume at a price 
substantially below the cost of custom 
designs. Referring again to Figure 1, Vitesse 

has set as a goal the development and volume 
manufacture of optoelectronic components 

for all applications at and above 1Gb/s, out- 
side the systems core. The supply of all OE 
and mux/demux components from a single 
vendor will lead to further simplifications in 
system design and implementation, as well as 

in component procurement. 

Figure 2. The Vitesse 7810, a 1Gb/s optoelectronic receiver which 
integrates optical detection and electronic amplification on a single 
die. 
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datacom implementations economically viable. In addition, these cir- 

cuits were to be compatible with Vitesse's extensive line of integrated 
2.5Gb/s SONET/SDH physical layer ICs that are typically used in the 

adjacent multiplexing and clock multiplier stages of the system. 

The VSC7924 laser driver delivers S0mA of laser bias current and 
an additional 60mA of programmable bias current from a single 5V sup- 

ply with a rise time of under 100pS. The eye 

Looking Out 

The OE IC demands of telecom applications such as SONET/SDH 
and ATM are slightly different from the datacom requirements of Fibre 

Channel and Gigabit Ethernet, even though the core technology require- 

ments are identical. Essentially. telecom applications that meet 

SONET/SDH specifications require a higher 

diagram of the laser driver compared to the 
SONET requirements frame is shown in Figure 
3. Note the width and clarity of the eye opening 

and the extent to which the driver exceeds the 
SONET-specified requirements at 2.5Gb/s. The 

circuit offers direct access to modulation and 
bias drive devices for precision monitoring and 
setting of modulation levels. The data input 

accepts ECL levels and the IC provides a data 

density output for use in adjusting bias settings 

during unbalanced data conditions.  The 
VSC7925, a variation of the VSC7924, provides 100ps/div 

sensitivity than datacom applications to ensure 

that longer transmission distances are safely 

achieved. 
Vitesse is developing a family of 2.5Gb/s 

OE components that meet these needs. The 

VSC7924/25 laser drivers are the first products 
to be made available. A family of compatible 

TIAs and limiting post amplifiers will also be 
delivered. 

Datacom applications typically have more 
stringent limits on power dissipation, size, and 

external component count. This is so datacom 

\\ SONET 
7 % EyeDiagral 

% Mask (0C4 

the same capability with the addition of on-chip 

clock-data re-synchronization and a duty cycle 

offset function. 

Initial sampling with telecommunications 
system vendors suggests that these drivers 

exceed their electrical performance require- 

ments. More significantly, Vitesse is able to set a new price point by 

applying its high volume, high bandwidth IC manufacturing capabili- 

ties. This will upm up availability of these components to vendors of 

mass implementation 2.5Gb/s networks. 

specification. 

How Does Vitesse Do It? 

The key to Vitesse’s ability to deliver high bandwidth OEICs in 
volume and at competitive prices stems from the underlying GaAs tech- 

nology. Vitesse’s ability to manufacture high yield VLSI GaAs ICs at 

low cost, and Vitesse's design experience in communications ICs at 
1Gb/s and above. 

While GaAs ICs are often mistakenly associated only with low 
density RF and microwave designs, Vitesse has taken the larger GaAs 
wafers and applied standard CMOS fabrication techniques to develop 

a manufacturing process that uses less process steps than CMOS but 

provides substantially greater bandwidth. Since 1992 Vitesse has 

volume manufactured VLSI GaAs ICs that integrate in excess of 

1 million transistors. This technology is used to produce the widest 

range of Fibre Channel physical layer components at 1Gb/s, the first 

Gigabit Ethernet transceiver at 1.25Gb/s, SONET/SDH/ATM physical 

layer ICs at 2.5Gb/s and. most recently, 10Gb/s SONET/SDH mux and 
demux circuits. 

Having developed an economical process for fabricating VLSI 

GaAs ICs, Vitesse is now using the same technology to produce analog 

OE designs such as TIAs and laser drivers. Using a technology that 
already delivers 10Gb/s standard product ICs provides design margins 
that enable Vitesse to easily meet technical requirements at 1Gb/s and 
2.5Gbls. Additionally, through Vitesse's experience in developing com- 
munication ICs with integrated multiplexing. clock and data recovery, 
and elock multiplication - designs which are inherently mixed-signal in 
nature, Vitesse has refined analog as well as digital aspects of its design 
and implementation capabilities. 
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Figure 3. Eye diagram for the Vitesse 7925 
2.5 Gb/s laser driver, which clearly exceeds 
the requirements of the SONET OC-48 

OE modules for computers, network switches, 

disk drive assemblies, and similar applications 

are easily and inexpensively assembled in vol- 

ume, and then run sufficiently cool in highly 

compacted final systems. The VSC7800 family 
of integrated OE receivers is designed particu- 

larly with these applications in mind. Over the coming year, compati- 

ble laser drivers and limiting post amplifiers will also be delivered. 

Ultimately the slightly varied requirements of telecom (higher sen- 

sitivity at lower volumes) and datacom applications (power, size, and 

integration) will converge. Vitesse expects that in the same time frame 

the 1Gb/s OE market will mature and the 2.5Gb/s rate will see ubiqui- 

tous use in core datacom as well as telecom networks. With this in 
mind, Vitesse is increasing levels of integration among the OE compo- 

nents and between the OE functions and other digital physical layer 

circuits. Given our ability to deliver such parts at low cost, coupled 

with volume manufacturing, Vitesse expects to significantly change the 

price point of high bandwidth OE components and enable the more 

rapid growth of optoelectronics in 1Gb/s and 2.5Gb/s communications 
markets. 

We've Moved! 
The editorial offices of Compound Semiconductor 
have been relocated to Danvers, Massachusetts. 
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Compound Semiconductor Magazine 
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Liberty Square 
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FAX [1] 508 750 9740 

email: info@compsem.com 

We have a position open for an editor at the new 

location. Please see our ad on page 56 
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Research Review 
The following is a sampling of recent papers in the compound semiconductor field, com- 
piled by the staff of Compound Semiconductor from a variety of international journals. 

Electronic Circuits and Devices 

94 GHz High Power InGaAs/InAlAs/InP HEMT Amplifier 
Y.C. Chen et of, IEEE Microwave and Guided Wave Letters, 7(5), 133 [May 1977]. 

Band high-power MMIC amplifiers are reported on which were fabricated using 0.15 jim gate length 
InGaAs/IAIAS/InP HEMTS. Optimum output power was obtained by varying the gate recess depth, 

during which g,, dropped from 900 to 680 mS/mm, while I,,, increased from 450 to 650 mA/mm. The gate 

recess etch was optimized to produce a device for which the peak g,, occurs at a gate voltage of -0.1 to -0.15 
V. Using this structure, a 640 um single stage MMIC amplifier was fabricated which produced an output 
power of 130 mW with 13% PAE and 4 dB associated gain at 94 GHz. This result represents the highest 
output power to date measured from a single fixtured InP-based HEMT MMIC at this frequency. Work per- 
formed at TRW [Redondo Beach, CA] and Wright-Patterson AFB [OH]. 

6H-SiC Implanted P-Well CMOS ICs 
S. Ryu et al, IEEE Electron Device Lefters, 18(5), 194 [May 1997]. 

Because of the large bandgap of SiC (3.0 eV for the 6H polytype), CMOS technology based on this mate- 
rial system is expected to provide low-power, high temperature tolerant circuits. One of the major chal- 

lenges for SiC-based CMOS has been to reduce the threshold voltages of the PMOS devices. By utilizing 
an ion implanted p-well process, devices were fabricated which exhibited threshold voltages of -7.6 V for 
PMOS (a large improvement as compared to the -17V threshold voltage previously obtained in an n-well 
process). and 2.5 V for NMOS. The p-wells are formed on Si-face, n-type epilayers doped at 8x10'¢ cm 
by boron implantation, to create p-type regions that have an acceptor concentration of 1x10'7 cm™ near the 
surface. Using this process, a wide range of circuits were fabricated, including inverters which showed sta- 
ble operation at temperature up to 300°C, NAND, NOR. XOR. flip-flops, half adders, and an 11 stage ring 
oscillator which operated at 50 kHz with a Vy, of 10 V. These are the first reported p-well CMOS circuits 
fabricated in 6H-SiC. Work performed at Purdue University [West Lafayette, IN]. 

AlGaN/GaN Double Heterostructure Channel MODFETs 
Zhifang Fan et al, Electronics Letters, 33(9), 814 [24 April 1997]. 
AAlGaNlGaN double Heterostructure MODFET is reported. in which Si-doped AlGaN donor layers are 

inserted both above and below a 70 A GaN channel. As determined by Hall effect measurements, this 
double doped structure exhibited a channel mobility of 304 cm*/Vs and a sheet carrier density of 3.7x10'* 
cm?. Fabricated with 1.5-1.75 pm gate lengths, these MODFETSs exhibited record channel currents and 
transconductances of 1100 mA/mm and 270 mS/mm, respectively, where these large values can be attrib- 
uted to the large sheet carrier density in the channel. Near pinch-off, the drain breakdown voltage is 80 V. 
These devices also exhibited excellent high temperature characteristics, operating at a temperature of up to 
500°C. at which the maximum drain current was reduced to 380 mA/mm and the transconductance to 70 
mS/mm. Work performed at the University of Illinois [Urbana-Champaign, IL]. 

A 277-GHz fmax Transferred-Substrate HBT 
B. Agarwal ef al, [EEE Electron Device Letters, 18(5), 228 [May 1997]. 

One of the major rate limitations for improvement in f,, of an HBT is that of the collector-base capaci 
tance. In order to reduce the collector-base junction area, which in turn reduces the junction ca 

tance, a transferred substrate process has been developed which permits the fabrication of both narrow and 
aligned collector-base and emitter-base junctions. An AllnAs/GalnAs HBT is fabricated with aligned 
0.7 um emitter and 1.6 pm collector stripes. This HBT incorporates a 500 A GalnAs base which is Be doped 
at a level of 5x10" em, and a 3000 A GalnAs collector which is Si doped at a level of 1x10'° cm™. The 
device shows a small signal current gain of 27, and a breakdown voltage, BVcgo, of 2V. Due to the reduced 
junction capacitances, and the reduced transit times as a consequence of the thin base and collector thick- 
nesses, these HBTs exhibited an extremely high f,,, of 277 GHz and an f, of 127 GHz. Work performed at 

the University of California [Santa Barbara, CA]. 
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RESEARCH REVIEW 

Quantum Dot Lasers 
Comparable with the Best 
Quantum Well Lasers 

N.N Ledentsov et al, Appl. Phys. Lett. 70 

(21), 2888 (26 May, 1997), andA.E. Zhukov, 

Electronic Materials Conference, Ft.Collins, 
CO, 25 June, 1997]. 

sidered to be the way of the future for semi- 
uctor laser diodes. Just as quantum well 

(QW) lasers represented a large improvement over 

double heterostructure lasers, it is hoped that the 
development of practical QD lasers, which provide 
even better confinement of carriers, will result in 
large gains in performance. It is believed that QD 

lasers will offer lower thresholds, higher differen- 
tial gains, higher modulation speeds, and less tem- 
perature sensitivity. 

But QD laser performance currently lags 
behind, largely because the technology is much 
newer and less developed than QW laser technolo- 
gy. However, a recent German/Russian collabora- 
tion demonstrates QD lasers with characteristics as 

200d as those of the best previously reported QW 
results. The best laser in this study had a continu- 
ously grown active layer with average thickness 
and composition values of 70A and Gayglny,As, 
respectively. Plan view transmission electron 
microscopy showed, however, that these values 
were just averages - significant lateral modulation 
in thickness and composition occurred during the 
MOCVD growth. These TEM images resembled 
those of MBE structures that were intentionally 
grown as quantum dots. The laser characteristics 
were very impressive: threshold current density as 
low as 43 A/em?, ew output power of 3 W, pulsed 
output power of 15'W, and a total conversion effi- 
ciency of 52%. 

Some of the quantum dot lasers examined 
exhibited a curious effect, a negative value of the 
characteristic temperature, T,. This means that the 
threshold current of the device decreases with 

increasing temperature. The negative values of T, 
oceur at low temperature (~150K). The explana- 
tion was based on a non-equilibrium trapping of 
carriers in QD's with a range of energies. As the 
temperature is increased, carriers can be redistrib- 
uted between different QD's and occupy the states 
with the lowest energies. A key aspect of the 
design of these lasers is the incorporation of the 
QD's in a matrix of an AlGaAs rather than GaAs. 
The AlGaAs matrix doubles the confinement ener- 
2y of the QD's enabling a reduced threshold and a 
factor of 3 improvement in output power. 

Work performed at AF. Ioffe Physico- 
Technical Institute (Russia), Institut  fur 
Festkorperphysik. Technische Universitat Berlin 
(Germany) and  Max-Planck-Institut ~ fur 
Mikrostrukturphysik, (Germany). 

Qummm dot (QD) lasers are sometimes con- 

con 
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Optoelectronic Devices 

Quantum Dot VCSEL with Stable Polarization 
H. Saito et al, Elecironic Materials Conference, Ft.Collins, CO, 25 June, 1997]. 

onventional vertical cavity surface emitting lasers (VCSEL's) are circularly symmetric 
Cilmcl\lrcs with no preferred direction to select the polarization of the output emission. 
Usually, the output is linearly polarized. but the direction may be random and may change with 
drive current. A recent report shows that the use of asymmetric quantum dot (QD) active 
regions in VCSELS solves the problem. An examination of In(Ga)As QD's grown by MBE on 
GaAs (100) substrates showed that the dots are nearly twice as long along the [011] direction 
as along the perpendicular [011] direction. Photoluminescence (PL) from the QD's was polar- 
ized along the [011] direction by a factor of about 1.4, whereas PL from other layers in the 
structure was unpolarized. A batch of 20 QD VCSEL's was examined - every laser was polar- 

ized along [011], with the opposite polarization suppressed by 18 dB. Work performed at NEC. 

Integrated QWIP / LED Infrared Up-Converter for Imaging 
LB. Allard et al, Appl. Phys. Lett. 70(21), 2784 [26 May, 1997]. 

licon CCD two dimensional detector arrays for IR imaging are efficient and relatively 
inexpensive. They operate out to wavelengths slightly longer than | pm. For longer wave- 

length i applications, 2D photodetector arrays constructed of InSb, HgCdTe or GaAs- 
based Quantum Well infrared photodetectors (QWIP'S) are required. These longer wavelengths 
imaging arrays are quite expensive and require hybridization with silicon readout circuits. An 
attractive alternative is to convert the longer wavelength IR photons to near IR photons, then 
use a silicon CCD array to do the imaging. A convenient wavelength converter was recently 
reported that consists of an IR GaAs / GalnAs LED epitaxially grown on top of an 
AlGaAs/GaAs QWIP. Wavelengths in the range of 7-8 um are absorbed in the QWIP and cre- 
ate a photocurrent that turns on the LED, producing 875 nm wavelengths. The QWIP is con- 
structed of p-type quantum wells to enable normal incidence operation. Work performed at the 
National Research Council, Canada. 

High Power, Low Threshold Diode Lasers Operating at 2 pm 
D.Z. Garvuzov et al, Appl. Phys. Lett. 70(22), 2931 [2 June, 1997]. 

iode lasers at 2 pm wavelengths are needed for pumping lasers such as Ho-doped YAG's 
Record performance for a 2 um laser was recently reported. At 10 - 15°C, the ew output 

power was 1.9 W, threshold current density was 115 A/em? and the differential quantum effi- 
ciency was 53%. The device was constructed of MBE AlGaAsSb / InGaAsSb materials grown 
on GaSb substrates. A key aspect of the design of these devices is the use of a broadened wave- 
guide to decrease the free carrier losses. which are more severe than in shorter wavelength 
lasers. Work performed at Sarnoff Corporation. 

A New Trpe of Quantum Cascade Laser 
CH Lin et of, Elec. Lett. 33(7) [27 March, 1997] 

he original quantum cascade (QC) laser developed at Bell Labs involved intersubband tran- 
sitions within the conduction band of quantum wells (QW's) Among its advantages are 

the use of well developed. robust I11-V materials to produce mid-IR wavelengths. A difficulty 
of this structure is that the radiative intersubband transitions have stiff competition from very 
efficient non-radiative intersubband transitions. A recent report introduces a new type of QC 
laser.that uses type-Il interband transitions. Since non-radiative, phonon-assisted energy relax- 
ation is very rapid for intersubband transitions, but several orders of magnitude slower for 
interband transitions, the radiative efficiency of this new type of QC laser should be superior. 
The first demonstration of this type-IT QC laser was implemented in InAs/(In)GaSb/(In)AISb 
type-ILQW's grown by MBE. Laser emission occurred at 80 - 170K at a wavelength of 3.8 um 
with a threshold current of 2 A. Work performed at the University of Houston and Sandia 
National Laboratories. 



RESEARCH REVIEW 

Compound Semiconductor Materials 
Photoconductivity Study of Deep Levels in GaN 
C.H. Qivetal, Appl. Phys. Lett. 70 (15), 1983 [1997 

hotocurrent decay in GaN thin films was studied in the time span from a few seconds to several days 
‘The persistent photoconductivity (PPC) behavior was observed not only in Mg-doped p-type GaN films 

but also in undoped r-type GaN films. The photoconductivity spectra and the photocurrent response time 
were measured using a weak probe light at several times after the samples had been kept in the dark. During 
the relaxation, the photocurrent due to the sub-bandgap probe light decreased more than the photocurrent 
due to the UV probe light. It is suggested that metastable centers at 1.1, 1.40, and 2.04 eV above the valence 
band edge are responsible for the PPC behavior in Mg-doped GaN, and that Ga vacancy is the candidate for 
PPC effect in n-type GaN. Work done at Astralux Incorporated, Boulder CO. 

Step-Free InAs Monolayer Quantum Well on (111)B GaAs 
T. Nishida et al, Appl. Phys. Lett. 70 (20), 2726 [1997] 

n InAs/GaAs quantum-well structure was selectively grown by metalorganic vapor phase epitaxy on a 
GaAs (111)B substrate with a SiO2 mask. The precursors were TEGa, TEIn and arsine. A 100 nm thick 

and 8 um diameter step- free GaAs buffer layer was first grown at 800°C, and a step-free monolayes 
was then grown on this surface at 650°C. For the growth of InAs, TEIn was supplied in five per 
es of nominally 1/6 ML. Each TEIn pulse duration was 1 s, and its period was 3 5. The pulse supply pro- 
cedure was found to eliminate two-dimensional nucleation attributed to a high surface concentration of indi- 
um atoms. To eliminate indium segregation during the capping procedure, the InAs layer was buried by 
GaAs under a stable As-rich condition. The formation of a step-free InAs monolayer quantum well was con- 
firmed by ex situ atomic force microscopy, and by spatially resolved photoluminescence measurements 
Work done at the NTT Basic Research Laboratories, Japan. 

Au-Ag/Ni/Te Multilayer Low-Offset Contact to p-Type ZnSe 
S. Yoshii et al, Jpn. J. Appl. Phys. 36 (4A), 1386 [1997]. 

Ane\\ approach for the formation of a p-type contact to ZnSe is reported. The multilayer contact scheme 
consists of 5 nm of Te, 10 nm of Ni, and 120 nm of a Au-Ag alloy (80:20) where all layers were ther- 

mally evaporated. When annealed in nitrogen at 250°C for 5 min., the contacts showed a significantly 
reduced I-V curve voltage offset of 3 V compared to the 9 V offset achieved with Au/Pd contacts. Cross- 
sectional TEM and electron probe microanalysis revealed the formation of a NiZnSe amorphous layer 
between a polycrystalline NiTe and the p-ZnSe material. The reduced offset voltage is attributed to the pres- 
ence of both the amorphous layer and of a heavily doped layer due to Ag diffusion at the contact interface. 
Work done at the Matsushita Electric Semiconductor Research Center, Japan. 

Dlrecl Photoetching of SiC by Multiwavelength Laser Ablation 
J. Zhang et dl, Appl. Phys. A 64, 367 [1997]. 

ingle crystal silicon carbide is characterized by low etching rates because of its large binding energy. 
Some of the highest reported etching rates (7.5 nmys) have been achieved by ma 

ciching. A much faster etching rate of 35 nm/s was achieved by simultancous irradiation of VUV-266 nm 
multiwavelength beams from a VUV Raman laser shone through a Ni contact mask with a 1 Hz repetition 
rate. SEM and SPM measurements revealed well-defined patterns with sharp sidewalls and flat bottoms, 
and XPS analysis indicates that etched samples have a stoichiometry similar to that of virgin SiC material 
Work done at the Institute of Physical and Chemical Research (RIKEN), Japan 

High Temperature Annealing of InN, GaN, AIN and Their Alloys 
J. Hong et al, Solid-State Electr. 41 (5), 681 [1997]. 

H\gl\rmnpcmlulc rapid thermal annealing is used in several process steps during the fabrication of 
nitride-based devices. The powders of InN and AIN were compared as methods for providing a nitro- 

gen partial pressure within uphm susceptor for the high temperature annealing of nitride compounds. 

The AIN powder provides adequate surface protection to 1100°C for AIN, >1050°C for GaN, 600°C for InN, 
and ~800°C for the ternary alloys. Although the InN powder provides a higher nitrogen partial pressure than 

AIN powder, the evaporation of In above 750°C is sufficiently high to result in the condensation of In 
droplets on the surfaces of the annealed samples. Work done at the University of Florida (Gainesville), 
Sandia National Laboratories (Albuquerque. NM), and Lucent Technologies (Murray Hill, NJ). 
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Mid-Term Report 

In which we see how our stocks have done 
in the first six months of 1997. 
But first, we welcome a newcomer. 

MARIE MEYER 

RFMD IPO Receives Warm Welcome 

he initial offering from RF Micro Devices received a warm welcome on Wall 
I Street in June. RFMD's shares were priced at $12 each. which was above the 

expected range of $9 to $11. and the shares closed over $15 on June 3, the first 
day of trading. Since then the stock’s price has made steady progress. closing over 
$20 on July 3. 

The size of the offering was increased to 3 million shares from the originally 
planned 2.5 million shares. Proceeds from the offering will be used to complete the 
$50 million GaAs HBT fab currently under construction in Greensboro, NC. and for 
product development and working capital. 

TRW. which is REMD's partner in HBT product development, owns 31.1% of 
the outstanding shares of RFMD. 

The warm welcome should not come as a surprise. The company has shown 
remarkable growth over the past 3 years. In fiscal year 1995. sales were just $1.69 
million; in 1996 they reached $9.5 million, and in 1997 they topped $28.8 million. 
Profitability is also much improved, reaching $1.65 million ($0.06/share) in 1996, 
compared to a loss in the previous two years. 

Analysts at the firm of Hambrecht & Quist started coverage of RFMD with a 
buy rating. This was something of a "gimme", given that H&Q underwrote the offer- 
ing. Nevertheless. the company did forecast earnings of $0.44/share on revenue of 
$52.7 million in fiscal 1998, rising to $0.66/share on revenue of $98.7 million in 
1999, with long term growth exceeding 30% annually. 

Last 52 Weeks Closing Price 
Symbol  Exchange Lo June 30 n 2 

AHA AMEX 512 | 85/16 8 
IAL NASDAQ | 3758 14 31 2511 

NASDAQ 63/4 41/4 53/4 412 

 NASDAQ | 2034 | 1084 | 2938 | 1678 
NASDAQ 16 172 8 1/4 1212 105/8 

| NASDAQ | 1578 | 814 1214 | 1058 
NASDAQ 19172 91/4 16 13/16 10 5/16" 

oT 338 1132 e | 96 
NASDAQ | 163/4 7 155/ 11508 
NASDAQ | 2614 | 10788 18 2 
oTC 2 3/8 7116 1116 

 NASDAZ | 1878 | 1412 | 1918 | 155116 
NASDAQ | 29172 8 1918 | 2458 

| naspaa 10 4 434 7 
NASDAQ 512 | 214 5 238 

CTONT | NASDAQ | 4034 | 1558 3438 | 2738 
V1SS NASDAQ 3838 118 321116 2818 

* Closing price on first day of trading: 3/6/97 for EMKR, 6/3/97 for RFMD 

- = Over 100 
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# = Loss in most recent 4 quarters. 
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Shares in REMD rose from $15 to $20 in the first month 
of public trading. 
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Shares in Anadigics, TriQuint and Vitesse have risen 
around 400% since Anadigics' IPO in April, 1995. 

But there are a few question marks surrounding 
RFMD. The biggest is whether they can quickly and effi- 
ciently start up their new fab, the first in the world to be 
dedicated to HBT manufacturing. Then, of course, they'll 
have to prove they can compete with silicon and GaAs 
MESFETs. RFMD also needs to find some new cus- 
tomers. As we reported in our last issue (CS 3(3), p. 32), 
the company recently lost its biggest customer. 

Qualcomm, because it could not meet 
their requested delivery times and quanti- 

counted ty requirements. Qualcomm ac 
hange Ratio for 32% of RFMD's sales Iz 
+4% + Another former big customer. Ci 
+22% 31 Microwave. recently went bankrug 
+28% + company, which used REMD circui 
+74% 700 cordless phones, accounted for nearly 
8% | 25  12% of REMD's sales in fiscal 1996, 
+15% 7 Nevertheless, it is likely that REMD 
+63% 7% will enjoy something of a honeymoon 
89% 0 with stock analysts, if for no other reason 
T o than the likelihood of comparison with 

the other independent GaAs fabs, which 
‘"32“ 20 pave proven to be excellent investments. 
=35% *  Collectively, shares in Anadigics, 
+25% = TriQuint and Vitesse have risen around 
-22% 46 400% in the past two years (see chart, 
-32% * above). RFMD may not be bullish on 
+111% ¢ MESFET technology. but it certainly 
+26% 42 shouldn't mind being mentioned in the 
+16% 52 same breath as these companies, at least 

for the time being.



PORTFOLIO 

Mi 

t the half-way mark for 1997, the 

Ashm'es of the Portfolio companies are 
up 16%." This is a little better than the 

NASDAQ composite?, which is up 13%. but 
not as good as the Semiconductor Sector 

Index?, which was up 28% in the same period. 
Of the 16 stocks, there were only five 

decliners. They included our two over-the- 

counter issues, Power-Spectra (PWSP) and 

International Semiconductor (ISSM). The lat- 
ter has become virtually worthless since the 
announcement that the company was shutting 
down its current operation (see page 23). The 

other decliners were all optoelectronics com- 
panies: Ortel, SDL, and Semiconductor Laser 

International. - Collectively, these three were 
down 22% for the period. While SLI's down- 
turn has been of the slow and gradual type, 

apparently brought on by lack of interesting 

news and some sell-offs by former employees, 
SDL and Ortel have taken investors on more 
of a wild and wooly ride. Neither is currently 

a good investment for the feint of heart. For 

example: disappointing Ist quarter results 

(earnings of $0.04 per share compared to 
$0.18 per share for year-ago period) drove 

SDL all the way down to $10 in mid-April, but 
the price then more than doubled in the fol- 

For the purposes of this discussion, we excluded Emcore 
and RFMD from the Portfolio, as they did not begin pub- 
lic trading until after January 1, 1997. 

We use the NASDAQ composite as a reference point 
instead of more common standards like the S&P 500 
because the large majority of the Portfolio stocks are trad- 
ed on the NASDAQ. 
! The Semiconductor Sector Index is compiled by the 
Philadelphia Stock Exchange. It is composed of issues 
from 16 U.S. companies such as Motorola, Intel, TI, 
Novellus, Micron, Applied Materials etc. that are primar- 
ily involved in semiconductors or semiconductor equip- 
men. 

d-Term Report 

lowing weeks. And while Ortel's results have 

been closer to the mark, management has 

warned of slow growth for a few quarters due 

to a drop-off in orders for cable television 

products - touching off a 33% decline in a sin- 

gle day. The company has since made up 
about half of the lost ground, but is still down 

$4 from the first of the year. 

There was better news from the GaAs IC 
manufacturers, where Anadigics, TriQuint and 

Vitesse continue their pink bunny routine - 
they just keep going, and going. They are up 

an average of 21% since January. 
But the biggest gainers of all come from 

the somewhat less glamorous materials and 
equipment area. Thinly-traded Spire was up 

111% for the period, on the basis of some 
improvement in revenue and earnings. And 
ATMI was up an impressive 74% for the peri- 
od. This apparently represents an endorse- 
ment of the company's strategy of growth-by- 
acquisitions. ATMI has announced two such 

s 50 far this year: in April their NovaMOS 
on acquired Advanced Delivery & 

Chemical Systems in a stock swap valued at 
$92 million; and then in May their Epitronics 

division merged with Lawrence 
Semiconductor in a $78 million deal. 
Lawrence specializes in silicon CVD epi. 

Of course, it also helps that ATMI has 

turned in some good numbers recently - their 
first quarter earnings were more than double 
those of the year-ago period ($1.1 million on 
sales of $12.4 million, compared to $469,000 

on sales of $10 million for the first quarter of 
1996). And there is nothing like good profits 
for keeping investors happy - ATMI closed the 
first half of the year by trading at an all-time 

high. 

First Half 1997 Results 
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Composite results for the first half of 1997. GaAs Group = AHA, ANAD, CLTK, TONT & 
VT 
ISSM, KOPN, PWSP. SPIR. 

Opto Group = APAT, CREE, ORTL, SDLI, SLIC; Materials/Other Group = ATMI, 
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A new era: 

SiC high-frequency 

electronics 

Regardless of whether 

we Te talking about cellular 

phone or space communi- 

cation, silicon carbide makes 

it possible to develop more 

robust components for higher 

power, higher frequencies, 

and for more powerful 

applications. 

You can see the opportu- 

nities offered by silicon 

carbide. We listen to your 

needs and tailor make the 

equipment you need for 

tomorrow's silicon carbide 

electronics. 

Contact us and we will tell 

you more. Start by reading 

our World Wide Web pages. 

EPIGRESS 
Ideon Science & Technology Park 
SE-223 70 Lund, Sweden 
Telephone +46 46 16 89 80 
Fax +46 46 16 89 81 
www. hitp:/www.epigress.se



CALENDAR 

UPCOMING EVENTS 

Recent Advances in Microwave Technology 
August 4-7 in Beijing, China 
Contact: Prof. Banmali Rawat 
Univ. of Nevado, Reno. 
TEL [1] 702 784 1457 FAX (1] 702 784 6627 
NET rawat@ec.unred 

IEEE Summer Topical Meetings 
August 11 - 15,1997 in Moneal, Cansd: GaN Materals, 
Processing, 4nd Devices: Vertcal-Cavity  Lasers, 
Technologies for a Giobal Informaion Infrastructure; 
WDM_ Components  Technology: and ~ Advanced 
Semiconductor Lasers and Applcations 
Contact. IEEE/LEOS 97 
TEL[1] 908 562 3897 FAX (1] 908 562 8434 

8th Int'l Cont. on I1-VI Compounds and Devices 
August 2529, 1097 in Grenoble. France 
Contact: Le §i Dang 
11V Conference Secrtariat 
FAX:33:76 51 45 44 
Netor Web: lesidang @spectro grenet fr 

ICSCIILN 97 
August 31 - Sepiember  in Stockbolm, Sweden 
Contact: Prof E Junzin 
Linkoping Universty 
TTEL (46] 13281 797 FAX [46] 13 14 
NET erj@ifmluse 

LV Nitride Materials and Processes 
Symposium 
August 31 - September S in Paris, France. 
Contact: Elecrochermical Society 
TTEL {1] 609 737 1902 FAX 1] 609 737 2743 

Net: ecs@clectrochemorg 
Web hp\wwwlectrochem orglmeeings/ 

Sth European GaAs Applications Symposium 
Seplember 3-5, 1997 in Bologna, laly. 
Contact: Prt. Vito A Monsco 
University of Balogns 
TEL [39]'51 644 3030 FAX [39] 51 644 3073 
Net: gusd76deisuniboit 
Web: bt micrel des b i-cel/ 

24th Intl Symp. on Compound Semiconductors 
Setember 7- 11, 1997 in San Diego, CA. 
Contact: IEEEILEOS 
TEL [1] 908 981 0060 FAX (1] 908 981 0027 
Net ot Web: hupluciano stanford edu/ISCS 

Int' Conf. on Secondary fon Mass Spectrometry 
September 7-12, 1997 at Disney Worl (Orlando, FL), 
Contact: Judith 
TEL{1] 505 989 e 35 FAX [1] 505 989 1073 

6th Int'l Conf. on CBE and Related Growth 
Techniques 
September 8-10, 1997 in Montreux, Switzerland. 
Contact: Dr. Alok Rudra 
‘Swiss Federal Institute of Technology 
FAX [41] 21 693 54 90 
Net or Web: rudra@eldpepflch 

If you would like your conference 
to be included in future issues, send 
the appropriate information by E 
mail to calendar@compsem.com, 
or by FAX to [1] 508 750 9740, 
attention “Calendar” 

Contributions must be received 
by August 28 to appear 

in our next issue. 

Microwaves, RF & Communications 
Technologies 
The 1997 Microwaves. RF & Communications 
Technologies Conference will be held September 
30 - October 2, 1997 at the Wembley Conference 
and Exhibition Centre, London, England. This is 
an annual international conference and exhibition 
for companies involved in RF, microwave and mil- 
limetre wave: components and application tech- 

: Debbi Mitchell 
Nexus Media Ltd. 
Nexs House: 
Swanley, Kent BRS SHY UK 
TEL [44] 1322660 070 

16th North American Conference on 
Molecular Beam Epitaxy 
NAMBE 16 will be held October 5-8, 1997 at the 
University of Michigan in Ann Arbor. Topics will 
include but are not imited to:advances in MBE, 
CBE, etc. growth techniques; in-itu measurement 
and control; deposition of new materials; het- 
erostructures; pattemed and selective arca growth; 
devices and novel concepts; production MBE tech- 
nology 
Abstract Submission Deadline: TBA 
Contact: Pallab K. Bhattacharya 
University of Michigan, Dept. O EE & CS 
1301 Beale Ave. 
Ann Arbor, MI 48109 USA 
TEL [1] 313 763 6678 
FAX (1] 313 763 9324 
Netor Web: pkb@eecs.umich.edu 

1997 IEEE GaAs IC Symposium 
The 1997 IEEE Gads IC Symposium will be held 
October 12.-15 1997 in Anzheim, CA. Covera 
embraces all aspects of the technology, f 
rials isues and device fabrication through IC 
design and testing. high volume manufacturing ans 
systems applications 
Abstract Submission Deadline: May 2, 1997 
Contact: Jaclene Berry 
IEEE 
445 Hoes Lane 
Piscataway, NJ 08855 USA 
TEL (1] 908 562 3875 
FAX (1] 908 981 0538 
Net: jberry @icee.org 
Webs htpiwww eece.umich.edu/VLSUGAASIC 

2nd Int’l Conf. On Nitride 
Semiconductors 

ICNS 97 will be held October 27 - 31, 1997 in 
Tokushima, Japan. This is the successor 10 two 
1995 conferences: the Topical Workshop on [11-V 
Nitrides held in Nagoya and the Int'l Symp. On 
GaN and Related Materials held in Boston. The 
objective of this conference i 10 provide a forum 
for active nitrde researchers (o exchange their 
Knowledge by presenting their laest results and by 
camying out n-depth technical discussions. 
Absiract Submission Deadline: May 31, 1997 
Contact: Dr. Sadafumi Yoshida 
Electrotechnical Laboratory 
114 Umezono 
Toukuba, Ibaraki 305 Japan 
TEL (81] 
FAX [81] 
NET icns-inguiry @cee tokushima-u.ac.j 
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1997 U.S. Workshop on the Physics and 
Chemistry of T1-VI Materials 
The 1997 11-VI Workshop willbe held October 21- 
23, 1997 at the Red Lion Resort in Santa Barbara, 
CA. Areas covered include a broad range of disci- 
pines: maerials enginering, intinsic and extrin- 
sic defects including doping, surface scence, man- 
ufacturing/processing, electrical, optical, and mag- 
neto-optical properties as well as interactions 
between them. 

Abstract Submission Deadline: May 1, 1997 
Contact: 1997 1I-VI Workshop 
Palisades Insiiute 
201 Varick Street, Suite 1006 
New York, NY 10014 USA 
TEL [1] 212 620 3371 
FAX (1] 212620 3379 
Net: jmorreal @newyork palisades.org 

44th National AVS Symposium 
The 1997 AVS National Symposium will be held 
October 20-24, 1997 in San Jose, CA. AVS 
Technical Divisions include:  applied surface sci- 
ence; nanometer-scale science and technology: sur- 
face science; vacuum metallurgy: electronic mate- 
rial and processing; plasma science and technolo- 
oy; thin film; and vacuum technology. 
Abstract Submission Deadline: May 1, 1997 
Contact: Angela Mulligan 
AVS 
120 Wall Sreet 
New York, NY 10005 USA 
TEL [1] 212 248 0200 
FAX [1] 212 248 0245 
Net: angela@vacuum org 
Webshitp//wwwvacuumorg 

1997 International Electron Devices 
Meeting 

IEDM 97 will be held December 7 - 10, 1997 in 
Washington, DC. A special emphasis on RF 
devicesis planned for this year's meeting. Papers 
are tequested in all areas of quantum electronics 
and compound semiconductor devices. Other areas 
of interest are: CMOS devices and reliabiliy; 
detectors, sensors and displays; device and inter- 
connest technology; integrated circu 
‘and simulation, and solid tate dvics 
Abstract Submission Decline: June 30, 1997 
Late News Deadline: September 17, 1997 
Contact: Phyllis Mahoney 
IEDM Conference Office 
101 Lakeforest Boulevard 
Suite 270 
Gaithersburg, MD 20877 USA 
TEL: 1] 301 5270900 
FAX [1] 301 527 0994 
Net or Web: pwmahoney @aol.com 
hip:/fwww eee.org/conferenceliedm 

1997 International Semiconductor Device 
Research Symposium 
ISDRS ‘97 will be held December 11, 12, 13, 1997 
in Charlottesville, VA (following 1EDM in 
Washington, D. C.). The Symposium will emph- 
size fundamental concepts in novel devices and 
advanced processing technologies, Participation of students and foreign researchers is srongly encour- 
aged. Original papers are solicted i the follow 
areas: Novel Semiconductor Device Ideas and Concepts, Material and  Device Characterization Techniques, Microwave and Millimeter Wave Devices, Wide Band Gap (SIC, GaN, ZnSe, eic.) Devices, High Speed Electronics, 

High Power Semiconductor Devices, 
Nanoclectronics,  Micro-clectromechanical 
(MEMs) Devices, New Dielectric and Interconnect 
Approaches, SiGe(C) Devices and Circuits, 
Photonics and Optoelectronics, Simulation and 
Modeling, New Device Fabrication Technologies. 
Abstract Submission Deadline: August 29, 1997 
Contact: William C. B. Peatman, Program Chair 
Department of Electrical Engincering 
Thornton Hall 
University of Virginia 
Charlottesville, VA 22903-2442 USA 
TEL: (804) 9794103 
FAX: (804) 979-: 
Net: wepdb@Virginiaedu 
Web: htp://www.ee.virginia.edw/AEPL/isdrs html 

2nd Int'l Conf. On Nitride 
Semiconductors 

ICNS '97 will be held October 27 - 31, 1997 in 
Tokushima, Japan. This is the successor 1o two 
1995 conferences: the Topical Workshop on IV 
Nitrides held in Nagoya and the Int| Symp. On 
GaN and Related Materials held in Boston. The 
objective of this conference is to provide a forum 
for active niride researchers to-exchange their 
knowledge by presenting their latestresults and by 
camying out n-depth technical discussions, 
Abstract Submission Deadline: May 31, 1997 
Contact: Dr. Sudafumi Yoshida 
Electrotechnical Laboratory 
1-14 Umezono 
Teukuba, Ibaraki 305 Japan 
TEL [81] 298 54 5220 
FAX [81] 298 58 5434 
NET icos-inquiry @ece tokushima-u.ac.jp 

1998 IEEE Int'l Solid-State Circuits 
Conference 
1SSCC 98 will be held February 5-7, 1998 in San 
Francisco, CA. The theme of this year's meeting is 
“Global Communications”. Original papers are 
solcited in subject areas including but not limited 
10 the following: analog, communications, digia] 
and memory circuit; sensors, imagers & displays: 
signal processing; and technology directions, 
Abstract Submission Deadline: September 5, 1997 
Contact: ISSCC 98 

S W. Suite #710 
Washington, DC 20036 USA 
TEL [1] 202 973 8667 
FAX [1]202331 0111 
NET isscc@courtesyassoc.com 

10th Int'l Conf. On InP and Related 
Materials 
IPRM ‘98 will be held May [1-15, 1998 in 
‘Tsukaba, Japan. The scope of the conference will 
include optoelectronics, electron devices, process- 
ing. cpitaxy, bulk growth and characterization, and. 
new materials and nanostructures 
Abstract. Submission Deadline: 
1997 
Contact: IPRM 98 
[EEE/LEOS 
445 Hoes Lane 
Piscataway, NJ 08854 USA 
TEL (1] 908 562 3896 

X [1] 908 562 8434 
ET msarcone @calypsoicce.org 

November 25, 



The PLAN TO ATTEND! 

24th I t t' I he International Symposium on Compound Semiconductors 
n erna lo“a is the preeminent conference in the IlI-V, II-VI and IV-IV semi- 

conductor field. As compound semiconductors continue to grow 
s = in importance in the commercial marketplace, ISCS provides a 

ym poslum on unique opportunity for researchers from industry and academia 

to gather and explore issues that are common among all com- 

c d pound semiconductor materials systems, including materials 
ompoun synthesis, characterization, device design and processing, and 

applications. 
= 

semlco“ductors This year's ISCS is being held at the fabulous Hotel del 

Coronado in San Diego, California September 7 -11. This 700- 

room resort hotel is a National Historic Landmark and one of the 
world's most picturesque hotels. It stretches from the breakers 

September 7- 11, 1997 of the Pacific to the cityscape of the San Diego Bay, in a water- 
Hotel del Coronado front setting that's a landmark in its own right. 

San Diego, California Device and materials sessions include: 
Quantum Dots 

Visible Emitters 

Resonant Tunneling Devices 

Heterostructure Transistors 
Optoelectronics and Microwave Devices 

Nanophotonics 

Compliant Substrates 

GaN and Related Compounds 
Modeling of Devices and Structures 

Epitaxy for Low-Dimensional Structures 

Phosphide, Antimonide and Thallide Growth 

Sponsored by: 
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For further information please contact: 

Mike Melloch 

Purdue University 

1285 Electrical Engineering Bldg. 

West Lafayette, IN 47907-1285 USA 
TEL [1] 317 494 3528 
FAX [1] 317 494 6441 
email: melloch@ecn.purdue.edu 

As well as characterization and processing sessions: 

Electrical Characterization 
Optical Characterization 

High-Resolution Structural Characterization 

Novel Characterization Techniques 

Processing - Oxidation 

Etching 

Passivation and Growth Issues * 
b
 
% 

A 
A 
%
 

More information on ISCS-24, including the complete advance program, can be found on 

the WWW at the following locations: 

http://luciano.stanford.edu/ISCS/ 

or at the IEEE/LEOS Home Page under "What's New" at http://msrc.wvu.edu/leos/ 
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PATENTS 
Recently issued U.S. Patents. Headlines contain U.S. Patent #/ Date Issued / Assignee. 

The full text of any of these patents can be obtained by email from MicroPatene for $1.50 each. 

See http://www. micropat.com/ and select the “Patent WEB ™" option. 

Semiconductor Lasers - Design and Fabrication 

05633887 / 1997 05 27 / lowa State Univ. 
Chung, R. W.; Weber, R. J. 

External Cavity Laser. The present invention 
relates generally to optical devices incorporating 
semiconductor lasers, and more particularly to an 
external cavity diode laser configured as a traveling 
wave amplifier or as a dual-mode optical amplifier- 
oscillator device. 

05627383 / 1997 05 06 / Lucent 
Cunningham, J.E. et al 

MQW PIN Structures. Optoelectronic devices 
such as photodetectors, modulators and lasers with 
improved optical properties are provided with an 
atomically smooth transition between the buried 
conductive layer and quantum-well-diode-contain- 
ing intrinsic region of a p-i-n structure. The buried 
conductive layer is grown on an underlying sub- 
strate utilizing a surfactant-assisted growth tech- 
nique, and a surface impurity concentration of from 
0.1 to 1 monolayer of dopant atoms is provided. 
The presence of the impurities promotes atomic 
ordering at the interface between the conductive 
layer and the intrinsic region, and subsequently 
results in sharp barriers between the alternating 
layers comprising the quantum-well-diodes of the 
intrinsic layer. 

05627854 / 1997 05 06 / Lucent 
Knox, Wayne H. 

Saturable Bragg Reflector. This invention 
relates an intensity dependent reflector for use in 
modelocking lasers for the generation of ultrashort 
optical pulses. Low optical loss and simplified fab- 
rication are achieved by a nonlinear reflector which 
incorporates one or more semiconductor quantum 
wells within a standard semiconductor quarter 
wave stack reflector. The nonlinear reflector pro- 
vides an intensity dependent response which per- 
mits it to be used for saturable absorption directly 
in a main oscillating cavity of a laser. Saturation 
intensity of the nonlinear reflector and thereby 
related laser modelocking properties can be con- 
trolled by disposing the quantum well at a particu- 
lar position in the reflector structure. 

05629233 /1997 05 13 / Lucent 
Chand, N.; Chu; S.N; Syrbu, A. V. 

Method of Making IlI/V Lasers. The disclosed 
novel method of making III/V semiconductor lasers 
involves cleaving of the wafer along predetermined 
cleavage planes, defined by means of aligned non- 
continuous depressions. The depressions are 
spaced from the laser contact regions, and typical- 
ly are V-grooves produced by photolithography and 
anisotropic etching. A further surface feature, typi- 
cally a precisely positioned scribe mark, facilitates 
cleavage initiation. When carried out in vacuum 
the novel method can provide high quality, accu- 
rately positioned cleavage surfaces, and conse- 
quently can facilitate increased yield of high power 
lasers. 
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05636235 / 1997 06 03 / Mitsubishi 
Miyazaki, Yasunori 
Laser With Non-Central Emitter. A semicon- 
ductor laser device includes unit semiconductor 
lasers having facets and having side surfaces, 
active layers disposed in the respective unit semi- 
conductor lasers so that the ends of the active lay- 
ers are exposed to the facets of the respective unit 
semiconductor lasers and having centers at the 
facets. Two adjacent columns respectively include 
unit semiconductor lasers in the same number 
which are laminated so that light is emitted from 
each of the unit semiconductor lasers in the same 
direction. The active layer in the facet of each unit 
semiconductor laser is located at a position closer 
to the adjacent column than the center of the facet 
of the unit semiconductor laser. Therefore, the 
region where the active layers are distributed, i.e., 
the light emitting region, is narrowed, whereby the 
collection of the emitted light using a lens is facili- 
tated. 

05638391/ 1997 06 10 / Mitsubishi 
Shima, A.; Tanigami, Y.; Aoyagi, T. 

Semiconductor Laser Optical Disc Apparatus. 
A semiconductor laser device that has less variation 
in the interval between light emitting points due to 
thermal deformation in a multi-point light emitting 
laser diode having light emitting points arranged in 
close proximity to each other, and an optical disc 
apparatus provided with the semiconductor laser 
device. 

05642373 / 1997 06 24 / Mitsubishi 
Kamizato, T, Hirano, R. 
Array Of Radially Disposed Lasers. A mono- 
lithic semiconductor laser array includes an insulat- 
ing substrate, a plurality of semiconductor layers 
epitaxially grown on the substrate and forming a 
laser structure, and at least one groove transverse 
to the substrate extending through the semicon- 
ductor layers into the substrate, dividing the semi- 
conductor laser structure into at least two mutually 
isolated parts. Within each of the isolated parts of 
the semiconductor laser structure, a first groove 
includes a side wall transverse to the substrate and 
forming a first resonator facet of a semiconductor 
laser. A second groove in each of the parts includes 
a second side wall transverse to the substrate and 
opposite the first side wall, forming a second res- 
onator facet of the semiconductor laser in that part. 
Each second groove also includes a third side wall 
oblique to the substrate and opposite the second 
side wall for reflecting light from the respective 
semiconductor laser so that light from each of the 
semiconductor lasers is emitted along a common 
axis transverse to the substrate. The second 
grooves are arranged radially about a common 
point on the substrate. The semiconductor lasers 
may be electrically connected in series to each 
other. 

05636236 / 1997 06 03 / NEC 
Tada, K.;Yamazaki, H. 
MOW Laser. A semiconductor laser with a low 
threshold lasing current and a high external differ- 
ential quantum efficiency. A n-type AlGalnP clad 
layer, a AlGalnP MQW active layer, a p-type AlGalnP 
clad layer, p-type GalnP hetero-buffer layer and a- 
type GaAs layer are successively grown on a n-type 
GaAs substrate, wherein Al contents of a barrier in 
the MQW layer is so varied that holes are uniform- 
ly distributed in each quantum well. Next, a mesa 
is formed by an etching process, then a n-type 
GaAs block layer is grown, and electrodes are 
formed on both p and n-side surfaces. Finally, the 
processed substrate is cleaved, and laser diodes 
are obtained therefrom. An Al content of the barri- 
er layer in the MQW active layer is slowly 
decreased from a p-side to a n-side, and thereby 
holes are uniformly distributed in each quantum 
well and few electrons overflow a quantum well. 

05636237 / 1997 06 03 / NEC 
Terakado, T Torikai, T. 
High-Speed Laser. In a laser device in which a 
first cladding layer of InP of p-type, an active layer 
of InGaAsP, and a second cladding layer of InP of n- 
type are successively formed on a predetermined 
area of a base layer of InP of p-type. Also formed 
are a current confining structure that includes a pair 
of first buried layers of p-type InP on a remaining 
area of the base layer, a pair of first current block- 
ing layers of n-type InP on the pair of first buried 
layers, a pair of second current blocking layers of a 
semi-insulating InP on the pair of first current block- 
ing layers, and a second buried layer of m-type InP 
on the pair of second current blocking layers. The 
pair of first buried layers have a pair of projecting 
portions projecting over inner edge portions of the 
pair of first buried layers with the first cladding, the 
active, and the second cladding layers interposed 
between the pair of projecting portions and with 
the pair of projecting portions brought into contact 
with side surfaces of the active layer and with inner 
edge portions of the pair of second current blocking 
layers so that the pair of first current blocking lay- 
ers are electrically isolated from the active layer. 

05642372 /1997 06 24 / NEC 
Tomita, Akihisa 

Multi-Layered Quantum-Well Layer. The pre- 
sent invention provides a quantum-well semicon- 
ductor laser device having a substrate, a clad layer 
on the substrate, an optical confinement layer on 
the clad layer, an active layer on the optical con- 
finement layer, an optical confinement layer on the 
active layer and a clad layer on the optical confine- 
ment layer each of which formed of a semiconduc- 
tor wherein the active layer formed of a multi-layer 
quantum-well structure of which each layer com- 
prising a quantum-well layer, a first barrier layer 
adjacent the quantum-well layer and a second bar- 
rier layer adjacent the first barrier layer wherein the 
semiconductor of the first barrier has a higher ener-



PATENTS 

gy level at a point of a valence band than that of the 
second barrier layer. 

05640410 / 1997 06 17 / Samsung 
Yang, Seung-kee 

Ridge Type Laser Diode. The present invention 
relates to a semiconductor laser diode and manu- 
facturing method therefor, and more particularly, to 
a ridge-type semiconductor laser diode having an 
improved ohmic contact surface and a manufactur- 
ing method therefor. 

05640409 / 1997 06 17 / Sony 
Ito, Satoshi et al 

Blue-Green Laser. A semiconductor light-emit- 
ting device capable of emitting blue to green light is 
disclosed. The device comprises a first cladding 
layer of the first conduction type stacked on a com- 
pound semiconductor substrate and made of 
ZnMgSSe compound semiconductor; an active 
layer stacked on the first cladding layer; a second 
cladding layer of the second conduction type 
stacked on the active layer and made of a ZnMgSSe 
compound semiconductor; and ZnSSe compound 
semiconductor layers provided on the second 
cladding layer and/or between the compound semi- 
conductor substrate and the first cladding layer. 
The device has good optical confinement charac- 
teristics and carrier confinement characteristics, 
generates only a small amount of heat during its 
operation, and is fabricated easily. 

05627100/ 1997 05 06 / Thomson-CSF 
Maurel, P; Garcia, J.C.; Hirtz, J.P. 
Surface-E ing Diodes. A method for making 
a set of surface-emitting laser diodes comprises the 
making of Bragg reflectors in situ, removing the 
need for the ion etching. 

05629954 / 1997 05 13 / TRW 
Jansen, Michael et al 

Integrated Etalon. A single-frequency semicon- 
ductor laser diode structure and a method for its 
fabrication. The structure includes a built-in etalon, 
which limits the frequency of operation of the 
device to a very narrow frequency band. For an 
edge-emitting diode, the etalon is formed over a 
cleaved end face of the semiconductor diode struc- 
ture, and light is emitted from an opposed cleaved 
end face. For a surface emitting diode, the etalon is 
formed as an additional plurality of layers between 
a plurality of semiconductor layers forming the 
diode and a substrate on which the structure is 
formed. 

05629097 / 1997 05 13 / Univ. of Oklahoma 
McCann, Patrick J. 

Apparatus for Fabricating Semiconductor 
Lasers. The present invention is directed to a semi- 
conductor laser and a method for making such, 
having a high thermal conductivity heat sink com- 
ponent enabling the laser to be operated at higher 
temperatures. A semiconductor epitaxial layer is 

Packaging and 

bonded to a cleaving assembly that allows the epi- 
taxial layer to be manipulated without use of tradi- 
tional substrate forms. The resulting semiconduc- 
tor laser is bonded to a metal portion that serves as 
a heat sink for dissipating heat from the active las- 
ing region. The resulting semiconductor lasers can 
be cooled by thermoelectric cooling modules, thus 
eliminating the necessity of using more bulky cryo- 
genic systems. 

05642376 / 1997 06 24 / Vixel 
Olbright, G. R.; Jewell, J. L. 

Visible Surface Emitting Laser. A vertical-cavi- 
ty surface-emitting laser is disclosed comprising a 
laser cavity sandwiched between two distributed 
Bragg reflectors. The laser cavity comprises a pair 
of spacer layers surrounding one or more active, 
optically emitting quantum-well layers having a 
bandgap in the visible which serve as the active 
optically emitting material of the device. Electrical 
pumping of the laser is achieved by heavily doping 
the bottom mirror and substrate to one conductivi- 
ty-type and heavily doping regions of the upper 
mirror with the opposite conductivity type to form a 
diode structure and applying a suitable voltage to 
the diode structure. For radiation in the yellow to 
green portion of the spectrum, the laser includes an 
active layer of GaP or AlGaP quantum wells and 
AIP/AIGaP mirrors. For radiation in the blue portion 
of the spectrum, the laser includes an active region 
of InGaN or GaN quantum wells and AIN/AIGaN 
mirrors. 

05640407 / 1997 06 17 / Accu-Sort Systems 
Freyman, C. A.; Di Domizio, R. A.; Robb, J. S. 

Temperature Regulating Assembly. An 
improved laser diode assembly includes a laser 
diode unit that is mounted directly on a compact 
thermoelectric cooler, which is mounted on a heat 
sink. A thermally insulating gasket, mounted 
around the thermoelectric cooler, seals the ther- 
moelectric cooler from the ambient environment, 
thereby preventing condensation from forming on 
the cold face of the thermoelectric cooler. A ther- 
mally conductive gasket, mounted around the cir- 
cumference of the laser diode window, returns 
heat from the heat sink to the window to prevent 
condensation from forming on the window. The 
laser diode is the only component cooled by the 
thermoelectric cooler. Since a portion of the heat 
transferred by the thermoelectric cooler is utilized 
to warm the laser diode window, a separate heat- 
ing element is not required. 

05629952 / 1997 05 13 / Corning 
Bartholomew,R.F. et al 

High Power Laser Packaging. A package for a 
high power semiconductor laser comprising a her- 
metically sealed container filled with a dry 
gaseous medium containing oxygen. The pres- 
ence of oxygen in the laser atmosphere is counter 
to standard practice of use of an atmosphere of a 
dry inert gas. The package also includes a getter 

for organic impurities, e.g., a getter composed of a 
porous silica or a zeolite. The hydrogen content of 
the materials used to form the package are 
reduced by baking at an elevated temperature for 
an extended period of time. 

05633761/ 1997 05 27 / Fujitsu 
Takashima, Yuichirou 

1997 06 03 / Fujitsu 
Sato, Shinichi et al 
Laser Diode Module. The present invention(s) 
generally relates to laser diode modules suitably 
applied to a bar code reader in which a laser diode 
is used as a light source. 

05638390/ 1997 06 10/ Methode Electronics 
Gilliland, PB.; Goryachev, A.A. 

Optoelectronic Transceiver Module. A power 
stabilizer for maintaining a constant level of output 
power from a laser transmitter. The laser trans- 
mitter has a laser diode which produces a optical 
output which corresponds to the level of bias cur- 
rent received. In addition, the laser transmitter has 
a photodiode which produces a feedback signal 
which corresponds to the optical output power 
being produced by the laser diode. Furthermore, 
the power stabilizer consists of a digitally con- 
trolled potentiometer for producing a reference 
input signal and an op-amp for comparing the 

feedback signal and the reference input signal to 
produce a control signal to supply bias current. 

05636234 / 1997 06 03 / Mitsubishi 
Takagi, Kazuhisa 

Heat Sink with pn Junction. The present 
invention relates to a semiconductor laser device 
producing relatively high power light to use in 
measuring a distance, for optical communication, 
and for other applications. In particular, the pre- 
sent invention relates to a semiconductor laser 
device mounted on a heat sink that includes a pn 
junction. 

05640188 / 1997 06 17 / Xerox 
Andrews, John R. 

Multiple Diode Lasers. The present invention is 
a multiple spot laser assembly, comprising a plu- 
rality of laser diodes, and a plurality of mounts, 
which include a support surface, upon which the 
laser diode are permanently affixed. The mounts, 
including the base plate and/or heat sink, further 
include a mating feature along an edge thereof for 
aligning a first mount with an adjacent mount, the 
two mounts abutting along at least one common 
edge. The mating features assure the accurate 
alignment of the laser diodes on the adjacent 
mounts when the mounts are assembled into a 
multi-spot laser light source. 
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05631190/ 1997 05 20 / Cree 
Negley, G. H. 

High Efficiency SiC LEDs . A method of produc- 
ing LEDs from SiC with increased external efficiency 
is disclosed which includes directing a beam of laser 
sufficient to vaporize the SiC surface that it strikes to 
thereby define a cut; and then dry etching SiC por- 
tion to remove the by-products generated. 

05631768 / 1997 05 20 / France Telecom 
Bruno, Adrien 

Optoelectronic Device. This invention concerns 
an optoelectronic device, that makes it possible to 
separate signals of different wavelengths, for exam- 
ple signals of different wavelengths arriving from a 
same fiber, towards different users, each receiving 
its own wavelength. The device may also be used in 
optical interconnections between, for example, 
high-integration fast electronic micro-chips or 
between computers, or again inside computers. 

05631489 / 1997 05 20 / Max-Planck-Gesellschaft 
Roser, Hans P. 
Optoelectronic Device. The invention relates to 
the use of an optoelectronic device as a heterodyne 
radiation detector as well as an optoelectronic con- 
verter, in particular for operation in the frequency 
range between 3 and 3000 GHz. The invention 
relates furthermore to a spectrometric system con- 
taining an optoelectronic device of this kind. The 
optoelectronic device is based on a conduction con- 
striction through which charge carriers pass ballisti- 
cally. 

05631475 / 1997 05 20 / Mitsubishi Cable 
Watabe, Shinichi et al 
Semiconductor Light Emitting Element. The 
present invention relates to an AlGalnP semicon- 
ductor LED having a high luminance and a long ser- 
vice life. The LED comprises an AlGalnP active layer 
and a AlGalnP cladding layer, which is formed on a 
GaAs substrate, and an AlGaAs layer and a GalnP 
layer deposited in this order on said light emitting 
part, wherein said GalnP layer has a thickness of not 
more than 1.0 micron, According to the present 
invention, absorption of the emitted light by an elec- 
trode contact layer and the occurrence of an interfa- 
cial distortion between the electrode contact layer 
and the layer thereunder can be suppressed, per- 
mitting easy production and high luminance and a 
long service life. 

5635733 / 06/03/1997 / Mitsubishi Cable 
Okagawa, H. et. al 

LED with Current Diffusing Layer. In the light 
emitting element comprising an n-type semiconduc- 

tor substrate, a lower electrode formed on the lower 
surface of the substrate, and a light emitting part 
having a pn junction, which is composed of an 
InGaAIP compound semiconductor material, a p- 
type current diffusing layer and an upper electrode 
which are laminated on the upper surface of the 
substrate in that order from the substrate side, the 
improvement wherein a carrier concentration of the 
current diffusing layer is lower on a light emitting 
part side thereof than that on an upper electrode 
side thereof, and at least the upper electrode side of 
the current diffusing layer is composed of GaP. By 
employing such structure, diffusion of the dopant to 
a light emitting part can be suppressed even when 
the carrier concentration of the upper part of the cur- 
rent diffusing layer is set to be higher, thereby 
affording a lower resistance of the current diffusing 
layer as a whole. The GaP being a compound semi- 
conductor without Al, the amount of the dopant nec- 
essary for affording the superior effects of sup- 
pressing the diffusion of the dopant to the light emit- 
ting part can be less. Consequently, the luminous 
efficiency can be improved as compared with con- 
ventional ones, and a light emitting element having 
a long service life and superior reliability can be 
obtained. 

05639158 / 1997 06 17 / NEC 
Sato, Yuko 

Led-Array Light Source. A linear light source 
used in a facsimile device or scanner and, more par- 
ticularly, to an LED-array light source in which a 
number of LEDs (Light Emitting Diode) are linearly 
arranged as a light source for a contact-type image 
sensor. 

05633514 /1997 05 27 / Sony 
Shiraishi, M. et al 

II-VI LED with Lattice-Mismatching. The LED 
includes a semiconductor a first conductivity type 
first cladding layer deposited on a semiconductor 
substrate, an active layer (deposited on the first 
cladding layer, and the second conductivity type 
second cladding layer deposited on the active layer. 
The first and the second cladding layers are made of 
the ll/VI-compound semiconductors including at 
least one kind of group Il elements such as Zn, Hg, 
Cd, Mg and at least one kind of group VI elements 
such as S, Se, Te. The lattice mismatching between 
at least one of the first cladding layer and the second 
cladding layer and the substrate is set within a spe- 
cific range. 

05635407 / 1997 06 03 / TI 
Goodwin, Michael W. 

HgCdTe S-I-S Two Color IR Detector. A HgCdTe 
S-I-S (semiconductor-insulator-semiconductor) two 
color infrared detector wherein the semiconductor 

regions are group II-VI, preferably HgCdTe, with dif- 
ferent compositions for the desired spectral regions. 
The device is operated as a simple integrating MIS. 
device with respect to one semiconductor. The 
structure can be grown by current MBE techniques 
and does not require any significant additional steps 
with regard to fabrication. 

05627386/ 1997 05 06 / U.S. Army 
Harvey, J.F; Lux, RA.; Tsu, R. 

Silicon Nanostructure LED. The invention pro- 
vides light sources which are easily compatible with 
standard silicon VLSI processing and can be located 
directly in the material of the silicon VLSI chip. A 
native oxide film (Si02) is caused to develop on the 
surface of the silicon substrate. A thin, transparent, 
conductive film is then deposited on top of the Si02. 
The carriers for electroluminescence are supplied by 
the P-doped silicon substrate (holes) and the con- 
ductive film (electrons). 

05629232 / 1997 05 13 / Whitaker Corporation 
Jiang, Ching-Long 

Method Of Fabricating Semiconductor Light 
Emitting Devices. The present invention relates to 
semiconductor light emitting devices with increased 
operating speed and near linear light output versus 
current input characteristics, and lasing suppression 
mechanisms. The problems of intrinsic capacitance 
associated with conventional semiconductor hetero- 
junction devices are reduced by the reduction of pn 
junction capacitance as well as the use of a semi- 
insulating blocking layer and a conductive substrate. 
Furthermore, a light absorbing layer is disposed on 
one side of an unetched portion of the semi-insulat- 
ing material and an active layer disposed on oppo- 
site side. Also, the interface of the semi-insulating 
material and the active and absorbing layers are at 
prescribed angles that reduce back reflections to the 
absorbing and active layers. This arrangement 
reduces pumping in the absorbing region and thus 
reduces the lasing effect, allowing for a stable LED. 

05638108 / 1997 06 10 / Xerox 
Nacman, \ppel, J.J.; Charnitski, G.A. 

Lower Resolution LED Bars. A method for 
achieving high resolution printing using low resolu- 
tion LED bars is performed by arranging the bars at 
particular angles to the photoreceptor and timing 
the activation of the pixels within the LED bars 
according to the movement of the photoreceptor. | n 
addition, the LED bars may be segmented and 
arranged so that the segments abut one another at 
different locations. Each of the abutting segments is 
disposed at a particular angle to the photoreceptor 
in the process direction. A lens arrangement is used 
to image the LED bars. 

See http://www.micropat.com 

The full text of any of these patents can be obtained by e-mail 
from MicroPatent for $1.50 each. 

and select the “PatentWEB™” option. 
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Electronics 

05639677/ 1997 06 17 / ETRI (Korea) 
Lee, J.L etal 

Low Voltage GaAs Power Device. Disclosed is 
3 GaAs power semiconductor device operating at a 
Jow voltage and a method for fabricating the device 
Parasitic carriers in interface between the substrate 
and the GaAs buffer layer can be prevented from 
being introduced into the channel layer by a super- 
{attice layer during operation of the device. 

05642080/ 1997 06 24 / ETRI (Korea) 
Whang, In-Gap et al 

LNA. A low noise amplifier of the present inven- 
tion may be useful to a portable cellular phone or a 
microwave communication system, particularly to 
a monolithic circuit in which the amplifier includes 
an input impedance component consisting of 
capacitors and an inductor, two MESFETs in a cas- 
cade connection and a capacitor connected 
between the two MESFETs so as to enhance the sta- 
bility of the amplifier when a node strapping a plu- 
rality of ground terminals of the amplifier is con- 
nected to an external circuit by means of a bonding 
wire. 

05633183 / 1997 05 27 / Honeywell 
Swirhun, Stanley E. 

Minimized Parasitic Gate Capacitance. It is an 
object of the present invention to produce a het 
erostructure FET having a capacitance between the 
gate pad and the channel layer that is much less 
than similar type capacitances of related art FETs. 
This object is achieved by a process which utilizes 
an jon implant isolation of the channel layer 
beneath the gate pad without affecting or damag- 
ing the surface of the heterostructure wafer. 

05633179/ 1997 05 27 / Kamins, Theodore . 

Si/SiGe HBT. A HBT in which an active region is 
defined on a silicon collector layer. A silicon-ger- 
manium base layer characterized by an integral 
polycrystalline and epitaxial structure is deposited 
over the collector such that the epitaxial portion of 
the base covers substantially the entire active 
region of the collector. In one version, a field oxide 
region separates the polycrystalline part of the base 
layer from the remainder of the collector layer. 
Alternatively, the collector layer is also character 
ized by an integral polycrystalline and epitaxial 
structure; in this version the epitaxial part of the 
base overlies the epitaxial part of the collector. 

05631479 / 1997 05 20 / Mitsubishi 
Shiga, Toshihiko 

Laminated Schottky Barrier. The present inven- 
tion relates to a semiconductor device such as a 
fiield effect transistor provided with a Schottky bar- 
rier electrode on a compound semiconductor sub- 
strate, or an MMIC or a logic IC using this MESFET. 
The gate resistance of the Schottky barrier gate 
electrode can be held low and the internal stress 
can be reduced, whereby peeling off of the can be 
suppressed. 

05640026 / 1997 06 17 / Mitsubishi 
Terazono, Shinichi 

Implanted Isolation. A method of performing 
element separation by ion implantation for a com- 
pound semiconductor device. A highly reliable ele- 
ment separating technique and a highly reliable 
device are obtained. 

05627385 / 1997 05 06 / Motorola 
Bhatnagar, M. Weitzel, C.E. 

Lateral SiC Transistor. A lateral SiC transistor 
utilizes a modulated channel region to form an 
accumulation region that facilitates a low on-resis- 
tance. A doped region of the channel layer forms a 
channel insert that also lowers the on-resistance of 
the transistor. Field plates are utilized to facilitate 
providing a high breakdown voltage. 

05631175 / 1997 05 20 / Motorola 
Gilbert, James G. et al 

Elevated-Gate FET. A field effect transistor has an 
active layer formed in a substrate. A gate is dis 
posed on an elevated platform formed from the 
active layer. The elevated platform raises the bot- 
tom surface of the gate relative to the top surface of 
the active region on either side of the gate. A fabri 
cation method for the transistor forms the elevated 
platform by etching the active region surface on 
both sides of the gate so that the bottom surface of 
the gate is elevated relative to the top surface of the 
surrounding active region. The gate itself and/or a 
patterned photoresist layer may be used as a mask 
for performing this etch. 

05640025 / 1997 06 17 / Motorola 
Hashemi, M. et al 

High Frequency Semiconductor . A high fre- 
quency transistor including a heavily doped first 
current carrying layer positioned on a substrate and 
a semi-insulating layer of LTGaAs epitaxially grown 
on the first layer. The semi-insulating layer is 
etched, using a layer of AlAs as an etch stop, to 
define an active region and a first current carrying 
electrode is grown on the exposed first layer in the 
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active region. A control layer is grown on the semi- 
insulating layer and the first current carrying elec- 
trode, and a second current carrying electrode is 
grown on the control layer. External contacts are 
formed on the first current carrying layer, the con- 
trol layer, and the second current carrying elec- 
trode. 

05627090 / 1997 05 06 / Murata Manufacturing 
Marukawa, Takashi; Nakano, Hiroyuki 

Schottky Electrode Process. A Schottky elec- 
trode is formed on the active layer of a semicon- 
ductor substrate and the region is subjected to the 
plasma treatment. In a GaAs MESFET, the gate 
withstand voltage can be improved and the current 
leakage at the gate electrode can be suppressed. 
Further, in the diode such as a Schottky barrier 
diode, the forward and the reverse characteristics 
of the diode are improved. 

05633517 /1997 05 27 / NEC 
Saitoh, Yasuo 
Multi-Stage Power Amplifier. A semiconductor 
device has a multi-stage power amplifier, which is 
composed of a plurality of transistors disposed on 
on a semi-insulating GaAs substrate. All transistors 
constituting an ultra-high frequency multi-stage 
power amplifier are implemented onto a single 
chip, thus enhancing device miniaturization and 
preventing undesirable oscillation. 

05635735 /1997 06 03 / NEC 
Miyamoto, H.; Onda, K. 

Improved Schottky Gate Structure. The inven- 
tion relates to a a high frequency and high speed 
field effect transistor with an improved Schottky 
gate structure. The Schottky gate electrode has two 

ther Topics 

05633192 / 1997 05 27 / Boston Univ. 

Moustakas,T.D.; Molnar, R.J. A method of 
preparing monocrystalline GaN thin by ECR-assist- 
ed MBE and the preparation of n-type and p-type 
GaN films and a method for forming p-n junctions 
from these films. 

05631472 /1997 05 20 / Lucent 

Cunningham, J.E. et al. An accurate in-situ 
growth technique based upon reflection high ener- 
9y electron diffraction dynamics for accurate lattice 
matching of dissimilar materials. 

05633193 / 1997 05 27 / Lucent 

Baillargeon, J. N. et al. A method which com- 
prises providing an InP-based semiconductor 
which is patterned such non-planar surface fea- 
tures result, and growing a phosphorus containing 
semiconductor material on the patterned major 
surface using solid sources. 

05635732 /1997 06 03 / Motorola 

Davis, K.L; Weitzel, C.E. Methods of forming 
SiC vertical MOSFETs utilizing local oxidation of sil- 
icon (LOCOS) procedures. 
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layers, the second layer being made of a second 
compound semiconductor having a higher conduc- 
tion band edge than that of the first layer. 

05641977 / 1997 06 24 / NEC 
Kanamori, Mikio 

Compound Semiconductor FET. A compound 
semiconductor FET wherein a gate electrode is 
formed on the center of of a recess, portions of of 
which are formed of a material (InGaAs) difficult to 
cause dislocation. Therefore the FET can prevent 
degradation of characteristics in high temperature 
burn-in test, 

05641975 / 1997 06 24 / Northrop Grumman 
Agarwal, Anant K. et al 

AIGaN HBT. A heat tolerant, frequency responsive 
AlGaN HBT for use in the microwave region 
mounted on a SIC or sapphire substrate. 

05629648 / 1997 05 13 / REMD 
Pratt, William J. 

HBT Power Amplifier. An improved HBT power 
amplifier circuit providing an efficient and linear 
amplifier . 

05637889 / 1997 06 10/ SGS-Thomson 
Groover, R.0.; Blanchard, R. A. 

Composite Power Transistor. A power device 
structure which is formed of two merged device 
structures: an FET control device is located in a sur- 
face layer of narrower-bandgap material, and a 
blocking device which provides high-voltage-with- 
stand capability is located deeper in the device, in a 
substrate of wider-bandgap material. 

05641381/ 1997 06 24 / NASA 

Bailey, S.G. et al. A [iftoff method employing a 
sacrificial layer of ternary material. A layer of InP 
is placed on the ternary layer and a layer of wax is 
applied to the InP layer to apply compressive force 
and an etchant material is used to remove the sac- 
rificial layer. 

05637531/ 1997 06 05 / Polish Academy 

Porowski, S. et al. A process for fabricating a 
multlayer crystalline structure of Group ll nitrides, 
which includes forming a first crystal under an 
equilibrium nitrogen pressure and forming a sec- 
ond crystal layer by decreasing the nitrogen pres- 
sure such that the second crystal layer grows with 
a slower growth rate. 

05637146 / 1997 06 05/ Saturn Cosmos 
Chyi, J-1. A method for the growth of Group Il 
nitrides in a UHV chamber wherein low energy 
atomic nitrogen is generated by a plasma-excited 
radical atom source. 

05633513/ 1997 05 27 / Seiko 
Koyama, K, et al. A diamond FET incorporating 
a ptype semiconducting diamond layer of a spe- 
cific thickness and B-doping concentration. 

05633610/ 1997 05 27 / Sony 
Maekawa, |.; Ohgihara, T; Tanaka, T. 

MMIC Apparatus. The present invention relates 
to a bias stabilizing circuit of a field effect transistor 
formed of a compound semiconductor for use in a 
bias stabilizing circuit of a MMIC and a circuit using 
the same. 

05631173/1997 0520/ TI 
Delaney, J.B.; Bracey, K. E. 
Collector Up HBT. A process and structure for an 
improved collector-up bipolar transistor. The base 
is formed after the emitter is implanted to eliminate 
base damage during oxygen implantation typical in 
prior art collector-up bipolar transistors. In a pre- 
ferred embodiment, an emitter layer of GaAlAs is 
implanted with oxygen in the extrinsic emitter 
region to damage the material and make it insula- 
tive. The base is epitaxially grown at low tempera- 
ture to insure the emitter material remains dam- 
aged and insulative. 

05631477 /1997 05 20 / TRW 
Streit, D.; Oki, A.K., Tran, LT. 

Quaternary Collector InAlAs-InGaAlAs HBT. 
An InAlAs/InGaAIAs heterojunction bipolar transis- 
tor that includes a constant quaternary InGaAlAs 
collector layer. Graded InGaAlAs collector layers 
are provided on each side of the quaternary collec- 
tor layer to minimize transitions through the con- 
stant collector layer. The InAlAs/inGaAlAs HBT may 
also include one or more of a graded InGaAlAs 
emitter-base transition region, a graded-doping 
InGaAs base layer, and a graded-composition 
InGaAlAs base layer. 

05639299/ 1997 06 17/ Sumitomo 
Inoue, . et al. Amethod of making a compound 
semiconductor single-crystalline substrate for LPE 
growth with relatively low cost and excellent prac- 
ticality. 

05639673 /1997 06 17 / U.S.A.F. 

Vaccaro K. et. al. Transparent ohmic contacts for 
Schottky diode optical detectors on thin and invert- 
ed epitaxial layers of InGaAs/InAlAs. 

05637530/ 1997 06 10/ U.S. Philips 

Gaines, J.M. et al. Epitaxial layers of I-V] semi- 
conductor compounds having low incidence of lat- 
tice defects such as stacking faults are produced by 
by migration enhanced epitaxy (MEE). 

05633194 / 1997 05 27 / Univ. of Waterloo 

Selvakumar, C. R.. et al. A low temperature ion- 
beam assisted deposition process for SiGe/Si 

05639343 / 1997 06 17 / Watkins-Johnson 

Dobkin, D. M. et al. A method of characterizing 
a group IV epitaxial wafer in a characterization 
profiling apparatus having an electrolytic cell. 
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Looking for a EX]@U]H]D]U] 
Career Change? 

Compound Semiconductor has a position open for an assistant editor. Applicants 
should have excellent writing skills, knowledge of compound semiconductor tech- 
nology, and an interest in both scientific and commercial developments. 

Duties will include writing feature articles, editing news items, and reporting on new 
trends and developments, as well as assisting in the preparation and layout of the 
final product. 

If you enjoy analysis and writing, this is a fun and rewarding job. No sales work is 
required, and there will be opportunities for advancement. 

The job will be located in our new offices in Danvers, Massachusetts. Applicants 
should be located in or willing to relocate to the Boston area. 

Interested parties should contact: 

Marie Meyer 

Editor 

Compound Semiconductor Magazine 

Liberty Square 

Danvers, MA 01923 USA 

TEL [1] 508 750 9739 

FAX [1] 508 750 9740 
e-mail: mmeyer@compsem.com 
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To Build Your Business 

On GaAs Technology, Start With 

The Right Foundation. 

There's no more solid GaAs 

foundation than what you'll find at 

M/A-COM. We have unsurpassed 

capabilities in substrate manufactur- 

ing, That means we can provide the 

highest purity, most consistent 

SI-GaAs substrates available. So you 

can provide your customers with 

the low-cost, high quality device 

solutions they’re looking for. 

Our product line features 

substrate diameters of 3’ 100mm 
and 150mm. These substrates are 

manufactured to meet the highest 

international standards for quality, 

including 15O 9001. And they deliv- 

er unmatched technical performance. 

We are also committed to supe- 

rior customer and technical support, 

regardless of the size of your busi- 

ness. We're better able than ever to 

quickly process customer requests. 

In addition we provide extensive 

technical support whether you 

require standard or custom products. 

When you work with M/A-COM, 

you get the expertise that can only 

come from being the industry’s most 

experienced SI-GaAs supplier. With 

a 15-year record of refining and 

improving the growth of semi- 
insulating gallium arsenit 

To learn more, contact us today. 

You'll find what we have to say very 

constructive. 

Call for more information: in 

Europe, at 44 (1344) 869 595; in 

the USA at 1-800-366-2266; or in 

Asia/Pacific at 81 (03) 3226-1671. 

Or contact us via E-mail at 

gaas-wafers@macom.com. 

/ an AMP company
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Systems e ¢ e e HInAMS 
# Best uniformity GaN 

# Highest throughput platforms i a 

» Lowest cost per wafer " ng : IhGaAiN 
® Turn-key installations i K 

* Worldwide training and service 

 Twenty-four hour service and 
application support 

eCORe ©MCORe 
RESEeQRCH & ' OPPLICQTION efi%%%%’!‘? 
E Loborotory ] T # Critical outsourcing capability for 

® On-site R&D laboratory and foundry in 3 EMCORE customers 
‘operation twenty-four hours a day 

# A world class team of advanced-degree 
scientists and engineers 3 

grown 
% T < * Extensive computerized wafer mapping 

* Best available analytical instrumentation and characterization equipment 

# Several in-house TurboDisc™ * Confidentiality and integrity assured 
p MOCVD Systems » S0 9001 and @S 9000 Programs 

g 3 » Wicest choice of epitaxial materials 
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 Customer Partnering. . . Whether you need MOCVD systems 

technology, process development for a new application, or contract 

support for epitaxial wafer production, we have the scientific and 
engineering expertise to help you effectively achieve your business goals. 

EMCORE Corporation ¢ 394 Elizabeth Avenue * Somerset, NJ 08873 USA 
+1 (732) 271-9090 ¢ Fax: +1 (732) 271-9686 * WEB:http://www.emcore.com 
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