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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 vou 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 highest
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 2985
TAIWAN (88) 62 788 4242
BENELUX (31) 76 571 1640
NORDIC (46) 8 629 2400

AUSTRALIA (61) 2 898 1244
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IT'S A FACT
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in the world offers you the unique,
versatile, and constantly high
quality technology you're assured
of from AIXTRON, whether you're
producing LED's, Lasers, Detectors,
HEMTs, HBTs, OEICs...

..And we can prove it!

FACT!

No other company in the world
offers you a complete MOCVD
reactar line, based on a proven
scaling concept, from R & D up to
full-scale production [1x2" up to
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-
ness up to more than 200pm,/ h.

FACT!

AIXTRON was the first MOCVD
company worldwide to receive the
ISO 9001 Certification -

the internationally recognized
guality symbal.
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Kackertstrae 15-17, 52072 Aachen 1569 Barclay Blvd. 2nd Section, 3rd Machinery Dept.
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Fax: +49(241)89 09 - 40 Phone: +1(847) 215 - 73 35 Tokyo 103, Japan
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NEW DEVICES

HP Introduces Highest-Intensity LEDs

Palo Alto, CA. Hewlett-Packard has announced a line of 5-mm (T1-3/4)
AlInGaP light-emitting diodes which offer "the highest intensities of any LED
lamps currently in production”. HP says that this "second-generation AllnGaP"
product line offers reliable. weather-resistant and bright sources for use in
traffic-management designs, such as traffic signals and variable-message signs
and in commercial outdoor advertising. such as moving-message signs and
marquees.

"LEDs are a superior light source for sign and signal applications compared
to incandescent bulbs and other technologies due to their longevity, viewability
and energy savings," said Milt Liebhaber. general manager of the
Optoelectronics Division of HP's Components Group. "This new family widens
the gap between LEDs and other light sources and will accelerate an already
brisk adoption rate for LED solutions.”

HP is calling the new products "precision optical performance AllnGaP Il
LEDs". They feature special lens structures that enable precise control of light
output. This control ensures that letters and symbols in message panels appear
consistently sharp and bright over the specified viewing angle. These lamps
offer the same stability as HP's guaranteed-performance LEDs for traffic-signal
applications due to their use of the same advanced optical-grade epoxy that
greatly improves the lamps' operability in high and low temperatures and under
conditions of moisture. The package's epoxy also contains ultraviolet-a and
ultraviolet-b inhibitors to reduce the effects of long-term exposure to direct sun-
light.

The new LEDs are available in three viewing angles, making them optimal
in applications in traffic signals and road signs. They are available in three col-
ors: amber (592 nm), reddish-orange (617 nm) and red (630 nm). At their
brightest, typical intensities (@20 mA) range from 4,500 med for the amber,
4,000 med for the reddish-orange, and 3,600 med for the red.

Pricing is about 36 cents each in quantities of 1 million. Sample quantities
of most colors and configurations are currently available from stock.

Part Number Color Dominant Intensity Intens_it;-
Wavelength (med) (med)

@20 mA @20 mA
Typical Minimum

15 Degree Viewing Angle

HLMP-DL16 Amber 592 4,500 2,600
HLMP-DH16 Red-orange 617 4,000 2,000 |
HLMP-DD16 Red 630 3.600 2,000 |
23 Dearee Viewing Angl

HLMP-DL25 Amber 592 2,800 1,600
HLMP-DH25 Red-orange 617 2,100 1,000
HLMP-DD25 Red 630 1,800 1,000

30 Degree Viewing Angle

HLMP-DL31 Amber 592 1,700 1,000
HLMP-DH31 Red-orange 617 1,600 700
HLMP-DD31 Red 630 1.400 700

Table: Intensities of HP's new high brightness AlGalnP LEDs, which are
offered in three different colors and viewing angles. HP believes these are the
brightest LEDs currently in production.

e

E.rauples of Hewlett-Packard’s new high brightness
AllnGaP LEDs, which are believed to be the brightest
units available.

SDL Announces New Lasers

San Jose, CA. SDL has released the FA30,
"the highest power commercially available fiber
optic amplifier system to date". The FA30 has an
optical output power in excess of +30 dBm (1 W)
and operates over the 1535 nm to 1565 nm range
providing over 30 dB gain, even in saturation. The
+30 dBm operating point is believed to be at least
two times higher in power than any other fiber
amplifier system made in the US.

SDL says that this new fiber optic amplifier
system "combines SDL's core competency in high
power and efficient semiconductor lasers with the
quality and reliability of solid state fiber optics to
bring a revolutionary new amplifier technology to
the telecommunications industry”. The FA30 will
be used as a building block for a family of amplifi-
er products intended for both the R&D and OEM
markets.

SDL also recently introduced two new visible
laser diodes. The first, a 30 mW 650 nm single
mode laser, is targeted at high density optical data
storage applications. The 30 mW power level is
sufficient for enabling both the writing and reading
of data at high digital video disk storage densities.

The second new product is a 3 W fiber coupled
065 nm laser which addresses a new method of can-
cer treatment known as photodynamic therapy. The
SDL laser delivers light through a small optical
fiber, therefore allowing minimally invasive

surgery.




NEW DEVICES

New GaAs Parts from CEL & NEC

Santa Clara, CA. California Eastern Labs has
announced the availability of several new GaAs chips produced
by NEC.

First is a new family of GaAs CATV hybrid amplifiers.
CEL says these push-pull and power doubler device deliver
higher bandwidth, lower distortion, and higher gain than their
silicon counterparts. In addition, GaAs power doublers need
10-20% less DC current. CEL also reports that the assembly
and testing of NEC's GaAs hybrids is fully automated. resulting
in more consistent, repeatable performance than silicon devices,
which generally require some hand assembly and tuning. All of
the amplifiers offer 50 - 860 MHz bandwidth, and can provide
up to 22 dB gain @ 860 MHz. Their reliability is specified at
<125 FITs @100°C. Pricing begins at $32 for the push-pull
amplifiers and $42 for the power doublers in 10,000 unit quan-
tities.

Also new from CEL and NEC is the NE72118 GaAs MES-
FET. If offers excellent power gain performance - 5.5 dB@ |2
GHz - making it suitable for use as the oscillator stage in LNB
(low noise block) applications for DBS receivers. It is housed
in a miniature, 4-pin SOT-343 plastic surface mount package,
and is priced at $1.10 in 50.000 unit quantities.

For C to Ku Band low noise amplification applications,
NEC is now offering the NE429MOI, a new heterojunction
GaAs FET. At 12 GHz, it provides a noise figure of 0.9 dB
(typ.), with an associated gain of 10 dB (typ.). It is priced at
$0.89 in 10,000 quantities.

And. finally, NEC has also recently introduced a power
GaAs MESFET for use in the output stage of high power
Multipoint Multichannel Distribution Systems (MMDS). The
NES2527B-30 delivers high output power (43.0 dBm typ). low
distortion (linear gain = 13.0 dB typ) and high linear gain (PAE
= 40% typ), all at a bias current of just 6.0 A. Partial matching
is provided internally, and with external circuitry complete
matching to 50 ohms can be achieved. Primarily developed for
2.5 - 2.7 GHz S-Band operation, 200 MHz of instantaneous
bandwidth can be achieved anywhere from 2.3 to 2.7 GHz when
used with modified external matching. The NES2527B-30 is a
Class A device which features a 0.9 micron tungsten silicide
gate structure for high reliability, silicon dioxide passivation for
surface stability, and plated heat sinks for reduced thermal resis-
tance. It is priced at $329 in 100 piece quantities.

The new GaAs CATV (unptjmr'hn ' and CEL.

New EDFAs from Ortel

Alhambra, CA. Ortel recently announced the availability of four
new erbium doped fiber amplifiers (EDFAs) for 1550 nm broadband
transmission systems. The company says that these new products
"demonstrate Ortel's commitment to the 1550 nm market by offering
higher performance, more output power, lower noise. dual outputs and
lower cost." Robert Jordan. vice president and business manager of
broadband communications products. said they are a substantial addition
to the company's line of 1550 nm broadband transmission products. He
believes they provide the right solution for headends, cascades and dis-
tribution feeder applications. offering CATYV OEMs and systems integra-
tors the most advanced 1550 nm products.

The new EDFA products include model 9110A/B. a 16 dBm EDFA
that features improved performance in noise figure; model 9112A/B, a
low-power 14 dBm EDFA; model 9120A/B. which operates at 17 dBm
and provides lower noise for certain applications: and model 9130A/B. a
20 dBm EDFA that offers higher output-power performance. Each of
these new EDFAs features adjustable output power over a 3 dBm range
from the front panel.

The 9100 Series utilizes Ortel's own 980 nm pump laser. Internal
optical splitters are available to provide multiple outputs from a single
EDFA. They are avail-
able either with or with-
out optical isolators at
the input. Input isola-
tors can be omitted
when connected directly
to Ortel's 1550 nm trans-
mitters, thereby improv-
ing the EDFA noise fig-
ure, resulting in links
with higher carrier-to-
noise ratio.

Small Footprint Power Amp for
1.8 - 1.9 GHz GSM from Anadigics

Warren, NJ. Anadigics has unveiled a new low cost single supply
GaAs power amplifier which comes in a 16-pin thermally enhanced
SSOP package - just half the size of the standard SSOP28 package. The
AWT1902 is intended for use with PCS1900 MHz and DCS 1800 appli-
cations using the GSM modulation format. It operates on 4.8 V.

The AWT1902 uses three stages. allowing operation with +7 dBm
input power. The output power and efficiency are determined with a sin-
gle external capacitor matching the amplifier output. Typical power
added efficiency at Pout = 32 dBm is 45%. The pulse control pin also
determines the output power level during the pulse. a feature which sim-
plifies the design of the power and pulse control loop. Furthermore, the
amplifier produces low noise in the receive band (less than -80 dBm in a
100 kHz band).

"The AWT1902 power amplifier enables cellular phone manufactur-
ers to offer smaller and less expensive handsets,” said Joseph DeMoura,
Anadigics Design Manager. "This transmitter amplifier will offer greater
power added efficiency than typical solutions in use today translating into
increased talk time for the cellular subscriber." In addition to reduced
space requirements. Anadigics believes that this GaAs MMIC solution
provides an economic alternative to discrete and hybrid amplifiers.

The AWT1902 is manufactured using Anadigics’ high volume GaAs
MESFET technology. It is available at $7.25 in quantities of 100.000.

Compound Semiconductor September/October 1997 5
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NEW DEVICES

New GaAs ICs from Vitesse

Camarillo, CA. Vitesse Semiconductor has introduced the
VSC7214. a multi-gigabit interconnect IC intended for high bandwidth
bus, backplane and system-to-system connections.

The VSC7214 provides a serialized, duplex aggregate transfer rate
of 10Gbs over four channels and is configurable to either four 8-bit
channels or a single 32-bit channel. A scaleable interconnect of arbi-
trarily high data width or throughput is easily achieved by synchroniz-
ing multiple VSC7214 ICs in parallel.

Backplane and bus architectures must either widen or increase in
clock frequency to accommodate the demands for increased bandwidth.
Vitesse says that by serializing data. the VSC7214 reduces the com-
plexity and cost of high bandwidth parallel bus and backplace architec-
tures while reducing data skew and interference associated with paral-
lel implementations. They report that a single VSC7214 has the same
data throughput as 160 signals clocked at S0Mb/s.

More GaAs MMICs from Fujitsu

San Jose, CA. Fujitsu Compound Semiconductor (FCSI)
continues to introduce new GaAs MMICs for wireless handset
applications. Four different models are now available. covering a
broad range of cellular, personal communication, and WLL appli-
cations. including GSM, AMPS, TDMA, and CDMA.

These MMICs are manufactured by Fujitsu Quantum
Devices in Kofu. Japan, using a true enhancement-mode GaAs
FET process. As a result, FCSI says it has "truly eliminated the
dual supply requirement of phone manufacturers using high per-
formance GaAs products”.  Because fewer components are
required when using these enhancement-mode products (for
example, there is no need for a drain switch or negative voltage
generator) the cost of manufacturing the handsets should be
reduced.

Two new MMICs were introduced in July. The first, the
FMM 5508ZE, is designed to meet the requirements of the DCS
1800 phones built to operate in the GSM band at 1800 MHz and
the PCS (personal communications service) phones built to oper-
ate at 1900 MHz. The second, the FMMS512ZE, is designed to

- meet the requirements of the AMPS phones built to operate at
3.6V and high efficiency: in order to meet the continuing efforts
to reduce the phone size.

These products join two other new MMICs, for 4.8V AMPS
and GSM applications, which were introduced in June (see CS
3(4), p. 4). All four are available in a very low thermal resistance,
ultra small plastic package (16 pin / SSOP-16 compatible).

Part Primary Gain

Number Application Vdd @ Rated Pin

FMM 5508ZE | DCS 1800 or | 4.8V | +27.5dB 37%
PCS 1900 +27.5 dB 35%

FMM 5512ZE | AMPS 3.6V | +23.5dB 55%

FMM5509ZE | AMPS 48V | +23.5dB 55%

FMM5514ZE | GSM 5.8V | +32dB 43%

Table: Specifications for Fujitsu Compound Semiconductor's
new family of GaAs MMICs for wireless handsets.

The VSC7214 consists of a quad 8-bit parallel-to-serial and serial-
to-parallel 1.25Gb/s transceiver that can operate as either a fully syn-
chronous 32-bit interface or as four independent 8-bit transceivers.
Each channel can operate at a maximum data rate of eight 130MHz bits
(1Gb/s) for an unencoded duplex aggregate data transfer rate of 8Gb/s.
It includes encoding-decoding to integrate a clock signal and establish
error checking, resulting in a total data channel throughput of 10Gb/s
over four duplex channels.

The VSC7214 is derived from the transceiver technology imple-
mented in Vitesse's VSC7125 Fibre Channel and VSC7135 Gigabit
Ethernet transceivers. Innovative circuit techniques and the use of
Vitesse's H-GaAs IV process has resulted in robust clock recovery and
low jitter performance.

In the past, high speed transmitter/receiver functions were plagued
by injection locking. noise and crosstalk problems. Vitesse avoided
these problems by implementing both clock multiplication and
clock/data recovery with a fully integrated phase lock loop (PLL),
which replaces multiple PLLs common in slower and less reliable
designs, Schaefer said. Integrating the PLL also eliminates the need for
external filters or other components.

The VSC7214 operates off a single +3.3V supply and dissipates
4.3W. It is available in an industry standard 160 pin thermally enhanced
PQFP package. Sampling is available now with pricing for 1.000 units
at $98.

New Gigabit Ethernet Transceiver in Reduced Form
Factor

Vitesse also recent-
ly advised of the avail-
ability of the
VSC7135QU  Gigabit
Ethernet transceiver IC.
Mounted in a 10mm 64-
pin PQFP. this new
device reduces the board
space required for the
transceiver and complies
fully with the Gigabit
Ethernet 802.3z draft
specification.

The VSC7135QU
1s derived from Vitesse's

earlier product, the '

VSCT71350N (14mm package) Gigabit Ethernet transceiver. Released
in August, 1996, it was the industry's first Gigabit Ethernet transceiver.
The VSCT135, which is a 1.25Gb/s, 10-bit serializer/deserializer with
the integrated clock and data recovery and high-speed clock generation.
is currently used in the majority of initial products developed for the
Gigabit Ethernet industry and is suitable for network interface cards.
hubs, switches, routers and test equipment.

Since then Vitesse has found that early adopter manufacturers of
Gigabit Ethernet equipment have a need for a smaller transceiver that
meets the 802.3z specification. "The new version of the VSC7135
allows the user to implement an 802.3z-compliant Gigabit Ethernet
channel in a smaller form factor." said John Schaefer, Vitesse product
marketing manager. "Since the transceiver is fully contained in a sin-
gle package, designers can easily implement the high-speed physical
interface to their proprietary network functions. Immediate availabili-
ty allows users to get their products to market faster."

The VSC7135QU has a power dissipation of 700mW, operates
from a single +3/3V supply. is delivered in an industry-standard 10mm
PQFP package and requires no external components. [t is available
now, priced at $19 in 10,000 unit volumes.

Vitesse
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Hewlett-Packard Enters
the Blue LED Market

ewlett-Packard has begun shipping its first nitride-based LEDs.

The current product is a InGaN-on-sapphire MQW blue LED

with a 475 nm dominant wavelength and typical intensities of
1.100 med at a 15 degree viewing angle, and 450 mcd at a 30 degree
viewing angle (at 20mA).

Company representatives revealed to Compound Semiconductor
that HP is not fabricating the InGaN chips at this time. Instead, they are
purchasing the die from an outside vendor and then packaging them at
HP, using a process which is substantially the same as the one used to
fabricate HP’s high brightness AllnGaP LEDs. The vendor is believed
to be Toyoda Gosei, although the company would not reveal any infor-
mation other than the fact that it was not Nichia Chemical.

In the past HP has offered blue LEDs based on Cree Research's
SiC technology, but that activity is now at an end.

Ramping Up

HP hopes to be the dominant player in the blue LED market by the
turn of the century, and they say that they will begin offering their own
product - based on InGaN die produced at their facility in San Jose -
later this vear. Tom Flynn. Business Development Manager for
Optoelectronics at HP, said "we chose this approach because it allows
us to ramp up quickly. This first release of a low volume product can
be used to sample product that will go into high volume production next
year. The backend manufacturing - the packaging process - will be
essentially the same for the present die and the die that we produce our-
selves."

Flynn reported that by the end of this year HP will have capacity
for around | million blue LEDs per month. That will be increased to
3 million per month by the second quarter of 1998, and 10 million per
month in early 1999. Market leader Nichia currently has a capacity for
around 10 million units per month.

The current offering is around 75% as efficient as the Nichia prod-
uct, but improvements are expected in the near future. Pat Goodman,
Business Manager for Electronic Signs and Signaling at HP. said "our
experience over the past 25 years of working with compound semicon-
ductors has shown us that you really have to get the high volume man-
ufacturing process up and running before you can start improving per-
formance parameters like brightness in LEDs. We fully expect to sur-
pass everyone else on the market in terms of brightness by the end of
the century.”" The company hopes to a have a product with a 307 view-
ing angle and 1 ed of output - more than a 2x improvement over the ini-
tial release - in two to three years.

Hewlett-Packard InGaN Blue LEDs
Intensity Intensity Viewing
Part (med) @ 20 mA  (med) @ 20 mA  Angle
Number Typical Minimum (degrees)
HLMP-CB15 1,100 630 15
HLMP-CB30 450 250 30

Specifications for HP's new line of InGaN blue LEDs. The lamps
come in Smm (1-1 3/4) package.
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Hewlett-Packard's first blue LED offering

Learning from the Quaternaries

HP is one of the world's largest producers of LEDs, and they have
an especially strong position in the very high brightness AllnGaP LEDs.
(See page 4.) HP will use the same process. with a few modifications,
that is used for those products to fabricate the blue LEDs. Goodman
notes that a few changes were necessary. For example. it is not possi-
ble to diamond scribe and cleave the sapphire substrates, so special
sawing techniques were developed. Also. the InGaN die need two con-
tacts on the top (because the sapphire substrates are insulating). so more
bonding steps are needed. In addition. some modifications to the equip-
ment were necessary because the blue LEDs are more ESD sensitive.
But. on the whole, he says “we can leverage what we've already learned
in the production of the AllnGaP LEDs, especially with regard to the
MOCVD growth and reactor performance, which is critical.” He says
they will be using the same reactors for the nitrides, “only the gases are
different”. They have one multiwafer reactor dedicated to blue LEDs
at this time, and “several more”™ on order.

The new LEDs will be priced, in the U.S., at $1.80/piece in quan-
tities of 1-99. $1.60/piece in quantities of 100-9.999, and $1.40/piece in
quantities over 10.000. But lower prices will be introduced when pro-
duction volumes increase. Goodman says that prices for blue LEDs
may erode 75 - 85%, to as low as $0.25 a piece. in three years time. As
a comparison, it is interesting to note that when the AllnGaP LEDs
were introduced five years ago. the introductory prices were around
$0.30 - 50.60 per piece: but now HP is offering some models for as lit-
tle as $0.10 per piece (CS 3(4). p. 20).

Nitride LED Production
Capacity at HP
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Future Products

HP has plans to expand its nitride prod-
uct line by offering blue-green (~500 nm)
and true green (~520 - 530 nm) LEDs in the
future. They are also investigating the best
approach for producing a white light LED.
Two possible approaches are being studied.
The first is color conversion - the use of a
phosphor or organic dye inside the package
to convert the high power shortwavelength
emission of a blue LED into white light.
The second is color mixing - the integration
of red, green and blue LED chips into a
single package. Goodman says "At this
point we are not sure which is best, and
it is possible that both might have a

U2 e A = T AT T S I
"HP's use of a common
manufacturing process for all
of the products will be a big
advantage for customers who

need the full palette of colors"
T N S Vi o 1 G0 T e |

use. For simple illumination applications,
the three chip approach is probably better,
but it you are directly viewing the source,
then color conversion might be preferred.”
If, or when, HP can produce a true
green LED, they will probably be the only
company in the world that can offer a high
brightness LED in every color. Goodman
believes that HP's use of a common manu-
facturing process for all of the products will
be a big advantage for customers who need
the full palette of colors. “With our
advanced process” he said, “all of our radi-
ation patterns will match. This is important
in several applications, such as large full
color signs, because there will be no color
mismaich, even when viewed from the
side.” Thus the addition of nitride capabili-
ties should provide HP with several oppor-
tunities to expand their already extensive
compound semiconductor efforts.

Blue LED Market Forecast
$221 M
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Forecast for the blue LED market.
Compound Annual Growth Rate = 30%.
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Cree Achieves CW Blue Laser Operation,

Looks for Development Partner

n July 29 Cree Research announced that it has demonstrated contin-

uous wave (CW) laser operation of its GaN-on-SiC blue laser diode

at room temperature. Improved high reflectivity facet coatings,
which lowered the threshold current for lasing, were applied to new Cree
laser devices by Dr. Arto Nurmikko's group at Brown University. The CW
emission lasted for more than fifteen seconds, and the device had a thresh-
old current of 0.5 amps.

Just six weeks earlier the company had announced the first pulsed laser
operation from its blue laser with lifetimes of over an hour. (CS 3(4). p. 14).
This was the first ever demonstration of a laser diode on a SiC substrate.
(Since then, Fujitsu has also reported a SiC laser - see page 12.) That work
used a one microsecond long pulse to minimize device heating, and had a
threshold current of 1.2 amps. Ten days later. the company announced it had
extended the laser's operation to more than an hour.

In comparison, it is interesting to note that Nichia Chemcial - the only
other company to achieve room temperature CW operation of a blue laser
diode - required 11 months to move from their first pulsed diode to CW.

“This success really emphasizes the advantage of growing nitride laser
structures on SiC. SiC is a vastly superior heat sink to sapphire or other sub-
strates on which blue laser structures have been grown,” Cree Senior
Scientist, Dr. Kathy Doverspike, remarked.

Cree’s John Edmond reported that the CW device is very similar to the
first pulsed devices. It was grown on 6H-SiC at Cree using MOCVD. The
structure is a multi-quantum well (MQW) separate confinement het-
erostructure (SCH) consisting of an 8-well In, ;,Ga, . ,N/GaN MQW region,
with Al sGa, 0N waveguide regions and Al ;Ga, 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.

Edmond said “CW operation was achieved by reducing the threshold
current to a value whereby the SiC was able to adequately remove enough
heat.” The device lazed at 527 mA or 21 kA/cm?. The wavelength was 423
nm.

In other news, Cree is
said to be searching for a
development partner to
invest in the further devel-
opment of the laser. The
Raleigh, NC “News and
Observer” reports that the
company is talking with
two or three unidentified
Asian consumer electron-
ics companies about
investing up to $10 mil-
lion. *What we want is an
aggressive partner that
isn't afraid to bring in new
technology,” said
President Neal Hunter
says. Cree's investment to
date in blue-laser develop-
ment work has totaled
nearly $8 million, most of
which came from govern-
ment contracts

Epitaxial structure of Cree's blue laser. T!wl
active layer is a 8-well In0.14Ga0.86 N/GaN
MqgW structure
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Substrate News
HVPE GaN-on-Sapphire Substrate

pitronics Corporation, a subsidiary of ATMI (Danbury,

CT). recently announced the availability of engineering
quantities of a new type of GaN-on-sapphire substrates for
blue and green LEDs and laser diodes.

The new substrate is a thick layer of epitaxial GaN grown
on sapphire by hydride vapor phase epitaxy (HVPE). The
company claims that the HVPE GaN layers provide a high
quality base that enable homoepitaxial GaN growth and can
enhance the performance of the final light-emitting device. In
particular, Epitronics reports, the HVPE GaN layers eliminate
the need for the growth of a low temperature nucleation layer
prior to the creation of the device structure. The samples are
available in 2" diameter sizes.

High brightness LEDs with peak outputs ranging 430 to
515 nm and high quantum efficiencies have reportedly been
produced using the new substrates.

According to Dr. Joan Redwing, who leads Epitronics’
GaN group, tentative plans call for transitioning the HVPE
GaN product for LEDs into pilot manufacturing in 1998, with
full scale manufacturing in 1999.

New Sapphire Substrate Vendor

apanese materials manufacturer Shinkosha reports that it

has implemented a technique to flatten the sapphire sub-
strate and will start producing blue LED substrates by the end
of 1997. Developed by a research group led by Professor
Koinuma and Assistant Professor Yoshimoto of the Tokyo
Institute of Technology,
the technique heats the
Substrate at more than
900°C to reduce the sur-
face unevenness to
0.3nm, down from the
conventional [-2nm.

Shinkosha  says
they will be capable of
producing 2,000 2-inch
sapphire substrates per
month.  The sample
price is about ¥20,000
(5175.44).  Shinkosha
hopes that the new prod-

AFM images of ALO; substrate
uct will reduce the man- ~ Suiface before (left) and after
ufacturing costs of blue (right)  surface treatment.
LEDs Shinkoska says the result is a 3-6x
o+ reduction in surface roughness.
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Fujitsu Announces Second Silicon Carbide Laser

n July 24 Fujitsu Laboratories announced that a team from its

Research and Development Center in Atsugi, Japan, had

achieved pulsed operation of a GaN-on-SiC laser. Just 6 weeks
earlier, Cree Research had announced the first ever laser grown on SiC
(see page 10). Fujitsu is now the fifth group to achieve a GaN laser,
behind Nichia. Meijo University, Toshiba and Cree.

The 414nm laser was operated using a 300nsec pulse width and
0.03% duty cycle. The threshold current was 800 mA. with a maximum
output of 20mW.

In making their announcement, company representatives stated
their belief that the Fujitsu development program will provide a tech-
nology suitable for mass production of blue laser diodes. They stressed
the use of a conventional low-pressure MOVPE growth method similar
to what is used for volume production of red lasers. This is the first
known use of a low-pressure process to produce a working nitride-
based laser. Other GaN-development efforts are using atmospheric-
pressure MOVPE, which Fujitsu says requires complicated controls.
Fujitsu chose to use SiC instead of sapphire (the substrate of choice for
Nichia and Toshiba) for this work because the cavity mirror of laser is
easily made using cleaved facets. Moreover, SiC is a conductor, where-
as sapphire is an insulator; therefore, the reverse side of the GaN-on-
SiC diode can serve as an n-type electrode. This may allow use of con-
ventional methods of semiconductor laser production. SiC also has a
smaller lattice mismatch to GaN than sapphire.

Fujitsu hopes to make the technology viable by about year 2000 by
proceeding with research to reduce threshold current as well as voltage
and to control transverse mode. The SiC substrate used now is 0.4- to
1-inch-sized wafer made by Nippon Steel.

Substrate Debate in Montreal

The Fujitsu research group, headed by A. Kuramata, consists of
Just 3 scientists. One member, K. Domen, made the one of the first pub-
lic presentations of their recent results at the rump session of the LEOS
Summer Topical Workshop held August 14 in Montreal, Canada.

The MQW laser structure shown had a 3.5 um stripe width, and
used a backside contact (through the substrate) and the far-field emis-
sion pattern was that characteristic of a high order transverse mode.
The laser was run for more than 5 hours under pulsed conditions. “It
was very beautiful” said Dr. Domen of laser’s appearance. It made me
feel very cool in the hot Japanese summer”.

Not surprising, a lively discussion of the merits of SiC vs. sapphire
followed Domen'’s presentation. T used SiC long ago™ said Nichia's
Shuji Nakamura. “The threshold current is very large. I would use SiC
if the price was the same as sapphire.” Others also expressed concern
about the cost of SiC substrates. “My group would have to spend
$1000/day to use SiC” said Prof. S. DenBaars of UC Santa Barbara.

In response to a question of whether the noise performance and
temperature stability of GaN lasers would be good enough for applica-
tions, Dr. Domen suggested that the stability of lasers should be  good
on SiC. Dr. Nakamura responded that temperature stability of lasers
was fine on sapphire, and that his measurements indicated that noise is
not a problem.

The other issue that generated controversy was whether the mech-
anism responsible for lasing in nitride quantum wells was related to
quantum dots, composition fluctuations, and the like. Recent papers

have suggested that the InGaN active layers of Nichia’s blue laser
diodes grow as two dimensional arrays of quantum dots (or quantum
dot-like structures), rather than homogeneous, continuous quantum
well layers (CS 3(2), p. 24). But some controversy remains. “How
could a dot-laser have such a high gain?” posed one panel member. Y.
S. Park of the Office of Naval Research (ONR) cited this as a matter of
central importance. ONR is responsible for significant amounts of
nitride research funding in the U.S., and Park told the audience that he
had 4 research proposals on this topic on his desk already - prompting
some in the audience to indicate that he could expect to see more in the
future.

The pace of laser commercialization is likely to accelerate towards
the end of the year. Dr. Nakamura promised to present a new laser
structure with much better lifetime at the International Conference on
Nitride Semiconductors in Tokushima, Japan this October. The current
Nichia structure has run as long as 300 hours CW. Dr. Nakamura was
asked what the cause of failure is. His answer was that “after seeing our
new structure, you can see what causes our short lifetime”.

The evening also included a moment of historical perspective.
Peter Zory of the University of Florida recalled the rump session held
at the same meeting four vears ago. A vote was taken to see which
material system the participants thought would prevail in the market-
place - nitrides or II-VI's. They were prescient in voting for nitrides for
wavelengths shorter than 450 nm, because they had just heard of the
new results from Japan. But they were confident that II-VI's would
nonetheless prevail for wavelengths longer than 450 nm.

The vote was not repeated at this meeting.

special reporting by Eric Hellman,

Bell Laboratories, Lucent Technologies, courtesy of

“MRS Internet Journal of Nitride Semiconductor Research”,
http://nsr.mij.mrs.org/

Nitrides at the MRS Fall Meeting

his year’s MRS Fall Meeting includes a full program of GaN-

related activities. In addition to Symposium D, which is dedi-
cated to the most recent nitride research. the meeting will also
include a Tutorial Session on “Industrial Applications of GaN
Lasers™. The presenters include Ross Bringans of Xerox, who will
discuss uses for blue lasers in printing; Akito Iwamoto of the
Multi-Media Laboratory of Toshiba Corporation, who will discuss
applications in High Definition DVD System: and Robert Melcher
of IBM. who will discuss the opportunities and requirements of
blue lasers for use in displays.

Also at this year’s meeting, Shuji Nakamura of Nichia
Chemical is being honored with a MRS Medal for his pioneering
development of GaN-based optoelectronic devices. Dr. Nakamura
will give an overview of his laser diode research effort. And there
will also be a banquet honoring GaN pioneer Jacques Pankove.

The MRS Fall Meeting will be held in Boston. MA on
December 1-5. More information on symposium D and its related
activities is available on the WWW at

hetp:/fwww.zurich.ibm.com/pub/srt/mrssympd/
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Aixtron 1996 Results

Aachen, Germany. On August 29
Aixtron GmbH released a summary of their
1996 financial report. Turnover rose to DM
44.5 million (US $24.48 million), an increase
of over 70% compared to 1995. Operating
profit tripled in the same period, rising from
DM 1.7 million (US $935.000) to almost DM
5.3 million (US $2.92 million). Income
before tax rose to nearly DM 6.7 million (US
$3.69 million), primarily due to an increase
in income from overseas operations. Net
profit was DM 3.6 million (US $1.98 mil-
lion).

Aixtron also reports that the current
year is proving to be a healthy one. In the
first six months of 1997, Aixtron recorded
several new contracts for MOVPE systems
from the US, Asia and Europe. In the U.S.,
Rockwell, Kopin, Epitronics and Tecstar all
ordered Aixtron systems for the production
of solar cells, LEDs, lasers and transistors.

In Europe the Hahn-Meitner-Institute in
Berlin ordered three reactors, for research on
solar cells. Orders were also received from
EPFL in Lausanne. Switzerland and from the
Institute for Solar Energy Systems (ISE) at
the Fraunhofer Institute in Freiberg.
Germany. The EPFL system will be used for
blue laser research, and the ISE system will
be used for solar cell research.

Aixtron is also a partner in the European
RAINBOW project that commenced this
year. Four companies, Thomson and Philips
from France, and Epichem from Britain,
along with Aixtron, are collaborating with
four research institutes with the goal of
development of a technology for the mass
production of UHB-LEDs in various colors
and also the development of blue lasers. (See
CS 3(4), p. 24.)

Aixtron also reports the receipt of seven
system orders from Taiwanese companies
this year. Five will be used for the produc-
tion of LEDs and visible laser diodes.
Contracts were also received from Korea,
including one for the production of LEDs
from Samsung Electro Mechanics.

Aixtron 1996 Results

Revenue $24.48 M (up 70%)

Operating Profit ~ $2.92 M (up 320%)

Inc. Before Tax ~ $3.69 M

Net Income $1.98 M

$10 Million in Contracts for VG Semicon

Beverly, MA. VG Semicon announced in August that it has received contracts worth
in excess of $10 million from TRW and RE Micro Devices (REMD) for five model V100
MBE systems. TRW and RFMD are partnered in a strategic alliance aimed at developing high
volume commercial applications for TRW's AlGaAs HBT technology. Two of the five systems
have already been installed at TRW's Microelectronics Fabrication Center in Redondo Beach.,
California. Two more are scheduled to be installed by the end of 1997. The fifth system will
be installed at REMD's new fab, which is currently under construction in Greensboro, North
Carolina.

Larry Kapitan, Director of Process Engineering at REMD, said. "producers of minority
carrier devices understand the serious implications of MBE design and purity on device per-
formance. Using the well established TRW HBT growth techniques, the V100 system has
provided REMD with MMIC performance meeting or exceeding ICs from the single wafer
MBE systems. We are confident in our decision and this supplier.”

According to Phil Sullivan, General Manager of VG Semicon, a total of 25 V-100 sys-
tems will be in service worldwide by the end of 1997, and the company has "a very healthy
backlog of orders for delivery in 1998", The TRW/RFMD systems represent the first known
usage of multi-wafer MBE systems dedicated to HBT production. Sullivan says that the
remaining systems are used for PHEMTs, MESFETS, and a growing number of optoelectron-
ic applications.

"We are pleased with this repeat order from an industry leader in microelectronics. These
additional systems will dramatically increase TRW's capacity to produce commercial gallium
arsenide devices for wireless communications products.” said David Williams, Managing
Director of VG Semicon. "By focusing on product quality and innovation, VG Semicon has
established itself as the premier
supplier of this important semi-
conductor-production technolo-
gy." Williams also said that com-
pany is in the advanced stages of
development of a new MBE sys-
tem that would provide 3-4 time
more throughput. While the cur-
rent generation of systems are
designed for multiple 4" wafer
processing, the next generation
will also be capable of multiple 6"
processing.

Emcore Increases Foundry Services

Somerset, NJ. In August Emcore announced that it was increasing epitaxial foundry ser-
vices in its E2M and Pegasus divisions. The E2M Division, which was formerly called Echelon,
is Emcore's in-house epitaxial wafer foundry (E2M being shorthand for "Emcore Electronic
Materials"). The Pegasus Division is described as a "package-ready device foundry". It current-
ly fabricates InSb-based magnetoresistor sensors for General Motors.

The company says it is making this move to better meet predicted market shifts toward
increased use of semiconductor foundries. The company is relying on the Taiwan Semiconductor
(TSMC) foundry model, which advocates greater use of foundry expertise to provide single or
second source production level fabrication of their wafer and device designs. Emcore reports
increasing demand for foundry services, especially from users of Emcore's MOCVD reactors,
such as General Motors, as MOCVD-based prototype devices are moved from pilot production
to volume fabrication,

"Foundries have the flexibility needed to quickly ramp up production when a customer's
time-to-market pressures increase," says Bill Kroll, Emcore's Executive VP of Business
Development. "The bottleneck in reaching true production levels always resides in the process-
ing, and in compound semiconductor epitaxy. the bulk of the fabrication process is accomplished
in MOCVD reactors. No other foundry is able to supply Emcore's depth and breadth of MOCVD
expertise especially when it comes to working with TurboDisc systems, non-stop, round the
clock." says Kroll.
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EPI Reports Sales = : QED to Offer
New Facility for Frieberger C-Doped HBT Wafers
Saint Paul, MN. The EPI MBE ] { .
Products Group reports the recent receipt Freiberg, Germany. Freiberger Bethlehem, Pa. Working in close collab-
of a contract from the U.S. Army Research Compound Materials GmbH (FCM) has oration with Penn State University, Quantum
Laboratory in Adelphi, MD for the pur- opened its new production facility. the Epitaxial Designs (QED) has developed high
chase of a dual-chamber MOD GE.\'. [l large_sll Ga;-\.?; W ufelj Piunl mII:u\ro.p,cj‘ D‘ll_rl:rig c;lrb{;n-doped Hetetojunciion. . Bipolar
MBE System. One chamber will be used the nmugumuon_ ceremony TtpELhtmdli\L.'? Transistor (HBT) €]JiW11fCi‘ material. erown by
for the growth of antimonide films for of Federmann Enterprises Ltd., an Israeli MB]éI Bt hire volume “comineroial and
microwave and millimeter wave devices. investment company that took over the firm dcfen:;r: ‘lpp]iC&TiO]h’ This effort. funded t;\' %
The other will be used for solid source in 1995, handed over the symbolic key for Depali‘tllienl of Ilﬁc A Fn;rcc. Ru;n;-
MBE growth of lasers, modulators and the new factory to the management. Laboratory, Small Business Innovation
quantum well IR detectors. The new facility received investments Research (SBIR) contract, has developed high
EPI also reports that it recently deliv- totaling DM 65 million (US $38 million), p-type do.pinﬂ > 3.0 x 10%cm?®) cpiluxﬁl
ered a MOD GEN II System to the Device and will provide around 120 jobs. The facil- SratEral 1halhp1'm-'idcs fity actvatisn \-\-'ilh
Group at the Communication Research ity includes a 70,000-sq. ft. production and very little dopant diffusion. Initial results have
Laboratory (CRL) of the Japanese administration area that includes 20,000-sq. demonstrated a dc gain greater than 100 (with
Mlmstr} ol ot A T ierommyucahons ft. of clean room space. . a 5.0 x 10"em? doped base) and low hydrogen
R ok, RECKEN hioushab p.r_eder:'cssor. incorporation. The hydrogen incorporation
Freiberger Hek“'“"'}‘“'f'_'kﬁmtI'*‘_ (’fT‘hH‘ results are less than the SIMS detection limit
t(?lok o lh'é Cll:aalllju' dLIIl)\t,:EI\ Im JWﬁCI\'t’.‘[’ of 5.0 x 10"7/cm?, even when carbon doping is
“hemitronic GmbH in . In January sreafer-than 1.0 x 1087cm?
1997. Siemens AG, one of FCM's key cus- = I;\cu;rding to Dr. Ken Bacher, QED
tomers, acquired a 12.5% share of the com- Reseaichi & Development Engineering
pany (CS 3(3). p. 29). - Manager, “Carbon-doped HBT material grown
FCM reports that it is now the second by MBE offers the potential for improved reli-
1;1rge\.t_ manufacturer of semi-insulating ability due to reduced hydrogen incorporation,
gi‘?:ill[hgll\}mm‘t%l 2?(; ;C\\I'CHUUEI l“l;'{]_;_d and increased yields due to the inherent uni-
M 23.4 million (US 513.7M), and a 20% formity of MBE grown material”.
increase. to DM 28 million (US $16.4 mil- (jED currcrﬁly offers the carbon-doped
lion) is forecast for 1997. material on 3" substrates, and is planning to
offer 4" samples “as market demand dictates”.
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VENDOR NEWS

PicoGiga First Half Results

Les Ulis, France. Epiwafer vendor PicoGiga reports
that sales for the first half of 1997 were approximately FrF
25M (US $3M), roughly equivalent to sales for the year-ago
period. The company has been growing around 30% per year,
but revenues flattened out in the past six months because of
price erosion in commodity-type products. such as those used
in mobile telecommunications. In addition, the company has
been squeezed for production capacity - a situation that should
be improved, as the company reports that it is now occupying
its new, larger manufacturing facility. Operating profits for the
period are said to “surpass FrF 2M™ (US $400,000).

The company has also released a description of the pre-
sent geographic trends. Sales in the US are said to be up 30%.
Chairman Linh T. Nuyen said "The dynamism of the big US
programs in mobile communications using low orbit satellites
is the driving force behind the high end GaAs technology:
PicoGiga has given priority to this development trend as part
of our push to remain the premier supplier in our field." At the
same time, sales in Asia are down by as much as 50%. a fact
that PicoGiga attributes to weak commercial activity in the
region, and preferential concentration on the US market.
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Trends in Picogiga share prices since their first offering of
stock in June, 1996

Plasma-Therm Sales

St. Petersburg, FL. Plasma-Therm Inc., a manufac-
turer of plasma process equipment, has announced the sale of
three multi-chamber Versalock plasma enhanced chemical
vapor deposition (PECVD) systems to "a leading supplier of
high-speed gallium arsenide devices". They declined to name
their customer, but said they were "quickly becoming a lead-
ing supplier for state-of-the-art radio frequency devices which
leverage their unique gallium arsenide, silicon and heterojunc-
tion bipolar technologies" - suggesting that the company is RF
Micro Devices.

Scott Defarrari, President of Plasma-Therm. said that this
order confirms a trend toward fully automated systems which
address the special process and handling needs of I1I-V based
products. He also predicted that this order would be "one of
several opportunities where Plasma-Therm will provide multi-
chamber processing on the same fab line for Reactive lon Etch
(RIE), Inductively Coupled Plasma (ICP) Etch and PECVD

processing".

Kopin Shipping InGaP HBT Wafers

Taunton, MA. Kopin Corporation recently announced the availabil-
ity of InGaP HBT epi wafers which are intended to complement the compa-
ny's other offerings. Kopin is already a leading supplier of AlGaAs HBT
epiwafers. The InGaP wafers are currently available in high volumes, and
are said to be priced similarly to AlGaAs wafers.

Kopin's AlGaAs HBT epi wafers have been used by companies such as
Rockwell and others to build millions of power amplifier circuits for cellu-
lar phone and PCS handsets. See CS 3 (3), p. 39. The availability of InGaP
epiwafers is intended to give telecom circuit manufacturers greater flexibil-
ity. In comparison with AlGaAs, Kopin claims that the InGaP emitter struc-
ture delivers enhanced reliability and improved temperature stability for
higher frequency, higher current applications. In addition, they can be used
to simplify the formation of circuits by allowing more selective etching.

"We believe that InGaP HBTs will take HBT technology to the next
level of circuit applications,” said Dr. John Twynam of Sharp Corporation in
Tenri, Japan. "In addition to being simpler to process, which helps improve
yields. InGaP HBT devices have the potential to perform in a greater range
of power and temperature conditions."”

Kopin reports that InGaP HBT devices fabricated on their epi wafers
have demonstrated outstanding reliability in tests performed by Sharp.
Results presented at the 1997 Electronic Materials Conference showed no
device degradation after 10,000 hours under rigorous accelerated test condi-
tions (junction temperature (Tj) = 264 C, current density (J¢) 25,000A/cm?,
operating voltage (Vee) = 2V).

"InGaP HBTs exhibit greater temperature stability and reliability due to
their band gap structure, while incorporating the same clear advantages in
power added efficiency and linearity as the more mature AlGaAs HBT." said
Dr. Greg Stillman. Professor of Electrical Engineering at the University of
Illinois. "They are highly suitable for A/D (analog-to-digital) converters,
oscillators, and power amplifiers that will be used in higher frequency wire-
less. digital radar, collision avoidance and satellite systems."

"The performance and reliability provided by InGaP HBTS is para-
mount for our advanced 10 Gb/s fiber line system applications," said Dr.
Robert Surridge, Manager of the Integrated Device Processing Group at
Nortel Systems.

Telecom circuit providers introduced HBT-based power amplifiers to
the wireless handset market in late 1995.  Proponents of the
technology believe HBT power amplifiers can provide superior power effi-
ciency for longer cell phone battery life, excellent linearity for better signal
characteristics, and easy design-in which lowers handset cost by eliminating
excess components. HBT power amplifiers are also under development for
a new generation of high-speed fiber optic driver circuits for fiber line appli-
cations.

Typical InGaP HBT Structure

n+ InGaAs Contact Layer

Emitter n+ InGaAs Graded Cap
Layer n+ GaAs Cap Contact

n InGaP  Emitter
p+ GaAs Base

Base Layer -|

n- GaAs Collector

Collector
Layers

n+ GaAs Subcollector

GaAs Substrate

Kopin

Schematic of a typical InGaP emitter HBT structure offered by Kopin.
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TRW Forms Alliance to Supply GaAs
ICs for Fiber Optic Networks

RW has formed a strategic alliance with Multilink Technology

Corporation (MTC, Santa Monica, CA) to supply the later with digital
GaAs ICs for use in the transmission and switching equipment that links
consumers and businesses with high speed fiber optic networks.

“This agreement strengthens the business relationship that TRW has
been building with Multilink Technology since 1995.” said Timothy
Hannemann, executive vice president and general manager of TRW's Space
& Electronics Group. “Our superior gallium arsenide technology coupled
with Multilink's strong understanding of the commercial telecommunica-
tions and data communications markets will bring the speed of the informa-
tion superhighway to more businesses and home offices than ever before.”

The new alliance calls for TRW to purchase a minority interest in pri-
vately-held MTC. MTC will use TRW's GaAs HBT and HEMT technolo-
¢y to produce high-rate telecommunications and data communications sub-
systems for transmission and switching equipment used by telecommunica-
tions service providers. TRW is already engaged in a another strategic ven-
ture with RF Micro Devices, for the purpose of finding high volume appli-
cations for its HBT technology in wireless telecommunications. (CS 3(3).
p 32.) That venture focuses on analog circuits at frequencies below 10 GHz.

MTC describe its products as “on-ramps™ and “off-ramps™ for the fiber
optic information superhighway. The are used in modules that convert
voice, video. or data signals to optical signals -- or vice versa -- as the infor-
mation is switched between copper-wired networks that serve most homes
and businesses, and high speed fiber optic networks. The chips which TRW
is supplying include clock and data recovery circuits, laser drivers, and pre-
amplifiers. Most are based on HBTS, but there are also some HEMT circuits
involved, according to Bob Van Buskirk, who heads TRW’s GaAs business.

TRW is probably more well known for analog semiconductors than
mixed-signal and digital circuits. However, Van Buskirk reports, the com-
pany has been quietly exploring this field for the past two-three years.
MTC's current products operate at speeds ranging from 622 Mb/s to 2.5
Gb/s: Van Buskirk says that their access to TRW’s GaAs technology will
allow them to extend to 10 Gb/s in the future.

“We are excited about this new alliance and look forward to expanding
our line of products based on TRW's superior gallium arsenide technology.”
said Richard Nottenburg, president of Multilink Technology. “The agree-
ment further strengthens our ability to improve the performance, reduce the
cost and shorten the development time of communications products for our
customers worldwide.”

Raytheon Quiet on Plans for Sale of
TI GaAs MMIC Division

fficials at Raytheon say that progress is being made toward the sale of

the former Texas Instruments’ GaAs MMIC operation, but they are not
able to reveal the identity of any of the potential buyers. Raytheon has until
January to find a buyer under the deal struck with the U.S. Justice
Department to gain their approval of Raytheon's purchase of TI's Defense
Systems & Electronics Group in July.

The TI MMIC business accounted for around $40 million in 1996 rev-
enues. or roughly two percent of the $1.8 billion in total TI defense rev-
enues. After the sale Raytheon will retain its own existing MMIC capabili-
ties and, additionally, have the right to license TI's MMIC technology for
use in future product applications. -



NEWS BRIEFS

TriQuint Settling in At New Fab,
Growing Closer to Ericsson

TriQuim Semiconductor has nearly completed the transition to its
new fab in Hillsboro, Oregon. According to TriQuint President
and CEO Steve Sharp, the process at the new fab has been prelimi-
narily qualified. and TriQuint plans to be doing all of its production at
their new location by the end of this year.

The first half of 1997 was a successful one for the company.
Revenues were up 25% compared to the first half of 1996 ($35.3 mil-
lion vs. $28.2 million), and net profits were up 45% over the year ago
period (54 million vs. $2.7 million). The company also recorded a
record number of new design wins (see table).

In July Ericsson announced that it planned to develop 800 MHz
- 2.5 GHz RFIC’s using TriQuint’s MESFET process. The cell phone

TriCuint

giant plans to purchase wafers from TriQuint. but will do their own i o :

packaging. An Ericsson spokesperson said “the prime focus of this TriQuint Semiconductor has recently released a 240 page catalog
activity is to establish an Ericsson internal strategic resource of GaAs Jeaturing Wireless Communications division product offerings and
RFIC’s to compliment other RFIC’s products developed. based on GaAs foundry services. To request a copy, contact TriQuint at TEL

Ericsson Components internally developed processes...the combina- [1] 503 615 9000, FAX [1] 503 615 8901, or E-mail: sales@tqs.com
tion of technology now enables Ericsson Components to offer a full

range of RF ASIC components that represent the crucial functions TriQuint MC.I]OI‘ De5|gn Wins 1st Half 1997

necessary to maintain mobile telephony global leadership.” Wireless Telecom Computer
_ Accnflijigr' o Shu}rp. 'i‘Ericssulnl'a design cnm;ﬂunil_\* is cxpumlirllg 36 New Designs 19 New Designs 7 New Designs
it’s use of TriQuint technology and I anticipate at least 6 power ampli- —
fier products will reach production in 19987, Sharp :1Isu.l1 said [h;il[ he %4 iner'ﬁ.mp * 50192 SONET .45'90}{" Robjess
expects that this relationship will lead to design wins within Ericsson *12 RE(E""_H * 20G Cross Conned &3 Propretury Dulacomm
for TriQuint’s standard products as well. He believes that TriQuint is * I Transceiver * 8 AT SONET Links
on its way to becoming the leading supplier of GaAs chips to Ericsson. * 17 Foundry & Other * 7 Others

TriQuint also recently announced that it has released to produc- TriQuint's tally of major design wins in the first half of 1997. Each
tion a power amplifier/transmitter ASIC that will be used by Cellnet has the potential to generate revenues over $100,000 per year when
for wireless meter reading. and if it reaches production. -
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NEWS BRIEFS

QC Laser Used in
Room Temperature Sensor Application

One of last year’s most significant events in the field of semiconduc-
tor laser research was the report from Bell Labs of a quantum cas-
cade (QC) laser which operated at or above room temperature. (See
CS 2(6), p- 16.) Bell Labs scientists recently demonstrated the next log-
ical step in the evolution of this intriguing device by incorporating a QC
laser into a prototype sensor that could be used for gas detection and
pollution monitoring. Bell Labs says this demonstration unit is the first
laser-based semiconductor sensor that operates at room temperature and
has the potential for parts-per-billion sensitivity.

“This is a major accomplishment.” said Alastair Glass, director of
the Bell Labs Photonics Research Laboratory. “The tuning range and
peak power of these prototype laser sensors are unprecedented for mid-
infrared semiconductor lasers - about 10 and 100 times better, respec-
tively, than commercial lasers of this type - all of which must be
cooled.”

“This work opens up an entire field of uncooled, tunable mid- and
far-infrared laser sensors.” said L.N. Durvasula. program manager.
Defense Sciences Office, U.S. Defense Advanced Research Projects
Agency (DARPA), which partly funded the work. “This is a revolution-
ary development for sensor applications.”

The QC laser was invented at Bell Labs just three years ago.
Unlike most other laser diodes. which rely on direct band-to-band. the
QC lasers operate on transitions within the conduction subbands of mul-
tiple quantum wells. The newest versions can operate at or above room
temperature and can be continuously tuned to operate at any of a wide
range of single frequencies in the mid-infrared region. The laser’s
wavelength is determined by several factors. In manufacture, varying
the thicknesses of the epitaxial layers of the laser sets its wavelength,
and gratings can be added to make the wavelength more precise and
more stable. In use, the wavelength can be tuned by adjusting the tem-
perature or the electrical current.

The Bell Labs research team includes Jerome Faist, Claire Gmachl,
Federico Capasso, Carlo Sirtori, Deborah Sivco, James Baillargeon and
Alfred Cho, in collaboration with Professor Edward Whittaker of the
Stevens Institute of Technology in Hoboken. N.J.

“We're happy to have moved very quickly from basic research to
practical application,” said Federico Capasso, head of the Quantum
Phenomena and Device Research department. “The enabling technolo-
gy behind all this is the marriage of optics, quantum physics, and crys-
tal growth, in the QC laser, and we foresee a number of market oppor-
tunities for these portable. robust devices.”

Distributed Feedback QC Lasers

In a post-deadline paper at the CLEO/QELS Conference earlier
this year, Gmachl presented the research team's latest experimental
results.  She revealed that room temperature operation has been
achieved at wavelengths as long as 11.6 micron.

In addition, Gmachl made the first announcement of the use of a
distributed feedback (DFB) QC laser. Two types of DFB gratings were
examined. The first was a top-grating, fabricated by optical lithography
and wet chemical etching. This approach offers the advantage of being
relatively easy to fabricate. The second approach uses regrowth of an
InP top cladding layer over a similarly fabricated grating located direct-
ly above the waveguide. This approach offers stronger coupling and no
additional losses, and was found to allow an overall improvement in
performance.

The DFB-QC laser was used in the IR sensor in order to force sin-
gle mode emission in pulsed operation. The demonstration showed the
ability to achieve a high single mode tuning range of 25 cm', which is
believed to be an order of magnitude greater than commercially
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available lead-salt
lasers, as well as
high peak power
of 50 mW at 300
K for a 5.35
micron unit. This
allows better sig-
nal-to-noise per-
formance and the
use of uncooled
detectors. In
addition, the Bell
Labs team reports
that the laser per-
formance 15
encouraging  in

terms of its
robustness  and
portability. o ' P
The potential  The Bell Labs QC laser development team
applications for  (Clockwise Jrom top): Al Cho, Federico Capasso,

a sensor such as
the one currently
under develop-
ment are numerous. Environmental uses include pollution monitoring.
automotive emission sensing and combustion diagnostics: law-enforce-
ment possibilities include the detection of explosives or of fugitive
emissions from illicit drug-manufacturing sites. In addition, there are
several military applications like portable battlefield sensing of toxic
gases and biological toxins; as well as industrial process control. colli-
sion-avoidance radar and medical applications.

Bell Labs estimates that the current market for mid-IR sensors is
around $2 million/year, but it is severely limited by the current state of
the technology. They predict that it will in the "tens of million dollars"
range in 35 - 10 years.

Jim Baillargeon, Deborah Siveo, and Jerome Faist,
and Claire Gmachl.

Opto-Power Expands

pectra-Physics has announced plans for expansion at the facili-

ties of it's subsidiary Opto Power Corp. (OPC), a manufacturer
of high-power semiconductor lasers located in Tucson, AZ. OPC
will be getting a new 40,000 sq ft building to increase volume
capacity for semiconductor laser manufacturing.

This move is being made to meet current and anticipated mar-
ket demand for high-power semiconductor lasers, semiconductor
laser-pumped solid state (SLPSS) lasers and other semiconductor
laser-based products:

“With the strong emergence of semiconductor lasers, we are
seeing a technological paradigm shift that is comparable in impact
to the evolution from vacuum tubes to ICs in the electronics indus-
try.” said Patrick L. Edsell, president of Spectra-Physics Lasers.
“We intend to stay ahead of the capacity required to capitalize on
this huge market opportunity. The current expansion will support
the growth of our operations in areas of strategic importance and
help us maintain our industry leadership.”

Spectra has also leased a new 25k sq ft building at its
Mountain View headquarters to expand its SLPSS laser manufac-
turing activities.

Bell Labs
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NEWS BRIEFS

980nm Contracts for SDL
from Corning & Lucent

In July SDL announced the receipt of “a multi-million dollar contract™
to supply Corning Incorporated with 980 nm fiber-coupled pump
modules for use in optical fiber amplifiers modules. Optical amplifiers
are used in fiber opiic transmission systems to increase the optical sig-
nal power and reduce the need for electronic repeaters, and they repre-
sent a critical technology for the deployment of high bandwidth com-
munication networks intelecommunications, CATV and broadband
transmission systems including dense wavelength division multiplexed
(DWDM) networks.

In making the announcement, SDL said they have worked togeth-
er extensively to qualify the SDL pump modules for use in several key
applications served by Coming's amplifier products. The pump mod-
ules adhere to a rigorous qualification program aligned with Bellcore
reliability recommendations. According to Greg Dougherty, Vice
President, Communications and Information Products for SDL Inc.,
*_..this contract highlights our philosophy of working closely with
industry leaders to optimize the performance and cost combination of
products we offer while maintaining the highest standards for reliabili-
ty and service.” Corning is a leading worldwide supplier of optical
modules used in erbium doped fiber amplifiers (EDFAs) as well as other
photonic components. Additionally, Corning is the world’s leading
manufacturer of optical fiber.

Lucent Technologies

Earlier this year SDL reported that it had received a “significant”
contract from Lucent Technologies for 980 nm fiber-coupled pump
modules for use in optical fiber amplifiers.

The pump modules, to be manufactured by the SDL Optics divi-
sion, will be supplied to Lucent’s Network Systems Division and incor-
porated into optical transmission systems built at Lucent’s North
Andover factory. The company reports that “SDL Optics will be a
major supplier of pump modules for Lucent Network Systems in 1997,
At that time, this was the largest single order received by SDL for the
commercial telecommunications market: however, the Corning order
has now surpassed it.

SDL reports that it was one of the earliest suppliers of 980 nm
pump modules for EDFAs and currently supplies devices to many of the
largest and fastest growing telecommunications and CATV equipment
manufacturers around the world.

Record Order for
Semiconductor Laser International

emiconductor Laser International (SLI) recently announced that it

has signed a contract with an OEM to provide $2.2 million in laser
products through the rest of 1997 and into 1998. The order more than
doubled the company's backlog to a $4 million. according to Dr.
Geoffrey T. Burnham, president and chief executive officer of the com-
pany.

SLI will provide fiber coupled laser devices for use in Diode
Pumped Solid State Lasers (DPSSL). The end product will be applica-
tions in the industrial sector of the laser market, including cutting,
drilling and welding equipment. SLI declined to identify their customer,
but said that “this manufacturer’s products are used in a wide variety of
applications including the industrial, aerospace/military and information
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10 Gbps Coast-to-Coast Network
for North America

west Communications (Denver, CO) has concluded a number

of deals this summer which will allow it to implement the
first coast-to-coast 10 Gbps fiber network in North America. The
network will provide high-speed bandwidth for voice and data
communication to 115 cities representing 75% of the long dis-
tance traffic in the United States. It will also serve 14 major cities
in Mexico, and when finished in late 1999, will extend for 16,000
miles. About 2.000 miles in the western U.S. are already opera-
ble.

This will be the first network in North America that uses 10
Gbps transmission throughout the entire network. Other networks
have also implemented 10 Gbps transmission (commonly referred
to as OC-192), but only for certain sections such as major trunk
lines.

Qwest is building the network is largely by burying its cable
under railroad rights-of-way. Nortel is their primary contractor.
A Nortel spokesperson said the use of EDFAs (erbium-doped
fiber amplifiers) would allow the transmission lasers to be spaced
at 500 km intervals. The 1550 nm DFB transmission lasers and
the 980nm pump lasers for the EDFAs are fabricated at Nortel's
facility in Paignton, UK.

The cost of the entire network is believed to be approaching
the $2 billion mark. Qwest is funding the project in part by sell-
ing “dark fiber” to other companies. These deals allow companies
to purchase some of the 48 to 96 fibers in the cable for their own
use. In such situations the customer, not Qwest, will supply the
electronics needed to “light up” the fiber.

[Q@west Nationwide Network]

—f

Quest

Quest’s plan for deploying the first coast-to-coast 10 Gbps net-
work in the U.S.

processing sectors. The company is a proven supplier of OEM lasers
and has been a supplier of industrial material processing equipment for
more than 40 years.”

Commenting on the order, Burnham said, “SLI's dedication to its
clients, big and small, is matched only by our goal of becoming the lead-
ing supplier of high power semiconductor diode lasers. This agreement
is a significant step for SLI and its shareholders.” :



NEWS BRIEFS

Cree to Make Fake Diamonds

n a departure from their focus on semiconductors, Cree Research recent-

ly announced that it plans to develop SiC for fake diamonds for jewelry.
Cree has signed development and exclusive supply agreements with C3, a
company based in Morrisville, NC. Under the agreements, Cree will devel-
op and supply C3 with near-colorless SiC crystals, which are also known
by the mineral name moissanite. C3 plans to market moissanite as a supe-
rior alternative to cubic zirconia in jewelry applications.

Originally discovered in meteorites by Nobel Prize winner, Dr. Henri
Moissan, moissanite is extremely rare in nature. lts collective thermal con-
ductivity, hardness and refractive index properties are closer to diamond
than any other gemstone material. C3 reports that in a recent test, 93% of
jewelry store personnel surveyed mistakenly identified moissanite as dia-
mond.

The C3/Cree tie is based in part on family connections. C3 was
founded by Eric Hunter, who was also a co-founder and former CEO at
Cree Research. His brother Neal Hunter now runs Cree, and another broth-
er, Jeff Hunter, is president of C3. Jeff Hunter's wife, Paula Berardinelli. is
VP of marketing at C3.

Under the development agreement, C3 will pay Cree's costs plus a
profit margin to develop improved processes for manufacturing large vol-
ume crystals of the material. The five year agreement commits C3 to fund
program charges of up to $12 million, provided Cree achieves certain
development milestones. Additionally, C3 has the exclusive right to pur-
chase SiC for gemstone applications.

Cree officials noted that the development project s expected to bene-
fit the company's continuing efforts to make larger diameter crystals. “If
Cree and C3 are successful in achieving their objectives, the potential for
this business is tremendous. Cree's development of SiC has resulted in the
creation of yet another new product market. This opportunity plays right to
our strategy of being the industry leader in developing, manufacturing and
supplying high quality single crystalline SiC,” commented Neal Hunter.

A product release by C3 is scheduled for the first calendar quarter of
1998. According to Mark Hahn, Chief Financial Officer of C3, “After two
years’ development work, we are now significantly ramping up spending at
Cree in order to finalize production processes and support a major rollout
in the first quarter.”

DARPA Program in
Non-Lattice-Matched Crystal Growth

he U.S. Defense Advanced Research Projects Agency (DARPA) is

planning a new program aimed at developing new methods of crystal
growth that do not require the use of a lattice-matched substrate. The pro-
gram. which will be funded for $8 million over 3 years, is meant to include
compound semiconductors as well as other electronic materials which are
needed in single crystal thin film form. DARPA hopes to enable the inte-
gration of various types of device quality single crystal films - chosen for
their electronic, optical, and microwave properties - to be vertically and
horizontally integrated into a single package. regardless of their lattice con-
stants.

According to the solicitation, which was published in “Commerce
Business Daily” on August 15, the key will be “generalized solutions to the
substrate problem”. Examples of technical approaches include: projection
of two dimensional electromagnetic templates (x-ray standing waves or
electron interference patterns) during crystal growth using selective pho-
todesorption/adsorption of adatoms and/or force interactions; electric field
structured self-assembled monolayers for templated growth; thin film lift-
off techniques: or replica techniques to template crystal growth via
eraphoepitaxy on amorphous substrates,

Proposals are due in mid-November. Multiple awards are expected.
Interested parties are encouraged to contact Dr. William Coblenz,
DARPA/DSO. 3701 North Fairfax Drive, Arlington, VA 22203-1714, FAX
[1] 703 696 3999.
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CdZnTe Gamma Ray Detector from NASA

research team at NASA's Goddard Space

Flight Center (Greenbelt, Maryland)
reports that they have developed a new cad-
mium zine telluride (CdZnTe or CZT) detec-
tor array capable of locating gamma ray
bursts with unprecedented accuracy. They
believe the new detector will have several
applications in astronomy as well as commer-
cial applications, including medical imaging,
environmental monitoring, and non-destruc-
tive evaluation.

The research team was led by Dr. Carl
Stahle of Orbital Sciences Corporation,
(Dulles, VA) Peter Shu of Goddard's Solid
State Device Development Branch and Dr.
Neil Gehrels of Goddard's Gamma Ray and
Cosmic Ray Astrophysics Branch.

“These detectors will not only help solve
the mysteries of the universe, they may also
save lives,” said Stahle. He reports that
NASA Goddard is collaborating with a med-
ical imaging group the University of Arizona
in Tucson on a project to use another type of
CdZnTe array in a brain imaging instrument
capable of mapping very small areas of activ-
ity in the brain.

“The reason for the exceptional accuracy
of these detectors is the extremely fine strip
electrodes attached to the front and back of
each CZT chip,” said Stahle. “Each strip in
the electrode is separated by only 100
micrometers from its neighbor, about the
width of a human hair. When a gamma ray
strikes the CZT chip, it produces an electric
charge in the strip electrode. Since we are
able to pack so many strips into such a small
area, we are able to determine very accurately
where the gamma ray came from.”

“The novelty of the new array is that it
has many more detectors than ever packed
together before,” said Gehrels. “The area of
the strip detector array is nearly 60 square
centimeters with over 500,000 picture ele-
ments, or pixels. This is 100 times more pix-
els than any other array currently available.
Ultimately, we want to build an array four
times as large. Also, the spacing of the elec-
trodes is finer than previously achieved. The
result is that the gamma rays are located more
accurately within the array. This leads to a
better capability to position gamma ray emit-
ting objects in the sky.”

Applications

The most obvious application of the new
detector array 1s for studying gamma ray
bursts. “Solving the gamma ray burst mys-
tery is one of the top priorities in high energy
astrophysics,” said Gehrels. “Gamma ray
bursts are extremely distant, staggeringly
powerful explosions. In their brief lifetimes,
typically a few minutes, a burst will emit the
same amount of energy produced in one year
by an entire galaxy consisting of some 100
billion stars. No one really understands what
could release such a huge amount of energy in
such a short time. The problem is that no one
has been able to locate these bursts to the arc-
second precision needed to study their origin.
That is the key application of the new CZT
detector array. The array is a prototype for a
gamma ray burst mission that we have pro-
posed called the Burst and All Sky Imaging
Survey (BASIS).

Harrison Barrett, professor of Radiology

and Optical Sciences at University of
Arizona, elaborated on the possibility of using
a similar CdZnTe detector in a brain imaging
instrument.  “The instrument uses nuclear
medicine techniques to identify and locate
activity in the brain using gamma ray emitting
material. Because the arrays are so accurate,
the new instrument will allow extremely pre-
cise imaging. There are many areas of activ-
ity in the brain that are smaller than one mil-
limeter. No instrument available today can
image activity in areas this small. That is
what our collaboration with Goddard is
designed to do. Diagnostic applications of
this instrument will allow better characteriza-
tion of epilepsy and stroke,” said Barrett.
Better detector performance is also expected
to result in an entirely new class of high reso-
lution nuclear medicine scanners for such
clinical tasks as heart imaging and for the
improved detection of breast cancer.

The Goddard team believes that there are
many other possible commercial applications
for these arrays. “Unlike other gamma ray
detectors, these arrays do not require cooling
with cryogenic fluids, so they are portable.
This allows them to be used wherever accu-
rate detection of gamma rays is necessary, and
it 1s surprising how many industrial situations
require this,” said Stahle. Examples include
monitoring radioactive waste storage sites or
to verify nuclear treaties, as well as probing
the interiors of structures and equipment.
looking for faults without disassembling
them. “We even have a soda company that
plans to use gamma rays to determine if its
bottles are filled to the correct level,” he
reports.

NASA Goddard Space Flight Center.

CZT strip electrode gamma ray detector, = 1.5
centimeters (0.6 inches) square. The vertical
lines are spaces between individual strip
electrodes, which are attached to the front and
back of the CZT chip. The spaces between the
electrodes are 100 microns across, about the
width of a human hair. When a gamma ray
strikes the CZT chip, it produces an electric
charge in a strip electrode.

Kevin Matherson, University of Arizona.

Image taken with a prototype CZT pixel gamma ray
detector approximately one inch square and
containing 4096 picture elements, or pixels. The
object is a model of a slice of the brain injected with
radioactive technetium that emitted gamma rays at
140 KeV. White areas represent the highest
intensities of gamma rays. In an actual brain,
gamma ray emitting material will be injected into
the bloodstream, revealing blood flow patterns.

CZT detector array, with an area of nearly

60 square centimeters. It includes over
500,000 picture elements, or pixels.
Readout electronics are in the lower right
corner.  The large number of strip
electrodes packed into this small area
provides unprecedented resolution. The
array functions at room temperature.
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Feng to Receive David Sarnoff Award

nEN
Milton Feng, recipient of the 1997 IEEE
David Sarnoff Award.

EEE has announced that the 1997 David

Sarnoff Technical Field Award will be con-
ferred on Milton Feng of the University of
[llinois. The award is being made to honor
Feng's contributions to the theoretical and
experimental understanding of the fundamen-
tal speed limitations of MESFETs and
HEMTs.

Feng has been a professor of electrical
and computer engineering at the University of
[linois (Urbana, IL) since 1991. He began his
career at Hughes Aircraft (Torrance, CA) in
1979, researching IlI-V material technology

for microwave devices. In 1983 he developed
ion-implanted low-noise and low-power
MESFETS that lead to a demonstration of 60
GHz GaAs amplifiers. He joined Ford
Microelectronics (Colorado Springs, CO) in
1984 to manage digital and microwave/mil-
limeter-wave 1C programs.

According to the IEEE citation, Feng's
work has promoted understanding of the
speed limitations of MESFETs and HEMTs.
Since the latter's invention in 1978, they have
attracted attention because of their potential
application to high-speed transistors. It had
generally been though that such transistors
made with high electron mobility resulting
from a two-dimensional electron gas would be
unusually fast. Feng showed that the crucial
factor is actually high field velocity. Since
1992, he has developed ion-implanted GaAs
MESFETs with noise and gain performance
comparable to those of GaAs HEMTSs. con-
cluding that high field gate and drain diffusion
noise dominates their noise performance.
Feng has transferred this low-noise MESFET
technology to several GaAs IC companies.

The holder of five patents. he has pub-
lished more than 100 papers and received
such honors as the Ford Aerospace Corporate
Technology Outstanding Principal Investi-
gator Award (1989) and the Beckman
Research Award (1994). Feng received his
B.S. from Columbia University (1973), and
his M.S. (1976) and Ph.D. (1979) degrees
from the University of Illinois.

New EpiWafer Vendor

In July, Epitaxial Technologies, LLC (“ET")
announced its start of operation as a manu-
facturer of epitaxial wafers products for the
wireless and optoelectronic telecommunica-
tions market. The company operates out of
the University of Maryland Baltimore County
(UMBC) Technology Enterprise Center.
Products will include GaAs, InP, and InSb
epiwafers, offered as either standard products
or custom growths.

According to ET's Leye Aina, the com-
pany was started to capitalize on opportunities
for electronic and optical materials needed for
wireless telecommunications, PCS handsets,
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CATYV, base stations and satellite telecommu-
nications components. He said “Epitaxial
Technologies' mission is to develop and man-
ufacture high quality epitaxial compound
semiconductor wafer products at a lower cost
and in a more timely fashion than is available
from existing suppliers of these products.”
ET received a grant from the Maryland
Department of Business and Economic
Development’'s  Challenge  Investment
Program which makes equity investments in
early-stage technology companies. The com-
pany has also been awarded SBIR and STTR
contracts to develop new wafer products.

(89
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Red Lasers Due in Time for DVD-RAM Drive Debut

Special Report from the InterOpt ‘97 Conference in Japan

BY YOSHIKO HARA

MAKUHARI, Japan — Laser manu-
facturers showed off high-power red lasers at
the recent InterOpt ‘97 here, promising that
the parts—key components for the coming
wave of DVD-RAM drives—will be available
in volume in time for the drives’ year-end
market introduction.

Mitsubishi Electric Corp. plans to begin
what would be the industry’s first volume pro-
duction of high-power red lasers.
Competing vendors at the show

to 200,000 units per month by September
1998. “Less than 1,000 yen [around $8.80] is
our target price when the production volume
reaches 200,000 units,” said Aiga.

Mitsubishi attributes its ability to ramp
production quickly to its adoption of 3-inch
GaAs wafers—the largest available substrates
now being used for the parts. “About 15,000
lasers can be cut out from the 3-inch wafer,”
said Aiga.

Hitachi

Hitachi Ltd. is believed to be running
second in the race to bring high-power red
lasers to market. October production is
planned for Hitachi’s entry, which is sampling
now.

The company is focusing the efforts of
its various subsidiaries on DVD-product
development, with plans to grow the total

business to about $9 billion (1 trillion

acknowledged that Mitsubishi is ahead
of the pack; most are sampling product
now, with plans for volume production
later this year.

The bulk of the parts feature a
wavelength of around 658 nm, rather
than 650 nm as specified in the DVD-
RAM document. Engineers at the show
said that the tolerance is a necessary mar-
gin to ensure stable emissions, and they
claimed to be negotiating with drive
engineers to convince them to implement

Special Report: N
3, DVD Lasers

yen) annually.

“Major components for DVD-RAM
drives were developed within Hitachi
groups,” Osamu Numata, general man-
ager of Hitachi’s Optical Data Storage
Systems Operation, said in April when
the first DVD-RAM drives were
announced.

High-power lasers are certainly one
of those essential components. With an
eye toward extending device life by min-
imizing operating temperatures, Hitachi

the higher wavelength in their drive
designs.

All of the lasers exhibited were also said
to achieve less than 130 dB of relative-inten-
sity noise (RIN). That level would meet
requirements for practical use.

Mitsubishi

Mitsubishi has been sampling its lasers
at $44 apiece since May. Output power of the
658-nm-wavelength devices is 35 mW contin-
uous and 50 mW pulsed. The parts operate
off 2.7 V and 85 mA.

The company is betting that its head start
will help it grab a 50 percent share of the total
market for high-power red lasers by 2000,
said Masao Aiga, project manager for
Mitsubishi’s opto-device project.  The
Electronic Industries Association of Japan
projected in May that the DVD market will
grow to 30 million units worldwide by the
turn of the century, with computer peripher-
als, including DVD-RAM drives, expected to
account for nearly 70 percent of those units.

Mitsubishi plans to ramp production
from next month’s startup levels to 20,000
units per month by this September. and then

Mitsubishi’s laser features a facet-with-
window structure, which is claimed to prevent
facet breakage. Doping zinc onto the active
layer near the facet causes the crystalline
structure of the end of the active layer to
become transparent to laser light. The win-
dow structure is claimed to guard the facets
against breakage at more than 150 mW of
output power, whereas 90 mW of output will
typically break a facet without the window
feature.

Industry experts at the show said the
technology will be essential for the volume
production of lasers.

“The idea itself has existed for a long
time, but implementation on a volume pro-
duction line is another matter,” said Aiga.
Mitsubishi previously had used the technolo-
gy for a 685-nm laser with a 30-mW to 60-
mW output. “We have much experience with
solid-phase diffusion technology, which is
used to diffuse zinc in the active layer.” Aiga
said.

Increasing the facets’ durability is
claimed to give the lasers a life span of 10,000
MTTF (mean time to failure) at 60°C.
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engineers are focusing on lowering the
operating current of the laser. So far,
they’ve managed to bring it down to 90 mW.

Hitachi’s laser is evaporated on a slant-
ed substrate to widen the bandgap and there-
by shorten the wavelength.

The tentative specifications are for a
660-nm wavelength laser in a 5.6-mm-diame-
ter package emitting 35 mW continuously and
50 mW pulsed, over an operating temperature
range of -10°C to +60°C.

Hitachi guarantees less than 1 percent
failure in 1,000 hours at 60°C. *“[Other] ven-
dors would say a 10,000-hour life, but it is a
simulated MTTF life, and the failure rate over
time is uncontrollable,” an Hitachi spokesman
said.

Toshiba

Toshiba Corp., which has spearheaded
the DVD format in tandem with Matsushita
Electric Industrial Co. Ltd., also plans pro-
duction volumes this year for a red laser it is
sampling now.

Toshiba intends to offer its laser with
high-speed front automatic power control
(APC). The bipolar APC detects and feeds
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back the wavelength changes to stabilize the
wavelength and thereby minimize noise. APC
is already used in some magneto-optical drives
and eliminates the bulky circuitry otherwise
required for high-frequency modulation.

A Toshiba spokesman said the company’s
high-power red lasers will be manufactured on
the same line as its 5-mW lasers to speed the
production ramp once development is com-
plete.

Matsushita, Sharp, & Sanyo

Matsushita, meanwhile, has developed a
red-laser pickup for DVD-RAM drives. That
laser is a 650-nm device with 30-mW power.
Sakon Nagasaki, director of the Matsushita
DVD Business Planning Office, said when the
device was developed in May that the compa-
ny would aggressively sell the pickup on the
merchant market. But no marketing plan has
yet been disclosed. Consumption of the laser
and pickup has so far been limited to internal
customers.

Sharp Electronics Corp. came to the
exhibit with a 30-mW 635-nm laser for write-
once heads that’s being codeveloped with
Pioneer. “We are focusing on increasing the
power of continuous emission. So far. no sam-
ple is available yet,” said a Sharp spokesman.

The early leader in the market for shorter
wavelength lasers has been Sanyo Electric Co.
Ltd., which announced a 635-nm, 5-mW
device in 1994, Last March, Sanyo announced
another 635-nm laser. which operates up to
80°C for DVD-ROM players in automobile-
navigation systems.

Sanyo entered volume production on
635-nm lasers in December and, according to
a spokeswoman, is producing 200,000 units a
month, largely for pointer and non-pickup
applications. A 30-mW type is also included
in the Sanyo portfolio, but the company is
watching the market’s development before
making plans for the part, the spokeswoman
said.

This story appeared originally in EE
Times and is reproduced here by permission.

fter the InterOpt ‘97 Conference (see

above), Sharp Corporation announced
plans to increase their semiconductor laser
production capacity by 20% to 6 million
units a month in the second half of 1997.
The company says this move is being made
in response to increasing demand for laser
diodes in applications such as CD-ROM
and video CD applications. The products
most in demand are the 780 nm lasers, espe-
cially those with hologram glass on the
emitting surface. Sharp plans to invest “bil-
lions of yen™ to install additional GaAs pro-
cessing lines at its Nara plant and to
increase post-production capacity at its
affiliate Sharp Niigata Electronics Industry.
The Nara plant is the base for Sharp’s pro-
duction of GaAs chips and is also their sole
laser diode fab.

Sharp is_often considered to be the
largest supplier of optical semiconductors
in the world. For 1996. they supplied and
estimated 12.6% of the worldwide market.

In related news, the company also
detailed its plans for some of its key market
segments. First, the company says it will
advance into the home optical LAN market.
Anticipating that demand for home optical
LAN systems will increase as more fiber
networks are in place between central
offices and homes. the company has started
shipping 680nm red semiconductor laser
samples o communications equipment
makers. While 1.55- and 1.3-micron lasers
are used for long-distance trunk optical net-

Sharp Increases Semiconductor Laser Production

works, Sharp regards the 680nm laser,
which can be produced at low cost, as a
promising option for the home LAN sys-
tem. The company will develop a system
for easily connecting the laser and optical
fiber and seriously launch the business two
to three years.

Sharp also says it will double MD
(mini-disk) optical pick-up production. On
the back of an increasing demand for
portable MD players, the company has
developed a very-small optical pick-up and
will produce it at its Hiroshima plant from
August. boosting its total MD pick-up pro-
duction to 400.000 units per month by vear
end. The new pick-up comes in two mod-
els: the recording/playback model is 1/3 the
size of its predecessor and weighs only 7g.
The company, which predicts the world’s
demand for MD optical pick-ups will grow
to 11 million units in fiscal 1998, will make
an additional investment by summer 1998
in an attempt to expand the monthly pro-
duction capacity to 500,000 units and grab
over a 50% share of the global market.

And finally, Sharp says it is now ready
to mass-produce DVD-RAM Tasers. The
company is testing a 635nm laser with an
output of 30mW in order to increase heat-
resistivity from 40°C to 50°C and the life
cycle to 10,000 hours. The company plans
to begin volume production once orders
come in, and says that it will be able to pro-
duce up to 1 million units per month.
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Other Laser News

Sony reports that it will increase semi-
conductor laser coupler production to 7
million units per month in fiscal 1998. The
laser coupler integrates a laser and a photo
detector on a single chip, reducing the num-
ber of components comprising an optical
pick-up and helping increase reliability. The
company, which currently produces 5 mil-
lion laser couplers per month principally for
music CD players and CD-ROM drives, will
launch complete production at subsidiary
Sony Shiroishi Semiconductor to boost out-
put to 7 million units. Sony says it will also
increase production of DVD lasers.

subsidiary.

Tottori Sanyo Electric has also
announced that it will expand semiconduc-
tor laser production. In response to the
growing demand for CD-ROM and DVD-
ROM lasers, the company will raise frame-
type laser production to 3.5 million units a
month, a 130% increase over the current
level, by April 1998. Plans also call for dou-
bling production of stem-type lasers for
DVD-ROM to 1 million units a month by the
end of 1998. Toward these goals, the com-

1zation in 1998.

pany will invest 2 billion yen ($17.2 million)
to install additional lines at its plant and a

Matsushita Electric has developed a
semiconductor laser-based repeater unit
which is used to allow cellular phones to
function in out-of-the-way places, such as
large tunnels and subway stations. The unit
converts 800MHz and 1.5GHz radio signals
from cellular phones into optical signals with
little distortions and transmits the signals
over an optical fiber to a ground base station.
Capable of covering 500m in radius and sup-
porting nearly 30 channels, the unit will be
priced at about 300,000 yen ($2,632) exclud-
ing installation costs. It is possible to con-
nect the unit with multiple ground base sta-
tions. Matsushita is aiming for commercial-

NEC says it has developed a DFB laser
diode module with a non-relay data trans-
mission over a distance of 600km. The
NDL7910P is made using NEC's unique
selective MOVPE growth technique to form  1998.

a DFB laser and a modulator on a single sub-
strate simultaneously. Designed for use in
2.5Gbps trunk optical communications
applications, the 1.55-micron laser module
helps extend the data transmission range
fivefold to 600km without using relays. The
sample price is set at ¥800,000 ($7,080).
NEC plans to produce 3,000 units per
annum.

Mitsubishi Electric has developed
small, high-performance optical commu-
nications modules. The transmission laser
module uses a waveguide lens-integrated
semiconductor laser that directly links with
an optical fiber without using an optical lens.
The reception module integrates a low-
capacity photo diode as well as a low-noise
amplifier and achieves a reception sensitivi-
ty of -36dBm, the highest of its kind. The
new modules are 1/5 the size of convention-
al products and cost about Y5,000 ($43.10),
half the price of other models. Shipment
begins in October, and the company plans to
be producing 10,000 units a month in late

NTT Reports on Technique to Slash MMIC Costs

n late July NTT reported that its Masterslice 3D MMIC technology has demonstrated

the potential to reduce the time and cost of developing MMICs to just 10% of their
current levels. The company hopes that this approach will help to expand the applica-
tions for both GaAs and Si MMICs. The key benefit of the 3D technique is that it reduces
the area required for a circuit component by 66-95%, which leads a 3-5 fold increase in
the integration level. In addition, the time to develop new MMICs is greatly reduced.
NTT has developed new CAD tools for 3D MMICs, and says that they will be made
available to other companies in order to enhance the MMIC development environment.

3D Design

The 3D MMIC design allows a much higher density than existing MMICs. Its
structure consists of stacked polyimide layers, each approximately 2.5 um thick. See
Figure 1. Conductor strips and ground metals on the surface of the layers are intercon-
nected through tiny via holes. NTT engineers report that, owing to the narrow line width
and line spacing of less than 30 um, the 3D MMIC easily realizes integration levels as
high as 3 -5 times that of conventional planar MMICs, and also enables the design a par-
asitic-free MMIC.

The 3D MMIC approach was developed in order to reduce the size of the MMIC
chips. In a conventional design, passive components may occupy as much as 80% of the
chip's footprint. But the passives are stacked in the 3D MMIC design, so the area they
occupy is 1/10 or less that of 2D MMICs.

Miniaturization of passive circuits also enables significant reduction in the size of
active circuit components. NTT reports that it has built single-chip 3D MMIC receivers
wherein the amplifiers and mixers are reactively impedance-matched, and the circuits
are stacked above and below a ground metal between the polyimide layers. The overall
chip size was 2 mm x 2mm, and the area required for these amplifiers and mixers was
less than 0.4 mm?, which is around 1/3 the requirement for 2D MMIC amplifiers.
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Figure 1. The basic structure of the 3D MMIC.
Many units, each of which contains transistors,
resistors and the lower electrodes of MIM
capacitors, are repeatedly placed (nearly 6
units/mm?) on a GaAs or Si wafer to form a master
array, and the entire wafer surface is passivated.
On-wafer elements not selected for microwave
circuit design are covered with a ground metal,
GNDI. Thin polyimide layers (and an additional
ground metal, GND2, as occasion demands), are
stacked over the wafer and GNDI to complete the
3-D MMIC design. The upper electrodes of MIM
capacitors are used for GNDI in order to maximize
the space. Therefore a space for many miniature
passive circuits is created over GND1. GNDI and
the polyimide metal layers provide passive circuits
whose performance is not affected by the substrate
properties.

Semiconductorwafer (GaAs, Si)
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Masterslice Technology

NTT's implementation of the 3D design in done through the use of a masterslice derived
from the 3D MMIC structure. The masterslice is a wafer with a master array fabricated on it. The
master array consists of numerous array units from which various circuit elements can be creat-
ed. The ground metal (GNDI1) layer masks unused circuit elements within the master array.
Therefore, passive circuits stacked over GNDI can be freely designed based on the master-array
component locations. The GNDI layer enables the semiconductor device process to be separat-
ed from the metallization process. Furthermore. masterslice wafers can be fabricated in advance
since the wafers are made by the semiconductor device process using a fixed master array. As a
result, 3D MMIC chips can be developed by just the metallization process.

NTT reports that this technology can cut the turn-around time of a new chip development to
less than half that of conventional technologies since only the metallization process is required.
See Figure 2. Furthermore, a cost reduction is expected since the technology does not need a
semiconductor process (and a corresponding mask set) for each MMIC development. This is
because masterslice wafers are mass-products regardless of each MMIC structure.

New Design Tool

NTT is embodying the Masterslice 3D
MMIC design in a new Computer Aided
Design (CAD) tool. The CAD software is
based on the High Frequency Circuit
Simulator Series IV from Hewlett-Packard.
They believe that the new CAD tool will
allow even greater reductions in turn-
around-time than those shown in Figure 2
due o its automatic routing of transmission
lines and the effective use of library cir-
cuits for the masterslice 3D MMIC. NTT
says that they will make the tool available 0
to other companies, in the hopes of stimu- Conventional  Masterslice
lating industry-wide progress in MMIC MMIC 3D MMIC

[ metalization process
| | M semiconductor process
pattern layout
g circuit design
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design.

Figure 2. Estimated reduction in turnaround
time (TAT) through the use of 3D Masterslice
. . i technology. Significant savings are achieved

Figure 3 shows NTT's estimate of the  pocause a new semiconductor process and corre-
cost reduction possible by using the  sponding mask set are not required for each
Masterslice 3D MMIC technology. The MMIC development. Instead, changes can be
GaAs 3D MMIC technology is expected to  achieved by variations in the metallization alone.
reduce total cost up to 50% compared to
that of a conventional GaAs MMIC. The
GaAs Masterslice 3D MMIC raises the
cost reduction to around 65%.

The 3D MMIC technology is also
applicable to Si wafers. NTT has pro-
duced a 6-10 GHz band, 8-dB gain, reac-
tive-matching amplifier with an area of 0.5
mm* by using Si bipolar transistors. The
emitter size is 0.3 ym x 120 pm, Its maxi-
mum frequency of oscillation (f,,,) was 30
GHz. Other components such as VCOs B 6-12%
and mixers also exhibited excellent perfor- ' 3 o
mance in the C and X bands. The NTT 0
engineers report that Si 3D MMIC operat- Conventional ~ GaAs GaAs Si
ing frequency can achieve 1/3 the f,,, of Si CeihME ";‘%sﬁr;';ée h;?fqalfée
transistors. Furthermore, they believe that
Si 3D MMIC chip-cost can be significantly
reduced - by a factor of 10 or more - due  Figure 3. NTT's estimate of the cost savings
to large scale inex pemi\'e wafers and three- pn_\-‘\-fb[g f)y gppb 3D MMIC and Masterslice 3D
dimensional high-density implementation. ~ MMIC designs.

Total Cost Reduction

10} Cost Savings
el by MMIC Type

L ~50%
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Beyond the X-Band

High frequency applications will be the
next growth area for analog GaAs ICs.

Raytheon is ready.

MARIE MEYER

MICs are not just for the military
anymore. Demand for GaAs ICs is
rising quickly in several applications

at and beyond the X-band. (See Figure 1 for
a refresher on band designations.)

Recent studies suggest that high frequen-
cies represent the fastest growing segment of
the analog GaAs market. According to
Strategies Unlimited,’ applications above 15
GHz will grow to 21% of the total market. or
nearly $300 million, by 2000. See Figure 2.
Uses will include satellite communications,
millimeter-wave radar sensors for military
and consumer automotive, and newly emerg-
ing communications at 28 GHz and 38 GHz.
Of course the lower frequencies will still
encompass the highest volume applications
for GaAs, but it appears that there will be
good opportunities for several companies to
leverage their GaAs expertise for systems
beyond the X-band.

“GaAs IC and FET Market Review and Forecast 1996 -
20007, Strategies Unlimited, (1997) $3,950.

Microwave & Millimeter-Wave

Band Designations (up to 110 GHz)

Band Frequency
Microwave  L-band 1-2 GHz
S-band 24 GHz
(-band 4-8 GHz
X-band 8-12 GHz
Ku-band 12-18 GHz
K-band 18-26 GHz
Ko-hand" 26-40 GHz
Millimeter  U-band* 40-60 GHz
V-band 50-75 GHz
E-band 60-90 GHz
W-band 15-110 GHz

*There is also on overapping Crband designation from 33-50 GHz
Figure 1. Band deisgnations for microwave
and millimeter-wave frequencies up to 110 GHz.

GaAs MMIC Wafers from Raytheon Microelectronics.

Raytheon is a major supplier of RF GaAs
ICs for cellular and PCS applications. But
they are also one of the top contenders for
leadership in the high frequency field. Their
ITI-V activity is based at the Advanced Device
Center, which is the wafer fabrication, design
and production operation of the Raytheon
Microelectronics Division. Both are located
in Andover, MA. (Silicon chips, such as
DC-DC converters and multimedia video cir-
cuits, are produced by the Raytheon
Semiconductor Division in Mountain View
and San Diego, CA.)

The wafer fab in Andover includes both
R&D (on 3" wafers) and production (done
entirely on 4" wafers since early 1995). In
addition to the 80 people working in R&D,
Raytheon has over 115 in MMIC and module
design and approximately 225 in the produc-
tion areas. The technologies that are current-
ly in production include (.5-micron low noise
and power MESFETS: 0.25-micron power and
low noise PHEMTS; and 0.15-micron power
PHEMTs. HBT and InP circuits are said to be
under development.

PHEMTs currently account for approxi-
mately one-third of Raytheon’s current pro-
duction. See Figure Three. According to Jim
DiLorenzo, who heads the Microelectronics
Division, production of PHEMTs will
increase by a factor of 4 -5 by the year 2000.
MESFET production is booming, too, and the
GaAs fab, currently working 7 days a week,
24 hours a day, is nearing full capacity.

In January of this year, Raytheon agreed
to spend more than $12 billion to acquire the
defense electronics businesses of both Texas
Instruments and Hughes Electronics. As orig-
inally planned, these deals would have rough-
ly doubled Raytheon's GaAs capacity.
However, the U.S. Justice Department is forc-
ing Raytheon to divest the TI GaAs fab. due
to anti-trust concerns (see page 16). The com-
pany will have to rely instead on internal
expansion and the yet-to-be-completed
Hughes merger to relieve the current crunch.
The internal expansion will likely include
both the additions of new processing lines as
well as transition to 6" wafers (for both
MESFETs and PHEMTS) in the very near
future.

Analog GaAs IC Forecast
T 1 [l>156Hz
= D 10-15 GHz
g B 3-10Ghz
g 51000 . < 3 Ghz Ghz
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Figure 2. The forecast for the analog GaAs IC
Market. The fastest growing segment is fre-
quencies at 15GHz and above, which will
expand from just 3% of the total market in 1996
(820 million) to 21% in 2000 ($280 million).
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GaAs Wafers at Raytheon
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Figure 3. GaAs wafer production at Raytheon
by device type.
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DBS Receivers

The most familiar commercial applica-
tion for high frequency GaAs is Direct
Broadcast Satellite (DBS) TV receivers which
operate at 10 - 13 GHz. Raytheon has been
active in DBS since 1991, and has shipped
almost 6 million GaAs circuits for this appli-
cation to date. See Figure 4. Most of these
are MMIC downconverters based on a 0.5
micron MESFET process, offering typical
noise figures around 6.5 dB, with 35 dB con-
version gain. In the near future Raytheon will
introduce a PHEMT-based LNA MMIC for
use in the front end of the DBS receiver low
noise block (LNB).

Raytheon has enjoyed impressive
growth in their DBS business (see Figure 4),
but they acknowledge that it will be difficult
to keep up this pace. “New services like
DirecTV and PrimeStar have helped boost the
U.S. market for receivers” said Dave Laks,
Raytheon’s Wireless Component Product
Line Manager, “but overall the market is
slowing down due to saturation in other coun-
tries that adopted DBS at an earlier date”. He
reports that much of Raytheon's recent
growth has come by expanding their market
share at the expense of other MMIC vendors
and suppliers of discrete solutions.

Satellite Hardware

As growth in the DBS area is slowing
down, the expansion of the space hardware
area 1s speeding up. The number of satellites
being launched each year continues to grow
(see Figure 5), and each one may carry up to
3,000 GaAs MMICs in their antennae.

“Right now, satellites represent the best
commercial area for high frequency GaAs,”
says Bart Van Rees, who manages Raytheon’s
Space Communications Products. Raytheon
has become a major player in this field. For

example, they are supplying the main mission
antenna transceiver systems for the 66 satel-
lites in Motorola’s high-profile IRIDIUM®
project. They are also provisioning the 56-
satellite Globalstar™ project, which is spon-
sored by Loral and Qualcomm.

George Bechtel of Strategies Unlimited
agrees that the satellite hardware business is
an exciting place to be. “Much of the fore-
casted increase in GaAs consumption at 15
GHz and higher is due to deployment of satel-
lite networks™, he says. Van Rees calculates
that the worldwide demand for GaAs chips
for space hardware will equate to 40,000 4"
wafers a year for the next several years.

Raytheon reports that they will be sup-
plying “tens of thousands™ of Ka-band ampli-
fiers as well as L-band and S-band LNA and
power modules for the Iridium and Globalstar
projects, using GaAs MMICs produced by the
Microelectronics division. The company is
also actively bidding on several other pro-
jects, many of which involve K-band or Ka-
band communications links.  Most of
Raytheon’s solutions are PHEMT-based.
“Satellites need linearity, efficiency and low
noise performance” said Van Rees, “and
MESFETSs aren’t as good for the job.” Typical
specifications include minimum 45% effi-
ciency for a multistage output 0.5-Watt mod-
ule at 20 GHz with <2 dB noise. Since most
of the projects under discussion will use low
earth orbits (LEOs), special rad-hard condi-
tioning is not required, although space-quali-
fied packaging is, of course a necessity.

Ground Stations

The only problem with the satellite busi-
ness, it seems, is that eventually it will come
to an end. Once Iridium, Globalstar and the
dozens of other satellite networks that are cur-
rently in development have been deployed,
there will be a precipitous decline in the num-

ber of new “birds” that are needed every year.
Fortunately, there will still be demand for
high frequency MMICs for use in ground sta-
tions that link to the satellites. These MMICs
will be essentially the same as those used in
orbit, although less expensive packaging
materials can be used.

In a recent report® Frost & Sullivan fore-
cast that spending on ground station antennae
and amplifiers (the areas where GaAs is most
likely to be used) will have a CAGR of 10%
and 5% respectively from 1993 - 2003. See
Figure 6. These two areas will have a com-
bined value of nearly $1.7 billion by 2003.

Van Rees thinks that the ground station
market will ultimately be even larger than the
space hardware business itself. He says the
current satellite business “is analogous to
building up a highway system, and the ground
stations are like cars. Once you've finished
the first part, you've enabled the second part
to become a large market.” He believes that
even after the satellite business begins to slow
down - probably around 2003 - the ground
station market will fuel continued growth in
the demand for GaAs MMICs in the 20 - 30
GHz range.

WideBand Communications

Not all of Raytheon's commercial high
frequency GaAs business is based in space.
Doug Maki, manager of the millimeter-wave
product line, reports that in addition to the
satellite business, Raytheon is also pursuing
applications in millimeter-wave radio,
LMDS, and automotive radar.

LMDS (Local Multipoint Distribution
Service) is a wireless technology with an
architecture similar to that used in cellular
telephony - except that LMDS operates in the

? “World Satellite Ground Segment Equipment Markets”,
Frost & Sullivan Report #5639-60 (June 1997) $3,990.
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Figure 4. Raytheon’s deliveries of DBS

Circuits from 1994 - 1997 (cumulative).

Figure 5. Forecast for commercial
satellite sales, 1995 - 2000.

Figure 6. Forecast for sales of amplifier and
antenna equipment for satellite earth sta-
tions, 1993 - 2003.
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Ka-band at 28 GHz. The extra bandwidth
available at this frequency makes it suitable
for delivering video services. Therefore, it is
under consideration as an alternative to cable
television or DBS.

“LMDS is an exciting area, because it is
consumer-oriented. and because it is possible
to make ‘one-on-every-rooftop’ forecasts.
But it is still too early to make many predic-
tions” says Maki. While the technology
required to implement LMDS is fairly
straightforward, there are some significant
uncertainties about its regulatory status.
which will likely slow down its deployment.

The mainstay of the current business in
Maki's area is millimeter-wave radio. He
reports “‘there is a very steady business in this
area - over a hundred thousand radios a year.”
And the field is growing. due to applications
like PCS backhaul, where communications
between base stations is done in the Ka-band
at 38 GHz.

Another application for the future is
automotive radar. As we reported in a previ-
ous issue, this application has the potential to
create demand for several million millimeter-
wave circuits every year (see CS 3(1). p. 30).

' We will provide more coverage of LMDS in the "New

Applications” feature in our next issue

But at present, only prototypes are available
According to Maki, “we are all sure it will
happen, the question is when it happen. Our
best guess is that volume usage will begin in
2002, or perhaps one or two years later.”” He
reports that Raytheon is sampling products in
the V-band at 60 GHz for Japan, and in the
W-band 77 GHz for the rest of the world.

Military Radar

Once the TI and Hughes deals are com-
pleted, Raytheon's books will show annual
sales in excess of $21 billion, more than $13
billion of which will be in defense electronics.
Therefore it is not surprising to find that
Raytheon maintains an active interest in mili-
tary MMICs - despite the fact that commercial
applications now represent the majority of
Raytheon's GaAs business,

The biggest military application for
MMICs is in transmit/receive (T/R) modules
for radar. Defense contractors anticipate that
the U.S. government alone will purchase
more than 7.000 radars over the next 15 - 20
years. Each radar can contain 2.000 - 10,000
T/R modules. Altogether, the radar contracts
are estimated to have a market value in excess
of $30 billion, and of this amount, the MMICs
and modules are valued at more than 53 bil-
lion. A variety of frequencies may be used,

but the large majority will be in X-band.

Raytheon was recently awarded a $4.5
million contract from the Naval Air Warfare
Center aimed at reducing the cost of military
radars. The official title is “*Manufacturing
Research and Development of X-band Active
Electronically Scanned Array Transmit/Re-
ceive Modules™, but Raytheon simply calls it
the “$300 Module Program™, because that is
their target price.

Historically, T/R modules have cost
around $10,000 each in small volumes, and
even in large quantities (tens or even hun-
dreds of thousands), the price was still around
$1.000. Those high costs have meant that, in
this era of shrinking military budgets, the
radar module market has stalled at a few hun-
dred thousand modules a year. Raytheon’s
mandate from the Navy is to develop modules
that cost just $300 dollars in 20,000 unit
quantities.

If Raytheon can reach that goal, it may
revolutionize the military radar business.
George Jerine, who oversees the project for
Raytheon, says, “we anticipate demand for
hundreds of thousands of T/R modules if we
can meet this price. All branches of the mili-
tary have indicated great interest in new uses
for radar if we can lower the cost by 2 - 5
times.”

You Now Have a Choice
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The military market is in a situation
similar to where the commercial GaAs
manufacturers were a few years ago: under
pressure to drastically reduce costs so as to
enable high volume markets. But accord-
ing to Jerinc, “the cost-reduction tech-
niques that were available to the commer-
cial manufacturers, like sending assembly
work off-shore to take advantage of cheap-
er labor, can’t be done with military com-
ponents. Therefore we have to emphasize
the use of robotics, lower cost materials,
and better engineering that will reduce the
size and weight of the part, while increas-
ing its functionality.” He says that areas
receiving current emphasis include transi-
tioning to 6" GaAs wafers, implementing
higher density packaging, and increasing
design automation.

“Moving to 6" wafers comes first”,
says Jerinic, “because that is where we
will get the biggest payoff. especially at a
place like Raytheon where our commercial
business can keep the fab busy all the
time.” Automated design is also receiving
a lot of attention in the $300 Module
Program. “It is much more difficult in
microwave frequencies than others.
because microwave circuits are more
space sensitive” reports Jerinic. And as
for packaging, Jerinic says “for today’s
needs, we can meet the cost and perfor-
mance expectations with the traditional
metal box with a lid on it. Even for the
$300 Module Program, we think that with
bigger wafers and better designs, we can
meet the goal with today's packages. But
there is a need for experimenting with new
things - plastic. ceramic, etc. - for the
future. (For more on packaging, see box.)

Today's military GaAs business is
much different now than it was in the days
of the MIMIC program. As lJerinic
explains, “in the mid-80's the issues were
whether or not the technology could per-
form, so the military funded programs to
prove feasibility, to demonstrate that you
could build a MMIC T/R module. Now
we know we can build anything that the
government wants - for example, very
high performance units, such as an X-band
unit delivering tens of Watts per channel
with efficiencies well over 25% and noise
figures in the 3-5 dB range. So now the
emphasis i1sn’t on what we can make, it is
on how cheaply we can make it.”

The emphasis on making things
cheaply has served GaAs fabs working at
frequencies below 2 GHz very well. As
this culture takes hold in the minds of
those working at higher frequencies as
well. it has the potential to fuel exciting
developments in high volume applications
for GaAs beyond the X-band.

MMIC Packages: The Next Generation

s mentioned in the preceding discussion, new packaging techniques will be needed for
future generations of microwave modules. Reports from the recent MTT-S International
Microwave Symposium illustrate two possibilities.

Researchers at Hughes are working on the development of flip-chip technology that can be
used with PHEMT devices’. The MMICs are fabricated using all the conventional frontside steps.
But whereas the “face-up” wafer requires backside processing (including thinning, via etch, and
backside plating). the flip-chip wafer requires just the formation of 10 interconnection and ther-
mal shunts which are accomplished simultaneously by depositing 0.004" x 0.006" silver “bumps”
by a dry film lamination process

The biggest technical advantage of the flip-chip is its thermal properties. For conventional
power amp, the heat generated in the gate region must travel though the GaAs substrate, which has
a high thermal resistance. But in the flip-chip, the heat travels straight from the gate region to a
source pad where it is conducted away by a thermal bump. The Hughes team estimates that that
the flip-chip provides 4(% less thermal resistance than the conventional configuration.

The flip-chip also reportedly provides significant cost savings. The table below presents
Hughes™ cost model for an X-band high power amplifier with 35% PAE and five watts of output
power. Backside processing, which accounts for around 25% of the wafer cost, is eliminated. and
assembly costs are reduced, because die attach & wirebond are now accomplished simultaneous-
ly. In addition, Hughes says its flip-chip technology provides ~40% higher yield. Overall, they
reported a 40% reduction in chip cost.

Frontside 80% $3,000 Frontside 80% $3,000

Backside 90% $1,200 Bump 95% $400

Wafer Test 75% $360 Wafer Test 95% $380

Module Assy 95% $1,320 Module Assy 99% $615

Total 51% 35,880 Total 71% $4395 |2
Chip Cost  $23.44 Chip Cost $14.50 |=

Hughes ' cost model showing that the lower overall cost and higher yield of the
[fip-chip process results 40% reduction in the cost of the chip

Researchers at Raytheon are working an alternative approach to MMIC interconnects’. They
see a key drawback in flip-chip packaging, in that it requires coplanar or lumped element circuit
topologies. As a result, the circuits must be larger, which conflicts with Raytheon’s goals of
shrinking die size as much as possible. Flip-chips are also incompatible with microstrip layouts.

As an altemative, Raytheon has developed its own experimental bond-wire-free approach,

called DBIT: Direct Backside Interconnect
| Technology. As illustrated at left. all RE. DC and

_ RF Via Hole : control signals are brought to the backside of the
; . o WNC Oy /) pypuye thinned MMIC chip through via holes. The chip
Vo oo J ) B is then directly mounted onto a patterned sub-

o~ L ¥ Plane
' ' XY ratternes strate such that these control lines and the ground
s Aach plane mate with the respective features on the
substrate. All chip connections are made in a sin-

gle step.

Ravtheon researchers report that the para-
sitic reactance and conductor loss associated
with the DBIT RF interconnects are dominated
by the impedance of the via hole and are pre-
dictable and highly repeatable. The approach has
been shown to work with conventional thinned 4
mil thick GaAs wafers. which allows use of con-
ventional microstrip circuit topology. So far, RF

Ground

4" Patterned
Substrate

AT
4

Raytheun

Schematic of the DBIT approach
highlighting the interconnect via holes,

patterned MMIC _backside, patterned  ™erconnects have been characterized up to 40

substrate and interconnect/die attach GHz, and it is expected that the DBIT method

material. can be extended into the millimeter wave region.
.Fi Cameron. e1 al. 1997 IEEE MTT-S Ini’'l Microwave Symp (Denver, CO June § - 13, 1997), paper WE3F-36.

E MTT-S Int’l Microwave Symp (Denver. €O June 8 - 13, 1997). paper WESE-1.
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First Release of the MAFET Design Environment

(Microwave and Analog Front End

Technology) Program are now available.
DARPA has announced the completion of the
MAFET Design Environment Release 1.0. A
DARPA spokesperson said this is a major step
toward realizing the primary goal of the
MAFET program: a 3x reduction in cost and
cycle-time for MMICs and high frequency
multi-chip assemblies.

MAFET is often thought of as the follow-
up to the MIMIC program. That project,
which was also directed by DARPA, poured
more than $500 million into GaAs programs in
the U.S. from 1987 to 1995, and it had a major
influence on the development of the American
GaAs industry. This ime around. DARPA will
have to make do with less money. So far, just
slightly more than $100 million in funding has
been made available.

The MAFET Design Environment
Consortium

Snme of the first results of the MAFET

The MAFET Design Environment
(MDE) Project is one of the most important
parts of the MAFET Program. Its purpose is
develop improved computer tools for MMIC
and microwave module design. The partici-
pants, known as the MDE Consortium, consist
of three computer aided engineering (CAE)
companies and four MMIC/module fabs. The
CAE companies are Ansoft/Compact Division,
Cadence Design Systems, and HP EEsof. The
four fabs are Hughes, Raytheon, Texas
Instruments, and TRW. These seven are shar-
ing the cost of the $59 million, three-year
MDE project with DARPA. There are also
nine subcontractors.

Design tools resulting from the program
will be available to the entire industry through
the Ansoft, Cadence, HP EEsof and Sonnet
Software. According to DARPA, some of the
initial developments have already been com-
mercialized.

DARPA defines “design environment” as
including integrated design capture tools,
interchange formats for design databases and
models. and a definition of the data typically
interchanged between microwave/millimeter-
wave design houses and foundries for MMICs
and multi-chip assemblies.

The completion of MDE Release 1.0
marks the release of beta-site software to the
MMIC/module fabs. The next steps, which
are already underway. include benchmarking
by the fabs, to determine how well the release
meets the program goals and expectations. A
second release, incorporating their feedback,
is expected next spring.

According to Donnie Barton, who heads
TI's participation in the MDE Consortium, the
full fruits of the program should be available
to the rest of the industry, in the form of stan-
dard products from the CAE companies, in
1998 or 1999.

Virtual Prototyping

In addition to 3x faster and less expensive
design cycles, Barton says that the MDE
Consortium also hopes to enable higher quali-
ty. higher yielding designs. The key is use of
virtual prototyping, which has had limited use
in microwave and millimeter-wave designs
thus far, because of the complex interaction
among components, devices, and packages
when operating frequencies exceed 10 GHz.

100% g
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Breakdown of MMIC Designs by Type

The MDE Consortium hopes to develop
the tools that will suit the future of the market.
Among the tasks being addressed are enhanc-
ing support for multi-function and mixed-
mode MMICs, which are predicted to become
increasing important within the next few
years. See Figure 1. Also under consideration
is the changing nature of the semiconductor
technology used in MMIC fabrication; the
Consortium is predicting a general trend
toward PHEMTs and HBTS (see Figure 2), and
is working on improving non-linear region
modeling in response.

Each of the semiconductor companies
involved is concentrating on its primary
device technology modeling area of expertise.
Raytheon’s focus is on the large-signal
PHEMT area to achieve improved parameter
extraction and data collection, and is also
defining a statistical modeling methodology
for PHEMT and FET devices. Hughes is
working both on modeling of large power-gen-
erating PHEMT and MESFET devices and on
modeling of co-planar waveguide and flip-
chip structures. TI is working on FET and
HBT device modeling, and TRW's modeling
work involves validating models and the
model generation tools at MMW frequencies,
developing automated mechanisms to support
model development, and improving probing
techniques for device measurement.

The current phase of the MDE Project is
scheduled to terminate in 1998. The consor-
tium hosts an annual industry workshop to
showcase the current results of tool develop-
ment. The next meeting will be held in the
Washington, DC area in October of this year.

Figure 2. The MDE Consortium’s view of the increasing usage of
PHEMT and HBT circuits in MMICs, indicating that they will like-

Breakdown of MMIC Designs by Technology
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Figure 1. The MDE Consortium’s view of the trend toward mulfi-

The design tools being
developed are structured to facilitate this shift.

Sfunction and mixed-mode MMICs.

ly dominate the field by the year 2000. In response, the MDE pro-
Ject is foc:.:smg on improving microwave and millimeter-wave non-
linear region modeling.
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MDE Consortium



ve r?_.v?a',nt!

.-

&t

8=

+ SairThiEis,

o
i bl
LR |
3 e

—

‘Resistivity & Transport Properties of
. {Semiconductors & Thin Films

With many years experience of building Hall Effect Systems we know that your requirements
often change with time. With the HL5500PC Hall Effect System, this is no longer a problem.
As your needs change the System changes with you.

We offer a two temperature stage for rapid QA measurements, a choice of cryostats, a wafer

mapping stage and a buffer amplifier module that extends the measurement range to 10> ohms.

Other products in the range include the RC2400
Alloying Furnace and the HL5900PC Hall Profiler.

Call for details

RC2400

Semiconductor USA . nt

Systems Division f 1

urope : I e f
— Phone +44 (( 442 232552  Fax 444 (D) 14422344
Visit the Bio-Rad Home Page at Japan Nippon Bio-Rad Lab
http://www.bio-rad.com f c
Pacific Rim |

Sales Enquires:
sSms_sales @bio-rad.com



Patterned Substrates:
Making Light Work

DR. CARL E. NORMAN
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CAMBRIDGE CB4 4WE

UNITED KINGDOM

ecent years have witnessed a dramatic increase in research into

semiconductor growth on pre-patterned substrates. The driving

force has been two-fold: the push for ever smaller structures
demonstrating quantum confinement in 2 or 3 dimensions, and the inte-
gration of optoelectronic devices such as lasers, modulators and wave-
auides. The limits of optical lithography have been reached at the
micrometre level, and electron beam lithography and subsequent etch-
ing are not yet mature enough to produce damage-free structures on the
scale of a few nanometres. Crystal growers have therefore turned to
self-organising growth as a possible solution, in both MBE and
MOVPE. Structures can be patterned with fairly coarse (if one consid-
ers a | to 2um scale coarse!) features, such as mesas, ridges or grooves,
and the subsequent shrinkage of these features during overgrowth is
used to form the low-dimensional structures. Where patterns are etched
to expose different crystal facets, the differences in growth rates on such
facets, or differences in their adatom incorporation behaviour, may be
used to engineer the band gap in selected areas across the wafer.
Electrons and holes can be confined in selected regions by increasing
the band gap in surrounding areas, or by using amphoteric dopants to
change the electrical characteristics from n-type to p-type across differ-
ent crystal facets.

Characterization

As the features of interest continue to shrink, the techniques used
to characterize them require ever higher spatial resolution. Since many
present and future devices rely on close control of optical as well as
electronic properties in the epitaxial structures, techniques with sub-
micron resolution of electro-optical properties are becoming of para-
mount importance. One such technique is cathodoluminescence (CL) in
the scanning electron microscope (SEM). particularly when performed
at cryogenic temperatures. In the CL technique. a finely focused beam
of electrons generates electron-hole pairs in a very small volume below
the surface of a semiconductor. The electron beam is a very amenable
probe. and can easily be positioned with nanometric accuracy in a prop-
erly calibrated SEM. These electron-hole pairs subsequently recom-
bine, some generating photons of light which can be collected and
analysed. Their energy is characteristic of the electronic transitions in
the material or heterostructure under investigation
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Figure 1. CL probing of two different regions of a ridge structure with
a strained InGaAs/GaAs SQW grown on it. Locally increased indium
concentration in the SOW grown on the ridge top is manifested as a
shift to lower energies of the CL peak.

CL Hardware

The equipment required for cryogenic CL investigations of low-
dimensional semiconductor structures must fulfil certain criteria. The
SEM must be capable of obtaining good quality images over a range of
beam currents from pA to nA. at a working distance of 12mm or so. in
order to accommodate the CL collecting mirror between the polepiece
and the specimen. The luminescence collection and detection system
must be as efficient as possible, since CL signals tend to be weak and
arise from a very small volume of material. A cryostat is essential to
maximise the radiative recombination of electron-hole pairs by cooling
the sample, and this must be physically stable when at low temperature,
to enable long (possibly tens of minutes) image acquisition times to be
used. without catastrophic thermal specimen drift. The prolonged use of
cryogenic temperatures (e.g. 4.2K) also necessitates a better than aver-
age vacuum system in the SEM. to avoid excessive contamination of the
sample by hydrocarbons, water, or condensed gases. The results sum-
marised in this article were obtained using the Oxford Instruments
MonoCL system and CF302TC liquid helium cryostat, attached to a
LEO 5440 SEM with upgraded vacuum system.

Spectra Point the Way

Figure | shows CL being used to probe two different regions of a
ridge structure with a strained InGaAs/GaAs SQW structure grown on
itusing MBE. Indium has migrated off the A-type (gallium terminated)
sidewalls during the growth of the SQW. and has locally increased the
indium concentration of the SQW grown on the ridge top. with respect
to the SQW off the ridge. This is manifested as a shift to lower energies
of the CL peak from the ridge top.
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Every Picture Tells a Story

Imaging using all (panchromatic),
or only one selected wavelength
(monochromatic) of the emitted CLis a
useful way to identify which areas of
the specimen are luminescing, and how
strongly. Figure 2 shows an example
in which monochromatic CL imaging
is used to reveal which regions of three
ridge structures (similar to that in fig-
ure [, but this time in the form of a
ring) contain the highest concentration
of indium in the SQW. In these speci-
mens, excess indium has arrived on the
top of the ring only from the sidewalls
which run vertically in the image. It is
clear that whilst plenty of excess indi-
um still arrives as the MBE growth
temperature is lowered, it does not
have sufficient mobility on the (100)
surface to distribute itself so evenly
around the ridge top.

How Low Can You Go?

The spatial resolution possible in the CL
mode depends on the beam conditions. As the
accelerating potential of the electron beam is
reduced. the size of the volume from which
light is emitted is also reduced, but at the cost
of a lower CL
si1gmnal
Accelerating
potentials of as
low as | to 3kV
can give lateral
resolutions  of
tens to hundreds
of nanometres in
most  semicon-
ductors, with sur-
face recombina-
tion acting to
limit the effective
diffusion lengths
of electrons and
holes.

The choice
of beam parame-
ters will be gov-
ermned to a large
extent by the
sample geome-
try. As an exam-
ple: if a beam has to penetrate 1um through a
specimen to reach a QW, an accelerating
potential of 10 to 15 kV will be required and
the spatial resolution limited to worse than

Grovth at 468°C

Figure 2.
reveal which regions of three ring-shaped ridge
structures grown at different temperatures contain
the highest concentration of indium in the SOW.
The secondary electron (S.E.)image of one sample is
shown for reference.

Secondary electron image

Monochromatic CL image

Figure 3. A cross-section through a pattern feature
which has had three InGaAs/GaAs QWs grown on i,
each with two AlAs cladding layers. It is possible to
probe each one individually with the electron beam,
to establish whether all three are truly identical.

Grovth at S

Growth at 488°
Monochromatic CL imaging used to

| um, probably nearer 2 or 3um when electron
and hole diffusion is considered. If the same
specimen is cleaved and examined in cross-
section. it is possible to inject electron-hole
pairs directly into the QW using a much lower
accelerating
potential and

obtain a much
higher  resolu-

tion. Figure 3
shows such a
cross-section
through a pattern
feature which has
had three
InGaAs/GaAs
QWs grown on
it, each with two
AlAs cladding
layers. Just as
the three QWs
can be resolved
in the monochro-
matic image. it is
possible to probe
each one individ-
ually with the
electron beam. to
establish whether
all three are truly identical. The sloping side-
walls of the feature emit at a different wave-
length, and so do not appear very bright in this
image.
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In the Groove

One of the most promising structures for
the self-organised growth of quantum wires is
the V-groove, shown schematically in figure 4.
Sharp “V's are chemically etched into the sub-
strate, and during subsequent MOVPE over-
arowth of a GaAs/AlGaAs QW structure the
QW thickness becomes modulated over the
pattern: the QW on the (e.g. (111) orientated)
sidewalls is much thinner than on the unetched
(100) material, and a locally thick region of
the QW develops at the point of the “V",
which serves to confine carriers in all direc-
tions except along the bottom of the V-shaped
groove, hence, a quantum wire. Depending on
the precursers and growth conditions used. a
gallium-rich region may be incorporated lead-
ing up from the bottom of the etched “V",
along the line where the growth fronts from
both sidewalls intercept. forming a so-called
vertical quantum well (VQW).

Figure 5(a) shows a cleaved cross-section
of such a V-groove quantum wire structure,
and figures 5(b)-(d) are very high resolution
cryogenic CL images of the same specimen. [t
is worth pointing out that these particular
structures are in no way ideal for high resolu-
tion CL examination. since they were intended
for electrical transport measurements and were
thus grown on semi-insulating substrates. In
panchromatic mode (fig. 5(b)) the “V" appears
as a “Y” due to additional emission from the
VQW below the quantum wire. No signal is
seen from the (100) regions between the
grooves due to a layer of SiO? which is present
to inhibit growth. The individual signals from
the quantum wire, the sidewall QWs and the
VQW can be identified by point spectra, and
illustrated by monochromatic imaging. The
wire emits at 812nm (not shown in figure 5)
whereas the sidewall QWs emit at 796nm

Thin QW on (111)

GaAs OW on (100)
N\

Figure 4. A schematic representation of a V-
groove wire structure.
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than 230nm, amply demonstrating the power of the CL technique
applied to semiconductor growth on patterned subsirates.

e-mail: mmeyer@compsem.com

INTEGRATED SCRIBE -
& BREAK WAFER ”
DICING SYSTEM

GIVES 98-99% YIELD.

DAY AFTER DAY.

M Dice III-V material, thin silicon, sapphire, glass, and ceramic
B Sawframe or hoop presentation for pick and place operation Scribe and break the new Loomis way.
B Proprietary scribe tools perform repeatedly in rote fashion on all materials Call or write today for complete details...

B Scribe tool change requires only three minutes I.u 0 M Is

M Automatic computer control utilizes

Windows 95° and Starflight Vision System 12 10Uhel 1
) . St. Helena, CA 94574
B Clean, cosmetically perfect dice Phone: 707-963-4111
B Unequalled throughput Fax: 707-963-3753

Compound Semiconductor September/October 1997 39



FORUM

II1-V Oxides, and Their Uses
in Optoelectronic Integration

A smart pixel development project
provides another illustration of the
tremendous potential of I11-V oxides

C. B. Wheeler

Intelligent Automation, Inc
2 Research Place, Suite 202
Rockville, MD 20850

xcellent progress is being made toward
Ercu]izing the potential of III-V oxides.
Yet this is arelatively new field of study.
It was only in 1990 that Holonyak and co-
workers at the University of [llinois discov-
ered the keys to forming insulating aluminum
oxide compounds in AlAs and high-alu-
minum-content AlGaAs layers [1].
Since this breakthrough was reported, I11-
V oxides have been used to form current aper-
tures in VCSELs - work which has yielded
remarkably high quality lasers. Record low
threshold currents of 8.7 pA [2], record high
wall plug efficiencies up to 50% (78% slope
efficiency) [3] and modulation bandwidths
surpassing 20 GHz [4] have been reported.
Other applications of for ITI-V oxides are also
being explored. GaAs MOSFET devices that
use a thermal oxide as a gate dielectric [5],
MESFETs with oxide buffer layers to reduce
backgating and noise effects [6]. and optical

wave guides [7] are a just a few examples of

these new applications.
Oxides at ASU

Research at Arizona State University has
yielded yet another use - a method to mono-
lithically integrate optoelectronic components
using a lhmnal oxide isolation (TOD) layer [8].
The goal isTo use the TOI technology to devel-
op “smart pixels”, which are optoelectronic
devices that combine optical inputs and/or out-
puts with electronic processing circuitry.
Initial efforts have been primarily focused on
developing a method to monolithically inte-
grate the basic component devices (detectors,
transistors and VCSELs) that will later be
combined to form smart pixel circuits.

The underlying principle behind TOI is to
selectively form insulating regions within each
device to serve as a current guiding mecha-
nism. This simple concept enables some inter-

40

Y. H. Zhang
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Figure One. Oxidized mesas, seen from
above. The square mesas measure 75 pym x
75 pm and contain a central unoxidized
current aperture. The rectangular mesas
are fully isolated from the underlying sub-
strate by a continuous buried oxide layer.

esting optoelectronic device

structures and combinations

of integrated devices that are MESFET VCSEL 510203 RGPD unoxidized
normally difficult (or not : topmln'or QW active Aly 0368 o4
possible) to implement. The xsde .

extremely fast oxidation rate F—l—q/ \ _J
of AlAs is used to selective- =

ly form an insulating layer
under in-plane current

devices, while leaving the

bulk devices conductive to
vertical current flow
(through an oxidized aper-

Gahs subshrate

ture).  This scenario is Figure Two.
accomplished by exposing
an AlAs layer at the periph-
ery of an etched mesas to an
steam ambient at about

with more top die
the laser requires

Simplified cross-section showing how the TOI
process can be used to simultaneously form the device components
needed for practical OEIC applications.

The VCSEL is shown
lectric mirror periods than the RC-PD because
a much higher finesse than the detector.

450°C. The oxidation pro-

ceeds laterally into the mesa at a rate that is
strongly dependent on the Al mole fraction of
the exposed layers [1]. Mesas containing the
vertical current-flow devices (VCSELs and
RC-PDs) are simply made to have a larger
cross-section than the transistor mesas and the
oxidation stopped before the larger mesa is
fully oxidized. Figure 1 is a photograph of a
group of oxidized mesas viewed from the top
(through a 700A GaAs cap layer). The square
(VCSEL) mesas are seen to contain a central
unoxidized current aperture, whereas the rec-
tangular (MESFET) mesas contain a fully oxi-
dized AlGaAs layer.

Integrated VCSELs, MESFETs &
Detectors

The work at ASU thus far has encom-
passed discrete MESFETs isolated with a
buried oxide layer. a single MESFET mono-
lithically integrated with a single VCSEL, a
novel 2-D  array configuration of
FET/VCSELs and monolithically compatible

Compound Semiconductor September/October 1997

resonant-cavity photodetectors (RC-PDs).

A simple smart pixel element might com-
prise an emitter. a detector, and a processing
circuit. Figure 2 shows a simplified represen-
tation of how TOI can be used to simultane-
ously fabricate VCSELs (emitters), RC-PDs
(detectors), and MESFETs (processing cir-
cuits) on a common substrate. MSM photode-
tectors could be used instead of the RC-PDs,
with some modifications to the structure.

The most convenient wavelength to work
with from the standpoint of the VCSEL/MES-
FET device combination is 980 nm (using
InGaAs quantum well VCSELs). GaAs is
transparent to photons with energy corre-
sponding to 980 nm, so the transistor active
channel and the VCSEL top mirror period
(cathode ohmic contact layer) can share the
same epitaxial layer. Shorter wavelengths can
be used, but the fabrication becomes more
complex.

At 980 nm, the problem then becomes
how to incorporate a satisfactory photodetec-
tor without having to grow additional absorb-
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ing lavers and somehow incorporate them into
the integrated devices. The resonant cavity
enhancement effect characteristic of RC-PDs
appears to solve this problem [9]. It is some-
what surprising that the same active region
used to generate the 980 nm radiation in the
VCSEL (3 x 80A Iny,GagsAs QWSs) can then
be used as the absorbing region in a photode-
tector on the same chip. Theoretical calcula-
tions go on to predict that even though neither
the incident photon energy (absorption coeffi-
cient) nor the absorbing region thickness are
all that favorable, the overall quantum effi-
ciency of the detector can still be very satis-
factory. Moreover, because the VCSEL and
the RC-PD are fabricated monolithically from
the same epitaxial layers, the resonant wave-
lengths of the two devices should be exactly
matched. Chips fabricated from the same
wafer should. in principle, all be compatible
on a system level.

This self-tuning effect is demonstrated in
Figure 3. The top plot is a measured
reflectance spectra of an as-grown wafer. As
is the case of all VCSEL wafers. the Fabry-

measured reflectance of as-grown wafer
1.0
: | MBE 655

| e i e e

970 1000

pulsed VCSEL spectra

1981 e
T

l

|
L UETN
Figure Three. Three different measurements
made on the same wafer demonstrate the inter-
relation between the Fabry-Perot mode of the
as-grown wafer and the resonant wavelengths
of the resulting monolithic devices. The VCSEL
and RC-PD are essentially 'self-tuned’ to a sin-
gle wavelength determined by the FP mode.

Perot resonance determines the lasing wave-
length. The corresponding VCSEL emission
spectra and photodetector photoresponse are
shown in the second and third plots, respec-
tively. The cavity resonant frequency of 981
nm is clearly evident from these three different
measurements.

Monolithic integration of optoelectronic
circuits 18 a difficult undertaking regardless of
how it is approached. Unlike silicon CMOS
technology, most OEICs produced in this way
generally require significant custom develop-
ment efforts. In fact, several research efforts
are under way to develop an alternative hybrid
integration method that gombines III-V opto-
electronic devices with silicon circuitry.

Thus far, we see that the TOI method pro-
vides solutions to important technological
issues. Conventional 111-V epitaxial methods
are not capable of producing high quality
(thin) insulating buffer layers to isolate differ-
ent devices in the growth direction. The
buried oxide layers formed by TOI post-pro-
cessing of the epi films provides this type of
barrier. One device can literally be stacked on
top of another, and doping polarities and con-
centrations arbitrarily changed. The fabrica-
tion sequence itself is fairly compact but still
capable of producing a variety of different
device types simultaneously. The resulting
surface topology can be near-planar, prior to
the top dielectric mirror deposition, which is
seneficial for resolving small device features
and tends to eliminate the need for additional
planarization. such as polyimide.

By using TOI technology. it is hoped that
a manufacturable monolithic process can be
developed. Circuit speed enhancements and
cost reduction are the potential rewards for
doing so.
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Toward Monolithic
1.3 - 1.55 um VCSEL's

ertical cavity semiconductor lasers

(VCSELs) that operate in the 0.8 - 1.1
um range are highly successful and have
made the transition from research to produc-
tion. VCSELs which emit at the technolog-
ically important range of 1.3 - 1.55 ym, lag
far behind their shorter wavelength cousins.

There are two main materials require-
ments for VCSELs: a materials pair with a
large refractive index difference for high
reflectivity mirrors, and a material that emits
the desired wavelength for the active layer.
For 0.8 -1.1 um VCSELSs both of these mate-
rials requirements are met with standard
GaAs-based materials. For the longer wave-
length range, however, the standard materi-
als for the active region would be InP-based,
but InP-based materials don't make good
mirrors. At present the only viable
approaches to 1.3 - 1.55 ym VCSELs
involve hybrid technologies, such as sub-
strate etch-back followed by the deposition
of dielectric mirrors or the use of wafer
bonding. These hybrid approaches work, but
involve significantly more complicated fab-
rication than that used in the monolithic
shorter wavelength VCSELSs.

If monolithic 1.3 - 1.55 um VCSELSs are
to be made, either good mirrors will have to
made on InP or longer wavelength emitting
materials will have to be made on GaAs.
Research is proceeding along both lines. A
group led by Université de Montpellier II
scientists has obtained good mirrors at 1.3
um with AlGaAsSb/AIAsSb lattice matched
to InP. With 15.5 periods, a reflectivity of
O8% was obtained. Combining these mir-
rors with an InP-based active layer material
of GalnAs(P) is the obvious extension of this
work.  There are a few approaches for
extending GaAs-based emission wave-
lengths out to the 1.3 - 1.55 ym range. Using
InGaAs quantum dots researchers from
University of Texas at Austin have made
photodiodes on GaAs substrates that operate
at 1.27 ym. When forward biased, these
same devices function as LED's, emitting
wavelengths near 1.3 yum. This result creates
some optimism that similar materials could
also be used for lasers. In Japan, Ricoh
researchers have been working with a new
GaAs-based material for emitters, GalnNAs.
They recently reported al.3 pm edge-emit-
ting laser operating under pulsed conditions
at room temperature. Either GalnAs quan-
tum dots or GaInNAs layers might be able to
be combined with the standard GaAs/AlAs
mirror materials to make a monolithic longer
wavelength VCSEL on GaAs.

See G. Almuneau et al, Electronics Lett.
33 (14), 1227 [3 July, 1997]; J.C. Campbell
etal, Electronics Lett. 33 (15). 1337 [17 July,
1997]; S. Sato et al, Electronics Lett. 33 (16),
1386 [31 July, 1997].

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.

Optoelectronic Devices

New Material for 1.3 - 1.55 pm Lasers
W. G. Bi et al, IEEE Photonics Lett. 9 (8), 1072 [August, 1997].

new I11-V semiconductor, INNAsP, was recently used as the active region in a 1.3 um laser. The InNAsP quan-
Alum well used GalnAsP barriers that were lattice matched to an InP substrate. InNASP can be visualized as
InP with some As and N added. The addition of As and N have opposite effects on the lattice constant, but both
lower the bandgap and raise the conduction band offset with GalnAsP. The conduction band offset is an especial-
ly important characteristic since it determines the temperature stability of the laser’s threshold, as expressed by the
parameter T,. In comparison with the conventional GalnAs or GalnAsP active layers, INNAsP is expected to have
a larger conduction band offset. This expectation is corroborated by the recent result that shows better high tem-
perature laser performance with the new material. The results were obtained in a collaboration between University
of California at San Diego and Northwestern University. The test lasers for these experiments were optically
pumped quantum well microdisk lasers, one with an InNAsP active region and one using GalnAs instead. The
InNAsP device lased at temperatures up to 340 K, while the GalnAs laser only reached 220 K.

155 Watts of CW Power from a Laser Diode Array
X. He et o, Electronics Lett. 33 (14, 1221 [3 July, 1997].

igh power continuous-wave (cw) laser diode sources have importance in sohd state laser pumping and manu-

facturing applications such as soldering and materials processing. Recently. researchers at Opto Power Corp.
(Tucson, Arizona) reported record cw output powers for monolithic laser diode arrays. A device with an output
aperture of 4.8 mm produced 155 W of ew output power. This is an improvement of 35 W over the previous high
power record. The device was water cooled with a water temperature of 3°C. At the 155 W output level the junc-
tion temperature was estimated to be 110°C, the drive current was 210 amps. and the wall plug efficiency was
40 %. The laser was fabricated in AlGaAs/InGaAs materials grown by MOCVD. The nominal lasing wavelength
was 915 nm.

Polarization Control of VCSEL's
P. Dowd et al, Electronics Lett. 33 (15), 1316 [17 July, 1997].

Venicul Cavity Surface Emitting Lasers (VCSELs) have many attractive features such as ultra-low thresholds
and easy processing enabling on-chip testing. One of the difficulties for VCSELs to overcome is control of
polarization. The circular VCSEL geometry has the advantage of producing circular beams, but there is nothing
in the symmetry of the structure to select any specific polarization, There have been a number of interesting
approaches to controlling the polarization, such as the use of misoriented substrates, strain, and quantum dots. A
new approach, examined by University of Bristol (UK) researchers, is attractive in its simplicity. A line is etched
next to (within a pm or so) a gain guided VCSEL. Without etched lines, the polarizations are usually defined by
the crystal axes with higher order modes co-existing with orthogonally polarized modes. With etched lines, the
polarizations are normal to the etch direction, irrespective of the orientation to the crystal axes. The etched line
maintains the polarization ratio of the VCSEL in the range of 50 - 100 for all currents examined (up to 4 times
threshold). The line does not reach down to the active layer nor does it cross through the cavity aperture, thus elec-
trical performance and the high spectral quality circular beam are not degraded.

Room Temperature Lasing in Type Il Broken Gap Multiple Quantum Wells
A. N. Baranov et al, Appl. Phys. Lett. 71 (6), 735 [11 August, 1997]

Sumimnductor lasing in the 2 - 12 pm range has become an very active research area. There are many types of
optical transitions being investigated. including the conventional direct band-to-band transitions in type I quan-
twm wells, type II band-to-band transitions in multiple quantum wells, and quantum cascades using either inter-
subband transitions or type II transitions. A new approach. recently reported by scientists at Université de
Montpellier II (France), uses the type II broken gap heterojunction, InAs/GaSh. In this type of heterojunction, if
the layers are thick, the bandgap is negative, i.e. the valence band maximum of the GaSb lies at a higher energy
than the conduction band minimum of the InAs. In the present work, however, the InAs layers were thin, ranging
from 6 to 24 A. The quantum size effect pushes the ground state of the InAs conduction band electrons to ener-
_gics &‘ibO\'E the valence band maximum of the GaSb. Holes in the GaSb valence band are pulled up against the
interface by their attraction to electrons in the InAs conduction band quantum well, producing a triangular quarn-
tum well in the GaSb valence band. Room temperature lasing was observed at 1.98 and 2.32 um for structures
with 6 and 12 A thick InAs QWs, respectively. Strong electroluminescence was observed at wavelengths out 1o
3.4 um in structures with wider InAs wells, i
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Electronic Circuits and Devices

2-V Power HEMTs for Personal Handy Phone
Yeong-Lin Lai et al, IEEE Microwave and Guided Wave Letters, 7(8), 219 [August 1997].

ower operating voltages, higher power densities, and inereased power-added efficiencies, are critical factors
for weight reduction and increased battery lifetime in wireless phones applications. Operating at 1.9 GHz, a
delta-doped AlGaAs/InGaAs HEMT has been utilized in a Japanese Personal Handy Phone (PHS). Grown by
MBE. the AlGaAs/InGaAs power HEMT uses delta-doping donor layers both above and below a In,.Ga,  As
channel, resulting in a device which exhibited an I, of 485 mA/mm (at a gate voltage of +0.5 V) and a transcon-

ductance of 310 mS/mm. Under 2.0 V operation, a HEMT with a 1 mm wide gate delivered a power density of

105 mW/mm with a 45.3% PAE. This power density 1s the highest ever reported for power transistors operat-
ing in a PHS system. Work performed at the National Chiao Tung University [Hsinchu, Taiwan, ROC] and
Hexawave |Hsinchu, Taiwan, ROC].

An InP W-Band HEMT/HBT Monolithically Integrated Amplifier
K.W. Kobayashi et al, IEEE Microwave and Guided Wave Letters, 7(8), 222 [August 1997].

Bccauae each device type (HEMTs, HBTs, MESFETSs) has unique strengths and weaknesses for a given appli-
cation, circuit performance utilizing only one device type is often limited due to some intrinsic performance
limitation of the device. By mixing device types within a given circuit, further performance enhancements
should be achievable over the single device type approach. By using a merged InP-based HEMT/HBT MBE
growth process, a single-stage HBT op-amp current regulator has been integrated with a single-stage HEMT
amplifier in order to regulate and self-bias the HEMT device over process, temperature and age variations, for
W-band operation. The resulting HEMT W-band amplifier achieved a gain of 5.9 dB at 94 GHz. This represents
the highest MMIC frequency performance demonstrated for any HEMT-HBT monolithically integrated device
technology to date. Work performed at TRW [Redondo Beach, CA].

InAlAs/InGaAs/InP HEMT E/D Mode Ring Oscillator
A. Mahajan et al, IEEE Electron Device Letters, 18(8), 391 [August 1997].

he use of direct coupled FET logic (DCFL), which requires both enhancement and depletion-mode FETs,

offers many advantages over buffered FET logic (BFL), which requires only depletion mode devices. DCFL
can result in substantial savings in power, chip area. and can be implemented in single power supply operation.
Using the lattice matched InAlAs/InGaAs/InGaAs material system. 0.5 pm gate length E/D-mode HEMTs were
fabricated. The D-HEMTS exhibited a threshold voltage of -365 mV, while E-mode HEMTs with identical gate
lengths displayed a threshold voltage of 195 mV. The f, of both devices was 70 GHz. An 11-stage ring oscilla-
tor was fabricated with this E/D technology. At a supply voltage of 0.4 V, a propagation delay time of 224
ps/stage and a corresponding power dissipation of 120 uyW/stage was achieved, this representing the first demon-
stration of a circuit employing E/D HEMT technology in the latiice matched InP-based material system. Work
performed at the University of Hlinois [Urbana, IL].

6H-SiC MOSFETs with Low Temperature 5/D Implant Activation Anneal
J.N. Pan et al, IEEE Electron Device Letters, 18(7), 349 [July 1997].

Acrilin:ul element of Si-based IC technology is the use of the self-aligned (SA) MOSFET in which a polysil-
icon gate acts as a mask for the source drain implants. These implants are then activated by a thermal anneal.
In the case of SiC-based MOSFET devices. in which nitrogen is implanted. the high temperatures required for
implant activation (1200°- 1500°C), produce a significant increase in surface state and fixed charge densities at
the 8i0,/SiC interface, resulting in large negative threshold voltages which make the devices unsuitable for cir-
cuit applications. It is now reported that a SA process in 6H-SiC with 25-nm gate oxides has been demonstrat-
ed which requires only a 1050 C furnace anneal for implant activation. resulting in a MOSFET with a positive
threshold voltage of | V, and a peak transconductance of 3.6 mS/mm - values comparable to non-self aligned SiC
MOSFETS. This represents the first demonstration of a low temperature anneal process suitable of SA MOSFETs
in 6H-SiC. Work performed at Purdue University [West Lafayette. IN].

Submicron Fully Self-Aligned HBT
Madijid Hafizi, IEEE Electron Device Letters, 18(7), 358 [July 1997]

BT-based ICs have reached the LSI level of complexity, and are poised to reach even higher levels of inte-

gration. Because HBTs often operate at current densities of 107 to 10° A/em?, in order to implement higher
levels of integration, smaller junction areas are required in order to minimize the power dissipation, thermal man-
agement issues, and reliability problems associated with a large number of devices operating at high current den-
sities. AllnAs/GalnAs HBTs grown by MBE have been utilized in the fabrication of fully self aligned devices
with emitter geometries as small as 0.3 pm? In this process, the emitter, base, and collector ohmic contacts are
all self-aligned to the emitter mesa. as well as being deposited in a single metalization step. These devices exhib-
itan f, and f,,,, of 120 and 130 GHz. respectively, and represent the smallest HBTS ever reported. Work performed
at the Hughes Research Laboratories [Malibu, CA].
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HBT 16x16 Crosspoint Switch

Crnsspnint switches, which are key ele-
ments in ATM switch cores and wave-
length division multiplexing networks, pro-
vide a programmable interconnection
between high speed data sources and high
speed data receivers. AL present, 16x16
crosspoint switches with up to 2.5
Gb/s/channel are commercially available,
while switches operating up to 3
Gb/s/channel have been demonstrated.
Using a 2pum GaAs HBT process,
researchers at Nortel Technology [Ottawa.
ON, Canada] have demonstrated a 16x16
crosspoint switch which exhibits a 10
Gb/s/channel capacity, delivering an aggre-
gate rate of 160 Gb/s - the highest reported
to date for a 16x16 switch.

The profile utilized in these HBTs con-
sists of a 350 nm GaAs collector Si doped
at 5x10' em+, a 60 nm AlGaAs base region
C doped at 5x10" cm* in which the Al con-
tent increases from 0 to 5% in the region
from the collector to emitter, followed by a
15 nm base-emitter graded region in which
the Al content is increased to 30%, and then
a 30 nm AlGaAs emitter Si doped at
5x10. Utilizing 2.0 pm emitter geome-
tries, this HBT exhibits an f, and f,,, of 80
GHz and a current gain of 100. These
devices have been grown by CBE,
MOCVD, and MBE (where in this case Be
is used as the p-type base dopant). It is
reported that HBTs fabricated with CBE
grown material typically exhibited the
highest current gain.

In order to fabricate the HBTSs, defini-
tion of device active areas were formed by
implant isolation using 190 keV He+ 1ons
implanted to a dose of 1.3x10"* cm?2, fol-
lowed by a 20 second anneal at 600°C. An
Ar/CL/CE; RIE etch is used to selectively
etch off the GaAs emitter cap. and the etch
is terminated within the emitter region
prior to base metallization. A Pd-Zn-Pt-Au-
Pd metallization layer is used to make p-
type ohmic contact to the base by alloying
through a region of the AIGaAs emitter and
into the p* base. The penetration depth dur-
ing alloying can be controlled by the thick-
ness of the Pd below the Pt barrier (typical-
ly 20 nm). Etching to the subcollector is
carried out in a BCL/Cl, RIE etch, and both
the emitter and subcollector are metallized
by Ni-Ge-Au.

The crosspoint switch employs a
broadcast-and-select architecture that con-
sists of 16 independent selector slices and a
4:16 b output address decoder. Overall, the
crosspoint die is 7.10 x 6.35 mm’ in size
and contains 3973 HBTS and 1840 resis-
tors. Using a logic cell supply voltage of -
6V and a Data 1/0 cell supply voltage of -
5 V. the total power dissipation of the
crosspoint averaged 10.5 W, See, Kerry S.
Lowe, IEEE Journal of Solid-State
Circuits, 32(8), 1263 [August 1997].
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Gallium Nitride Growth on
LiGa0O, Substrates

aN single crystal substrates are difficult

to obtain because of the high equilibri-
um nitrogen partial pressure at the required
growth temperatures. Traditionally, GaN
epitaxial films have therefore been grown
on sapphire (ALO) substrates despite a
large lattice mismatch of approximately
14%. Stll, the large lattice mismatch
between GaN and sapphire results in a high
dislocation density of 10" - 10" cm?.

Recently, encouraging results have also
been achieved by growth on SiC substrates
because of their reduced lattice mismatch
with respect to GaN and LiGaO, is also
beginning to receive attention because it has
an average lattice mismatch of just 0.9%
with respect to hexagonal GaN. A signifi-
cant breakthrough has come with the work
of a group of researchers from NTT.

Previous attempts to grow GaN films on
LiGa0, substrates resulted in layers that
peeled off the substrates as soon as they
were exposed to air. Itis reported that (001)
LiGaO, grown by Czochralski pulling con-
sists of [110}-aligned multiple polar
domains ("A" and "B") that may be due to a
polarity inversion and which can be
revealed by chemical etching in an aqueous
solution of nitric acid. The domains can be
differentiated by their etch rate as well as by
the geometrical shape of etch patterns delin-
eated on the etched surfaces. "A" and "B"
domain substrates were prepared by cleav-
ing (001) wafers containing both domain
types.

GaN epilayers with a thickness of 0.4
um were grown by MBE on both types of
substrates: layers grown on "A" domain
substrates were found to peel off and were
characterized by an XRD FWHM of 1840
arcsecs, whereas epitaxial layers grown on
"B" domain substrates were smooth and
showed an XRD FWHM of 260 arcsecs
only (roughly 7 times smaller than for GaN
films grown on {0001 | sapphire substrates).
The previous reports of poor adhesion of
GaN films grown on LiGaO, substrates
probably arose from the polar multi-domain
structure of the (001) LiGaO, surface. The
authors state that they have also succeeded
in growing single-domain LiGaO, crystals
by Czochralski pulling. These new sub-
strates may eventually prove to be a viable
alternative to both sapphire and SiC sub-
strates for GaN-based thin films.

Work done at the NTT System
Electronics Laboratories, Japan. See Y.
Tazoh et al. Jpn. 1. Appl. Phys. 36 (Part 2,
6B) L746 [1997].

Compound Semiconductor Materials

Improved GalnP/AIGalnP Laser Thresholds by RTA Annealing
M. Jalonen et al, Appl. Phys. Lett. 71 (4), 479 [1997].

hen MBE-grown GalnP/AlGalnP laser structures are RTA annealed, the laser threshold current

densities are significantly decreased. This improvement in lasing performance was assigned to
a possible removal of nonradiative recombination centers from the quantum wells. The laser emission
wavelength. differential quantum efficiency. and characteristic temperature were not affected to any
significant degree. indicating that the interdiffusion of group-III elements during the RTA step did not
damage the structures. Work done at Tampere University of Technology (Semilab), Finland.

PL Enhancements in GaAs Passivated by Postgrowth Phosphidization
D. A. Harrison et al, Appl. Phys. Lett. 70 (24), 3275 [1997].

Drum:uic enhancements by factors of over 300 in the room temperature photoluminescence signal
obtained from high purity GaAs epitaxial layers were recorded after a brief postgrowth heat treat-
ment in tertiarybutylphosphine (TBP) vapor. Low temperature photoluminescence spectra indicate
that, unlike other passivation techniques, the surface layer formed during this simple treatment does not
induce any appreciable strain on the underlying epilayer. The increases in photoluminescence intensi-
ty are indicative of a reduction in surface recombination brought about by the formation of a very thin
GaP layer that protects against surface oxidation. Work done at Simon Fraser University (Burnaby, BC,
Canada), and Nortel Technology (Ottawa, ON, Canada).

SiC Growth and Devices
A. ltoh et al, CRC Critical Reviews in Solid State 22 (2), 111 [1997].

S ingle crystal bulk and homoepitaxial growth of SiC and its application to power electronic devices
are reviewed in detail. The electrical properties of SiC grown by step-controlled epitaxy are report-
ed: a high electron mobility of 720 cm?/Vs is achieved at 300 K. Breakdown fields of 1-5 MV/cm are
found in 4H- and 6H-SiC. and a saturation velocity of 1.6 x 107 cm/s is measured at a field of 86 kV/em.
At higher fields the velocity was observed to decrease with increasing electric field. Work done at the
Tokyo Institute of Technology, and Kyoto University, Japan.

NDC by Phonon Emission in SiGe Dots
S. J. Koester et al, Appl. Phys. Lett. 70 (18), 2422 [1997].

he operation of a laterally patterned negative differential conductance device based on hot-electron

effects in strained Si/SiGe quantum wells is demonstrated. The device consists of a small, etch-
defined dot region connected to narrow leads on either side via point-contact tunnel barriers. At T = 0.4
K (T = 1.3 K), the drain characteristic of this device shows a pronounced NDC region with a peak-to-
valley ratio greater than 600 (100). The NDC is attributed to phonon emission by hot electrons inject-
ed into the dot region, and is observable up to roughly 30 K. Work done at the IBM Thomas J. Watson
Research Center, Yorktown Heights, NY.

InAs/AIGaSb Superconducting HFETs
T. Maemoto et al, Appl. Surf. Sci. 117/118, 714 [1997].

Submicmn scale superconducting weak links were fabricated with Pb-alloy superconducting source
and drain contacts deposited on an InAs/AlGaSb MBE-grown quantum well. Because the super-
conducting electrons in the Pb-alloy contacts maintain their character over a given coherence length
(primarily determined by the electron concentration in the "normal” QW material), superconducting
wavefunctions can tunnel between the source and drain electrodes through the InAs quantum well: a
superconducting current flows through the InAs QW. Multiple ("Andreev") reflections of the super-
conducting quasi-particles between the superconductor/semiconductor interfaces lead to sharp dips in
differential resistance measurements at cryogenic temperatures. When a gate is placed between the
source and drain. negative gate voltages quench the differential resistance Llil}ﬁ by gradually decreasing
electron density and the associated superconducting coherence length in the InAs c]u;nmm{ well. Work
done at the Osaka Institute of Technology, Japan,
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The 1.6 Billion Dollar GaAs IC Company

Vitesse rides the Bull Market to a record valuation -
plus a round-up of first half results.

MARIE MEYER

oosted by record revenues and income
for the second quarter of this year,
Vitesse Semiconductor’s share prices

have continued their strong upward trend,
closing at $46 on August 30. As a result, the

company now has a rather astonishing market
capitalization (determined by multiplying the
number of shares outstanding by the share
prices) of more than $1.6 billion, more than
double it's value 12 months ago. See chart.
Vitesse's rev-

enues for the quar-

1000 |

500

Market Capitalization (USS Millions)

The $1.6 Billion GaAs IC Company ter which ended
2000 7 June 30, 1997
B Vitesse were $27.6 mil-
| £ Anadigics lion, an increase of

1500 Sl
] TriQuint 2% over the pre-

vious quarter and
an increase of 60%
over the $17.3 mil-
lion reported a
year ago. Net
income was $9.0
million, or 23

cents per share,

Company Symbol Exchange
Alpha AHA AMEX
Anadigics ANAD NASDAQ
APA Optics APAT NASDAQ
ATMI ATMI NASDAQ
Celeritek CLTK NASDAQ
Cree Research CREE NASDAQ
Emcore EMKR NASDAQ
Int'l Semi Corp ISSM oTC
Kopin KOPN NASDAQ
Ortel ORTL NASDAQ
Power Spectra PWSP oTC
RF Micro Devices | RFMD NASDAQ
SDL SDLI NASDAQ
SLI SLIC NASDAQ
Spire SPIR NASDAQ
TriQuint TANT NASDAQ
Vitesse VTSS NASDAQ

Last 52 Weeks Closing Price
Hi Lo Aug 30 Jan 2
16 51/2 14 3/4 8
54 1/5 14 51 1/4 251/3
6.5 41/4 6 4 1/2
32 1/2 10 7/8 27 3/4 16 7/8
16 1/2 9 3/16 14 10 5/8
20 1/2 87/8 16 5/8 10 5/8
25 1/4 9 1/4 23 3/4 10 5/16"
2 1/32 1/16 9/16
20 1/2 71/4 20 1/4 11 5/8
26 1/4 10 7/8 23 22
15/8 3/8 7/16 11/16
23 3/4 14 1/2 191/8 15 5/16"
29 8 18 24 5/8
9 3/4 4 4 5/8 7
13 1/2 21/4 12 1/4 23/8
45 1/2 16 7/8 371/8 27 3/8
51 3/4 19 3/4 46 28 1/8

* Closing price on first day of trading: 3/6/97 for EMKR; 6/3/97 for RFMD

compared with $7.8 million. or 20 cents per
share, for the previous quarter and $3.8 mil-
lion. or 12 cents per share. for the year ago
period. Both the revenue and profit figures
were records for the company. Vitesse's $1.6
billion valuation is more than twice that of
Anadigics, which is the next highest company
in our Portfolio. Their August 30 closing
price of $51 1/4 gives them a market capital-
ization of $717 million. Like Vitesse,
Anadigics' share prices were buoyed by
record results for the June quarter. Net sales
increased 57% to a record $25.0 million,
compared to $15.9 million in 1996. Net
income rose 75% to $3.6 million. The com-
pany reported that its gross profit margin
increased to 47.3%, compared to 46.19% for
the previous quarter. This was attributed to
the conversion to 4" wafers that began in late
1996 and improvements in product vields.

Anadigics reported that their sales of
GaAs ICs for cellular and PCS applications
grew 229% to $12.9 million. The company
believes that it is now the leading supplier of
GaAs power amplifiers.

TriQuint, which is third in our market
capitalization rankings at $310 million, also
turned in a good second quarter report.
Revenues were a record $18.5 million, a 23 %
increase over the $15.1 million reported in the
comparable period of 1996. Net income was
$2.3 million, a 22% increase over the 51.9

Average Market % Held
Daily P/E Cap by Instit-
Change Volume Ratio (SM) utions
+84% 49,000 ¢ 146 L3
+102% 259,000 | 47 T 57
+33% 4,000 L he 2
+64% 68,000 | 57 38 38
+32% 28,000 27 45 45
+56% 169,000 | 59 27 27
+130% 31,000 ¢+ 16 16
-89% 119,000 ¢ 0.6 na
+74% 65,000 L ] 232 14
+5% 118,000 34 273 28
-38% 16,000 ¢ 9 na
+25% 126,000 + 299 6
-27% 102,000 ¢ 240 80
-34% 26,000 ¢ 17 0
+416% 28,000 | 83 38
+36% 218,000 | 44 310 i
+64% 582,000 | 62 | 1,665 78

¢ = Loss in most recent 4 quarters.
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million reported for 1996. But the company
is offering cautious predictions for the second
half of 1997, saying that growth would be
slower than previously expected. In a confer-
ence call with analysts, company officials said
bookings looked sluggish because some of its
customers were having delays in introducing
new wireless telephone handsets. The com-
pany also said it plans to issue an equity offer-
ing, which raised investors' concerns about
dilution.

First Half Results

In our previous issue (CS 3(4), p.46), we
reviewed the share price performance for our
17 Portfolio companies in the first half of
1997. Quarterly reports filed since then make
it possible to analyze the profit & loss picture
for most of the Portfolio companies in the first
six months of 1997. As of this writing, com-
plete data was available from all but two -
Ortel and International Semiconductor.

As you might expect from the preceding
discussion of valuations, the three GaAs IC
companies - Vitesse, Anadigics and TriQuint -
enjoyed the top three spots in terms of income
and revenue for the period. If they continue
on their current trajectory, it looks as if
Vitesse and Anadigics will both break the
$100 million/year barrier in 1997.

Profits

Eight companies reported a profit for the
first half of 1997: Anadigics, ATMI,
Celeritek, Cree, RFMD Spire , TriQuint and

Vitesse. See table, below.

For three of the companies - Cree,
REMD. and Spire - this represents a turn-
around of sorts, as they all posted losses in the
first half of 1996. Shares in Cree hit a new 52
week high on the news that they would begin
making materials for fake diamonds (see page
19). And interest in REMD continues to be
strong. Their shares are up 25% since the
company's IPO in June.

Vitesse posted the largest increase in
income (164%), followed by ATMI (121%).
Anadigics (77%), and TriQuint (45%).

Revenues

The biggest revenue gainer for the first
six months of 1997 was Emcore, which near-
ly doubled its sales figures from the first half
of 1996. However. the company showed a net
loss of $2,320,000 on its $27,035.000 in sales.

Other big revenue gainers include Cree
(89%). REMD (88%), Power Spectra (64%).
Anadigics (62%) and Vitesse.

Losses

Net losses were posted by several com-
panies. The biggest loss ($28,964,999) was
reported by SDL., which was forced to take a
one-time charge of $30.9 million as a result of
the settlement of its lawsuit with Spectra-
Physics. Alpha was also in the red for the first
half, with a net loss of $4,235,000, due in
large part to restructuring. The company is
forecasting profitability for the second half of
the year. Significant losses were also report-

Analyst Round-Up

Data supplied by Zacks
Investment Research indicates that sev-
eral of the companies in our portfolio
are receiving "buy" recommendations
from stock analysts. Here is a summa-
ry of their opinions as of August 29. "
Note that several of the companies in
the Portfolio do not attract professional
coverage, and therefore are not listed
here.

L g RS
3 2 0
8 I 0
- 1 | Il
| 1 0
2 0 0
2 0 1
2 1 0
4 5 0
3 1 0
1 0 l
8 = 0
8 2 1

Sowrce: Zacks Investment Research

ed by Kopin ($3.791,000), SLI ($.382.000)
Power Spectra ($1,041,000) and, as men-
tioned previously, Emcore.

1¢* Half Profits 1* Half Losses
~ (in thousands) 2 Quarter 1997 1 Half 1997 (in thousands) 2 Quarter 1997 1* Half 1997
i Revenue Income Revenue Income Revenue Income Revenue Income
Arodigis 1997 524969 53612 S4789 56783 | | Aloha 1997 §25705 SIT0 48468 54,235
(hange Up 57% Up75% Up 62% Up 77% Change Up 28% Up from loss of Up 6%  Increase 30% over
T W SI36 S0 SI60 S0 it b g
il o s e " ?’ﬂé APA Opfis 1997 5662 S S1554 3518
: p P P P Change Up23%  Up from loss of Up 34% Up from loss of
(eleritek 1997 512,595 §956 524,201 $1969 S64 S156
Change Up 9% Up 6% Up B% Same | | Emcore 1997 S14,106 $830 27,035 52,320
(ree 1997 $8.479 ST24 515,445 S1,278 Change Up 83% Up from loss of Up 97% Same
(hange Up B6% Up from lass of Up 89% Up from loss of $1,482
5978 S774 Kopin 1997 S4,267 51,689 8,296 53791
REMD 1997 §10235 SI175 519,983 52039 Change  Down 10% Up from lossof  Down 18% Up from loss of
(hange Up 55% Up from loss of Up 88% Up from loss of 53,893 S12,614
5988 53146 PwrSpetra 1997 $230 5609 S587 -S1,041
(hange Up 43% Up 2,027% Up 31% Up from loss of 51,049 51,898
u [ W s SO SALs86 578 964
Tam 199 SI85H 26 S50 4033 S il et S Dowa oo
Chonge Up 23% Up 22% Up 25% 4% |50 1997 S178 S S178 SR
Vitesse 1997 527,607 58,955 §52,169 516737 Change  Up from zero  Increase 284% over Up from zero  Increase 131% over
(hange Up 60% Up 136% Up 59% Up 164% loss of $354 loss of $1,029
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Electronic Devices

P 05646573 / 1997 07 08 / Anadigics
Bayruns, R & Laverick, T

Automatic Gain-Control Transimpedence
Amplifier. The transimpedance amplifiers
includes an operational amplifier and a variable
feedback resistance means connected between
the input and the output of the amplifier. The
variable feedback resistance means may
include a single feedback PIN diode, two serial-
ly connected feedback PIN didoes, a PIN diode
connected to a feedback resistor in parallel, or
two serially connected PIN diodes connected to
a feedback resistor in parallel. Ultra-high lineari-
ty is achieved because the dynamic resistance
of the PIN diode under forward bias is substan-
tially linearly dependent on the inverse of the
current that passes the diode.

05643811 / 1997 07 01 / Fujitsu
Hasegawa, Yuuichi

High-Frequency FET. The present invention
relates to a field effect transistor such as MES-
FET, HEMT, MISFET or MOSFET. It describes a
FET including a gate electrode divided into a
plurality of parts in the gate-length direction.
The gate electrode makes Schottky-contacts
with a semiconductor layer or is formed on the
semiconductor layer through a gate insulating
film.

05656514 /1997 08 12 / IBM
Ahlgren, David et al

HBT. With Self-Aligned Retrograde Emitter
Profile. A high gain, high frequency transistor is
formed having a combination of a moderately
doped retrograde emitter and a collector which
is formed by self-aligned implantation through
an emitter opening window. Cut-off frequencies
on the order of 100 GHz can be obtained in the
performance of a transistor with a 30 nm base
width in a SiGe device.

05646570 / 1997 07 08 / Lucent
Blodgett, James Russell

Biasing A Field Effect Transistor with a
Single Voltage Supply. Embodiments of the
present invention bias a field effect transistor
with only a single voltage source and generally
do not have the disadvantages of traditional
“floated source” bias techniques. Furthermore,
some embodiments of the present invention
are capable of automatically compensating for
the normal manufacturing variations that often
[:eEs_Iylt in the physical characteristics of individual
S.

05656515 / 1997 08 12 / Lucent
Chandrasekhar, S. et al

High Speed DHBTs. The lateral base resistance
of a double HBT device is reduced and its high-
speed operating characteristics thereby

improved by forming a structure that initially
includes a relatively thick extrinsic base layer
overlying a relatively thin intrinsic base layer.
High-performance devices are thereby realized
in a relatively simple process that has advanta-
geous self-alignment features.

05650335 / 1997 07 22 / Mitsubishi
Terazono, Shinichi

Method Of Adjusting FET Characteristics.
The present invention relates to a fabricating
method of a semiconductor device including a
process of adjusting characteristics of an FET
after forming the FET constituting the semicon-
ductor device so that a device including a GaAs
based epitaxial substrate can be fabricated with
a stable yield

05659267 / 1997 08 19 / Motorola
Buer, K & Corman, D

High Gain K-Band power Amplifier. This
Invention relates in general to the field of power
amplifiers, in particular to K-band microwave
power amplifiers and more particularly MMICs
that use FETs in power amplifiers. The FET cells
are designed to be unconditionally stable with-
out the use of an external series gate resis-
tance. The FET celis are combined to provide
total device periphery suitable for output power
levels exceeding 0.8 watt at frequencies rang-
ing from 19 10 23.5 GHz

05652440/ 1997 07 29 / National Science
Council (Taiwan)

Chang, Chun-Yen

GaAs-InGaAs HEMT. The present invention
relates generally to a GaAs-InGaAs high elec-
tron mobility transistor, and more particularly to
a delta-doped GaAs/InGaAs/GaAs PHEMT.

05648280/ 1997 07 15 / NEC
Kato, Hirosi

HBT with Low Resistance Base Layer. A
base region structure involved in a bipolar tran-
sistor, wherein the base region comprises a
compound semiconductor epitaxial layer formed
in a recessed portion provided by etching in an
upper region of the semiconductor substrate
and the recessed portion has a depth corre-
sponding to a thickness of the compound semi-
conductor epitaxial layer so that the base region
has a top surface positioned at the same level
as a top surface of the semiconductor sub-
strate.

05661318 / 1997 08 26 / NEC

Nashimoto, Yasunobu

JFET. A junction type field-effect transistor in
accordance with the invention makes it possible
to achieve a gate length shorter than a min-
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mum length achievable by lithography tech-
nique,

05648294 /1997 07 15/ Tl
Bayraktaroglu, Burhan

HBT with InGaAs Etch Stop. Heterojunction
bipolar transistors with bases including an etch
stop element are disclosed. The preferred
embodiment devices have AlGaAs emitters and
GaAs collectors and bases with InGaAs added
10 the bases to stop chloride plasma etches.

05648278 / 1997 07 15/ Tl
Bayraktarogula, Burhan

Microwave Heterojunction Bipolar
Transistors Suitable For Low-Power, Low-
Noise And High-Power Applications. A
microwave heterojunction bipolar transistor suit-
able for low-power, low-noise and high-power
applications Is disclosed, wherein the base is
composed of one or more islands of semicon-
ductor material.

05654558 / 1997 08 05 / U.S. Navy
Meyer, J; Hoffman, C; Bartoli, F

Interband Lateral Resonant Tunneling
Transistor. This invention describes a nanome-
ter scale interband lateral resonant tunneling
transistor, and the method for producing the
same, with lateral geometry, good fanout prop-
erties and suitable for incorporation into large-
scale integrated circuits. The transistor is of a
single gate design and operation is based on
resonant tunneling processes in narrow-gap
nanostructures which are highly responsive to
guantum phenomena. Such quantum-effect
devices can have very high density, operate at
much higher temperatures and are capable of
driving other devices.

05643807 / 1997 07 01/ U.S. Philips
Frijlink, P. M.; lost, M.

Buried Channel FET. A method of manufactur-
Ing a semiconductor device comprising a buried
channel field effect transistor, applied in particu-
lar to the realization of integrated semiconduc-
tor devices comprising high electron mobility
transistors (HEMTs).

05654214 / 1997 08 05/ U.S. Philips
Frijlink, P Bellaiche, J

FETS with Different Pinch-Off Voltages. The
invention applies in particular to the realisation
of integrated semiconducter devices including
high electron mobility transistors (HEMT) of
which the the enhancement-type transistor (E)
and the depletion-type transistor(D) are present
on one and the same semiconductor substrate
and are to be manufactured in the course of the
same process.
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Semiconductor Lasers

05648978 / 1997 07 15 / Cannon

Sakata, Hajime

Oscillation Polarization Mode Selective
Semiconductor Laser. A semiconductor laser
structure is designed such that light in both of
two polarization modes can be excited therein

05651016 / 1997 07 22 / Conductus
Yu, R-C; Whiteley, S R; Whalen, B H

Ultrahigh Speed Laser. An apparatus and
method for abtaining ultra-high speed operation
of a semiconductor laser diode is presented. The
invention utilizes any of a variety of conventional
laser diodes in combination with cooling means
for operation of the laser at temperatures below
120 K

05661076 / 1997 08 26 / ETRI (Korea)
Yoo, Byeung-Su et al

05657339 / 1997 08 12 / Fuji Photo Film
Fukunaga, Toshiaki

Integrated Optlcs Semiconductor Laser
Dewce This

nvention relates to an integr
levice wherein

ave returning
al amplifier are

tmm an end f
small

05648295 / 1997 07 15 / Fuji Xerox Co
Otoma, Hiromi et al
Method of Maklng A Semlconductor Laser

The pre

SEMICEC
mixed-cry
diffusion

tens nm thick,
AlGaAs/GahAs,

05646953 / 1997 07 08 / Matsushita
Naito, H & Kume, M
Semlconductor Laser Dewce The

05652762 / 1997 07 29 / Matsushita
Otsuka, Nobuyuki et al
Stratned Quantum Well Semlconductor

Invent
StrL

porting the strained quantum well structure. In
the semiconductor laser device, at least one of
the well layer and the barrier layer is composed
of a mixed crystal where an atomic ordering is
generated

05644587 / 1997 07 01 / Mitsubishi
Kaneno, N & Karakida, S

Semiconductor Laser Device. The present

I
invention relates to an increase in the reliability
(lifetime) and a reduction in the threshold current
of a semiconductor laser device by applying a
tensile strain to the well layer.

05644586 / 1997 07 01 / Mitsubishi

Kawano, M & Sakaino, G

Laser Stack The present invention relates to a
semiconductor laser device comprisir |qa stach
of semiconducto r laser chips that is u
high-power output semiconductor laser device
Two adjacent chips in the stack are connect Ld
such II at the Iowﬂr elect

Since the IIWPE electrt {
disposed on a portion of the t
(lower surface} of each la
s over the side su
anted short-circuitin

)er electrode and the lower electrode of

05656539 / 1997 08 12 / Mitsubishi
Motoda, T & Kato, M

Method of Fabricating A Semiconductor
Laser. The present invention relates to a
conductor laser including a ridge structur
method of fabricating the semiconducto

05659562 / 1997 08 19 / Mitsubishi
Hisa, Yoshihiro

Semiconductor Laser Including Embedded
lefractlon Gratmg miconductor laser has

05661743 / 1997 08 26 / Mitsubishi
Nagai, Yutaka

Fuber Pump Laser T & prese
elates to

nt Inventon
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OPTOELECTRONICS

EPI
WAFERS

Spire Corporation can provide
you with superior quality MOCVD-
grown, compound semiconductor
epitaxial wafers, processed wa-
Elpraendadevice chips, ready for
packagMeeAgEaCEriniG
tronic materials and Ge¥is
offers the most advanced 50|
structures available:

Diode Lasers: epi, processed
wafers, bars and dice.
SQW,MQW (GRINSCH or
SINSCH), .76-1um emission,
strained layers

| LED and optical waveguide epi,
processed wafers, dice

Photodiodes: InGaAs, ex-
tended InGaAs to 2.3um,
finished dice

| Solar cells: GaAs, InP, InGaAs
one-sun and concentrator cells
on Si and Ge, epi and fully
processed cells

| Heterojunction Bipolar
Transistors (HBT): GaAs and
InP-based, c-doped base,
strain-relieved

| InSb-on-GaAs epi wafers for
magnetoresistive sensors, also
InSb IR detector wafers

Typical compounds: GaAs,
AlGaAs, InGaP, InGaAs,
InGaAIP, InP, InGaAsP,
GaP, GaAsP, InSb, Cg

For mage: |nr.Jrr
p!eas #elrrz et gr O

Spire Corporation
One Patriots Park/Bedford, MA 01730-2396
FAX 617-275-6000
EMAIL email@spirecorp.com
WEB http://www.spirecorp.com
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Semiconductor Lasers, con’t

Other Optoelectronics

05657338 / 1997 08 12 / NEC

Kitamura, Mitsuhiro

Tapered Thickness Waveguide Integrated
Semiconductor Laser. This invention relates 10 a
tapered thickness waveguide integrated semicon-
ductor laser in which the coupling to a singlemode
optical fiber is facilitated.

05658823 / 1997 08 19 / Samsung

Yang, Seung-kee

Ridge Type Laser Diode. The present invention
relates to a semiconductor laser diode and manufac-
turing method therefor, and more particularly, to a
ridge-type laser diode having an improved ohmic
contact surface and a manufacturing method there-
for.

05644584 / 1997 07 01 / SDL
Nam, D., et al

Tunable Blue Laser Diode A harmonic generator
laser system which features a distributed Bragg
reflector (DBR) or distributed feedback (DFB) tun-
able diode laser coupled to a quasi-phasematched
(QPM) waveguide of optically nonlinear material.
Tuning of the DBR laser may be achieved either
thermally or via current injection, or both, halving
the wavelength of a red laser into the visible blue
spectral band.

05651018 / 1997 07 22 / SDL
Mehuys, D et al

Wavelength-Stabilized, High Power Semi-
conductor Laser. The present invention relates to
external-cavity semiconductor lasers, espacially to
those lasers that include a wavelength-selective ele-
ment for wavelength stabilized and narrow linewidth
light emission. The invention also relates to lasers
with single spatial mode, diffraction-limited emis-
sion, and to light amplifying diode heterostructures
with flared gain regions.

05657337 / 1997 08 12 / Sharp
Okumura, Toshiyuki

Semiconductor Laser Device Having A
Resonator. The present invention relates to semi-
conductor lasers having a quantum well structure
which can be used for fiber optic communication,
information processing utilizing light, and the like.
The quantum well structure serves as a resonator of
the device and includes at least one quantum well
layer and at least one barrier layer. The resonator is
of a particular length for reducing threshold current
density.

05658824 / 1997 08 19 / Sharp
Itoh, S & Okumura, T

IIl-VI Laser Diode. A |aser diode structure includes
a [I-Vl compound semiconductor active layer inter-
posed between the lower cladding layer and the
upper cladding layer; and a burying blocking layer
made of an aromatic polyamide resin formed on a
bottomn of the upper cladding layer so as to be in
contact with sides of the stripe-shaped ridge por-
tion. The laser provides the advantages of providing
blue or blue-green light with a low oscillation thresh-
old current and stable high output operation, which
is capable of preventing the current from leaking
into a region other than the oscillation region and
controlling a fundamental lateral mode oscillation.
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05661742 / 1997 08 26 / (Not Assigned)
Huang, Kuo-Hsin & Chen, Tzer-Perng
MQW LED. This invention relates to the
structure of a semiconductor light emitting
diode, and more specifically to a light emit-
ting diode structure comprising multiple
guantum wells or strained multiple guantum
wells.

05661590 / 1997 08 26 / CalTech

Almogy, G.; Yariv, A; Xu, Y

QW IR Photo Detector And Monolithic
Chopper. A quantum well infrared photode-
tector and modulator are monolithically inte-
grated to one another. They both use the
same kinds of materials, preferably GaAs
and AlGaAs, so they essentially become a
single unit, obtaining better noise and oper-
ating characteristics from the combination.

05647029 / 1997 07 08 / Lucent
Mihailidi, M & Zucker, J

Traveling Wave Quantum Well
Waveguide Modulators. The invention
includes an n-i-n structure with lowser optical
propagation loss than in known p-i-n struc-
tures. It also includes quantum well struc-
tures that allow mueh lower voltage opera-
tion, sueh as about 2 V operating voltages,
as opposed to, for example, 8 V used in
known modulators

05661741 / 1997 08 26 / Mitsubishi
Kakimoto, Syoichi

Semiconductor Light Emitting Device.
The present invention relates to a semicon-
ductor light emitting device, a laser amplifi-
er, and an integrated light amplifier and vari-
able wavelength filter employed in highly
sensitive optical communication systems
and optical switching systems.

05654578 / 1997 08 05 / NEC
Watanabe, Isao

Superlattice Avalanche Photodiode With
Mesa Structure. The present invention
relates to a superlattice avalanche photodi-
ode and more particularly, to a superlattice
photodiode with the mesa structure which
has a semiconductor superlattice carrier
multiplication layer and semiconductor elec-
tric-field buffer layers disposed at each side
of the carrier multiplication layer.

05656831 /1997 08 12 / NEC

Kusakabe, Atsuhiko

Semiconductor Photo Detector. A sem-
conductor photo detector has its construc-
tion such that on a substrate made of InP

are formed light absorption layer having a
superlattice structure made of n- type
InGaAsP and InAsP, an intermediate layer
made of n- type InGaAs, a multiplication
layer made of n- type InP and a layer made
of p- type layer. The light having a wave-
length 1.65 micron being made incident into
the detector from the p- type InP layer is
absorbed in the superlattice structure light
absorption layer of n- type InGaAs/InAsP
and changed into carriers, which flowed out
an external circuit.

05656829 / 1997 08 12 / Showa Denko
Sakaguchi, Yasuyuki et al

Yellow - Orange LED. This invention relates
to a semiconducter light emitting diode,
more particularly to a LED having an
AlGalnP double-hetero structure which
emits yellow to orange light with high emis-
sion efficiency. The LED includes a com-
pound semiconductor substrate and a dou-
ble-hetero structure of AlGalnP as an active
layer, and an upper clad layer of the double-
hetero structure has a larger band gap ener-
gy than the band gap energy of the active
layer and has a thickness of 3-50 micron.

05657336 / 1997 08 12 / Sony
Okuyama, H et al

II-VI Light Emitter. A |I-V| group compound
semiconductor light-emitting device can
emit light of a short wavelength at room
temperature. Operation characteristics, such
as current-voltage characteristics and cur-
rent-light output characteristics can be sta-
bilized and a life of this semiconductor light-
emitting device can be extended. The semi-
conductor light-emitting device comprises a
substrate, at least a first cladding layer of a
first conductivity type, an active layer and a
second cladding layer of a second conduc-
tivity type, wherein at least the active layer
Is made of a |I-VI group compound semicon-
ductor and the active layer is doped by
either or both of n-type and p-type dopants.

05652435/ 1997 07 29 / U.S. Air Force
Martin, E; Vaccaro, K; & Spaziana, S
Vertical Structure Schottky Diode Optical
Detector. A vertical structure Schottky con-
tact photodiode has a narrow bandgap
InGaAs light absorbing layer cladded front
and back with InAlAs current blocking layers
naving metal contacts formed thereon. As
compared to single-side MSM photodiodes,
with interdigitated electrodes lying in a sin-
gle plane, response time is improved due to
reduced spacing between the electrodes.
Response time is also improved since
capacitance is reduced due to inherently low
doping levels in the semiconductor material.

The full text of any of these patents can be obtained by
e-mail from MicroPatent for $1.50 each.
See http://www.micropat.com
and select the “Patent WEB™” option.
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Wide BandGap Materials

05652437/ 1997 07 29 / ABB Research

Harris, Christopher

Low Resistance Ohmic Contact Between
Metal & SiC. The present invention is a semi-
conductor device comprising a semiconductor
layer of SIC, a metal layer adapted to form a
jow resistance ohmic contact with the SiC-layer
and a thin layer of @ material having a smaller
bandgap than the SIC of the SiC-layer and is
placed between the SiC-layer and the metal
layer. The SiC-layer is highly doped at least in
the region next to the thin layer, and the materi-
al of the thin layer is a Group 3B-nitride includ-
ing indium and at least another Group 3B-ele-
ment.

05654208 / 1997 08 05 / ABB Research Ltd.
Harris, C; Konstantinov, A; Janzen, E

SiC Semiconductor. The present invention
relates to.a method for producing a semicon-
ductor device having a semiconductor layer of
SIC, the method comprising at least the steps
of a} application of a mask on at least a portion
of said SiC layer and b) heat treatment of the
SiC layer.

05661074 / 1997 08 26 / ATMI
Tischler, Michael A.

High Brightness Electroluminescent Device
Emitting In The Green To Ultraviolet
Spectrum. A green-blue to ultraviolet light-emit-
ting optical device, e.g. a green-blue to ultravio-
iet emitting laser or a green-blue to ultraviolet
emitting diode, comprising a green-blue to ultra-
violet light emitting gallium nitride material on a
base structure including a silicon carbide sub-
strate, which preferably consists of 2H SiC, 4H
SIC, or a-axis oriented 6H SiC, The carrier mobil-
ity and the transparency of the silicon carbide
substrate are optimized by the selection of ori-
entation and polytype, thus enhancing device
perfarmance.

05652434 / 1997 07 29 / Nichia Chemical
Nakamura, Shuji et al

Gallium Nitride Ill-V Semiconductor. A galli-
um nitride-based 11-V Group compound semi-
conauctor device has a gallium nitride-based |lI-
V Group compound semiconductor layer provid-
ed over a substrate, and an ochmic electrode
provided in contact with the semiconductor
layer. The ohmic electrode is formed of a metal-
lic material, and has been annealed

05653798 / 1997 08 05 / Oregon Grad. Inst.
Parsons, James D

3C-Silicon Carbide Substrates. A substrate for
the growth of monocrystalline 3C-silicon carbide
is formed by growing a body of monocrystalline
cubic material for example TiC, ZrC, HfC, or TiN.

05658834 / 1997 08 19 / Syracuse Univ.
Dowben, Peter A.

Forming Boron Carbide by CVD. This inven-
lion relates to the process of deposition of

boron Qarbrde semicenductor material, and also
to semiconductor devices formed by deposition
of a boron carbide film.

05650641 /1997 07 22 / Toyoda Gosei
Sassa, Michinari

Group lll Nitride Compound and Flat Display
Comprising Same. The present invention
relates to a light emitting semiconductor device
that uses a Group Il nitride compound.
Specifically, the invention relates to a LED and
to flat or panel-type display utilizing light-emit-
ting semiconductor elements that are formed
on a substrate and selectively enabled to emit
light of a single color or one of the three prima-
ry colors at a time.

05652438 / 1997 07 29 / Toyoda

Gosei Sassa, Michinari et al

Light-Emitting Device Using Group Il Nitride
Compound. The present invention relates to a
light-emitting semiconductor device that emits
blue light and uses a Group |ll nitride com-
pound. Specifically, the invention relates to
reducing the surface areas occupied by elec-
trodes or bonding pads on a surface layer of the
device to increase the quantity of light emitted
from the device.

05650198 / 1997 07 22 / University of Calif.
Denbaars, S & Speck, J

Defect Reduction in the Growth of Group llI
Nitrides. The present invention relates to an
improved method to produce Group |l nitride
semiconductor, achieved when the thin layer Is
first formed at low pressure, then alternating
use of low pressure and high pressure as need-
ed). The method comprises:

{a) combining under metalorganic chemical
vapor deposition (MOCVD) conditions at least
one Group Il metalorganic compound with
ammonia, hydrazine, nitrogen-hydrogen, or
combinations thereof in a molar ratio of
between about 1/10000 and 2/1 of metalorganic
to the ammonia, hydrazine, nitrogen-hydrogen,
or combinations thereof, at a low pressure of
about 100 torr or less, to produce a first nitride
layer;

{b) combining under metalorganic chemical
vapor deposition conditions at least one Group
Il metalorganic compound with ammonia,
hydrazine, nitrogen-hydrogen, or combinations
thereof in a molar ratio of between about
1/10000 and 2/1 of metalorganic to the ammo-
nia, hydrazine, nitrogen-hydrogen, or combina-
tions thereof, at a high pressure of about 700 to
760 torr or greater for between about 5 and 60
min to produce a nitride layer having a reduced
defect density and;

(c) repeating steps (a) and (b) to produce a
Group |Il metal nitride having a reduced defect
density of less than half of the defects
observed wherein high and low pressure
cycling is not used.

05657335 / 1997 08 12 / Univ. of Calif.
Rubin, M et al

P-type Gallium Nitride Molecular beam epi-
taxy on substrates held at the proper tempera-
tures, assisted by a nitrogen beam of the prop-
er energy produced several types of p-type GaN
with hole concentrations of about 5x10E11 cm3
and hole mobilities of about 500 cm2/V-sec,
measured at 250 K. P-type GaN can be formed
of unintentionally-doped material or can be
doped with magnesium by diffusion, ion implan-
tation, or co-evaporation. When applicable, the
nitrogen can be substituted with other group llI
elements such as Al

Other Materials

05659184 / 1997 08 19 / Cannon
Tokunaga, H; Kawasaki, H

llI-V Device with A Polycrystalline
Structure. The present invention relates to a
method for forming polycrystals of [11-V com-
pound semiconductive material, a semiconduc-
tor device utilizing said compound semiconduc-
tive material, and a printer and a display device
utilizing said semiconductor device. Another
object of the present invention is to provide a
[1I-V compound semiconductor device formed
in self-aligned and isolated manner on arbitrary
substrates including insulating ones, and a
method for producing such semiconductor
device.

05656076 / 1997 08 12 / Fujitsu
Kikkawa, Toshihide

Si-Doped llI-V Crystal. In a method for grow-
ing a IlI-V group compound semiconductor
crystal, as a Si dopant, a compound including a
Si atom bonded to an alkyl group and a hydro-
gen atom is used. Si can be doped evenly ata
high concentration at a low temperature with a
safe operation by the invention

05661316 / 1997 08 26 / Hewlett-Packard
Kish, Jr., F & Vanderwater, D

Bonding Compound Semiconductor Wafers
To Create an Ohmic Interface. A method for
forming an ohmic interface between unipolar
(Isotype) compound sermiconductor wafers
without a metallic interlayer and the semicon-
ductor devices formed with these ohmic inter-
faces are disclosed. The ochmic interface is
formed by simultaneously matching the crys-
tallographic orientation of the wafer surfaces
and the rotational alignment within the sur-
faces of the two wafers and then subjecting
them to applied uniaxial pressure under high
temperatures to form the bonded chmic inter-
face. Such an ohmic interface is required for
the practical implementation of devices where-
in electrical current is passed from one bonded
wafer to another.



05646425 / 1997 07 08 / IBM
Beach, David Bruce

Rare Earth Doped Semiconductor Layers.
The invention relates to a CVD process for pro-
ducing supersaturated rare earth-doped semi-
conductors. The process may be used to pro-
duce optoelectronic devices comprising a sili-
con substrate and an erbium-doped epitaxial
silicon film.

05660628 / 1997 08 26 / Mitsubishi
Sato, T & Takahashi, H

Method Of Manufacturing Semiconductor
Epitaxial Wafer. There is provided a method
for suppressing generation of cracks or dam-
ages on a compound semiconductor epitaxial
wafer during an epitaxial growth due to growth
of an epitaxial layer on the rear surface at the
edge of the epitaxial layer which is located at
the upstream side of the flow of the source
gas. In manufacturing a semiconductor wafer
by growing a single crystal semiconductor epi-
taxial layer having a zinc blend structure on a
single crystal semiconductor substrate having a
zinc blend structure, the surface of the single
crystal semiconductor substrate has (100) sur-
face orientation having an off angle and a
source gas is supplied in the direction of the
off angle or in a direction at 30 degree or less
to the direction at 180 degree thereto.

05650635 / 1997 07 22 / Northwestern Univ.
Razeghi, M & Piotrowski, J

Multiple Stacked Sh Heterostructures. This
invention relates to Sb-based semiconductor
heterostructures for use in photodetectors and
more particularly series connected Sb-based
semiconductor heterostructures with reduced
dark current and increased resistance for use
at room temperature.

05658825 / 1997 08 19 / Northwestern Univ.
Razeghi, Manijeh

Method of Making an InAsSh/InAsShP
Diode Lasers. InAsSb/InAsSbP/InAs Double
Hetero-structures (DH) and Separate
Confinement Hetero-structure Multiple
Quantum Well (SCH-MQW) structures are
taught wherein the ability to tune to a specific
wavelength within 3 micron to 5 micron is pos-
!sibie by varying the ratio of As:Sh in the active
ayer,

05656540 / 1997 08 12 / OTR (Japan)
Nomura, Y: Goto, S; Morishita, Y

Semiconductor Crystal Growing Method.

This invention relates to a method of carrying
out crystal growth of a compound semiconduc-
tor and, in particular, to a method of controlling
selective crystal growth.

05645638 / 1997 07 08 / Rikagaku
Kenkyusho Kumagai, Hiroshi

Crystalline Thin-Films For Solid-State
Lasers. The present invention relates to a
method and an apparatus for preparing crys-
talline thin-films for solid-state lasers which can
be used for the development of micro-cavity
and the like, and allowed solid-state laser to
directly grow on a semiconductor laser can be
prepared.

05643827 / 1997 07 01 / Shin-Etsu
Handotai Ootaki, T. et al.

GaP Light Emitting Substrate. This invention
relates to a GaP substrate used when manu-
facturing green-light GaP LEDs. The object is
to provide a GaP wafer which contains a nitro-
gen-doped n-type GaP layer with a sufficiently
low concentration of sulfur as an n-type
dopant, and praduces a high light emission out-
put, as well as a method of manufacturing it.

05643828 / 1997 07 01 / Sony

Ugajin, R; Hase, I: Nomoto, K

Quantum Device Manufacturing Method.
A method of manufacturing a quantum device
such as a coupled guantum boxes device are
disclosed.

05647917 / 1997 07 15 / Sumitomo Electric
Oida, K & Nakai, R

InP Substrate For Epitaxial Growth. This
invention relates to an epitaxial method for
suppressing the occurrence of hillocks which
are likely to appear on an epitaxially grown
compound semiconductor. When compound
semiconductor films are grown on an InP
wafer having a surface near a (100) orientation
hillocks tend to arise on the films. Off-angle
wafers have been adopted for substrates in
order to suppress the occurrence of hillocks.
The off-angle, however, Is not the sole factor
for determining whether hillocks will be formed
on the film. There is a concealed parameter
which determines the generation of hillocks -
namely, the defects on the substrate itself. No
hillocks originate on portions of the film that
correspond to the portions of the InP wafer
without dislocations. The role of the off-angle
of the substrate is preventing the influence of
the dislocations from transmitting to the films.

A smaller density of the defects on the sub-
strate allows a smaller off-angle for suppress-
ing the hillocks from arising. A larger density
of the defects demands a larger off-angle for
the substrate so as to prevents the hillocks
from originating.

05656077 / 1997 08 12 / Sumitomo Electric
Kawase, Tomohiro

Crucible For Preparing Compound
Semiconductor Crystal. A method of prepar-
ing a compound semiconductor crystal in a eru-
cible which makes it is possible to prevent a
raw material melt from wetting the crucible
interior surface and thus to suppress polycrys-
tallization, thereby preparing a compound semi-
conductor single crystal with an excellent yield.

05656538 / 1997 08 12 / Univ. of lllinois
Gardner, N et al

Halide Dopant for S.I. lll-V's. The present
invention relates generally to the production of
semi-insulating layers of indium phosphide
{InP) or other Group IlI-V compounds in semi-
conductor devices using gas phase growth
techniques using halide dopant sources, such
as carbon tetrachloride and carbon tetrabro-
mide at low growth temperatures. The halide
dopant technique of the present invention
results in high resistivity and is more easily
Implemented than typically utilized iron doping
techniques for producing semi-insulating InP.

05653801 / 1997 08 05 / Univ. of Maryland
Chen, J-C & Huang, 2

Se Doping of lll-V Layers. Contamination of
aluminum-containing compound semiconduc-
tors is greatly reduced by an improved method
for manufacturing the semiconductors, where-
in the growing semiconductor crystal is doped
with a predetermined concentration of seleni-
um. The method of the present invention can
be used fo reduce contaminants in both p-type
and n-type semiconductors,

05650337 / 1997 07 22 / Yeda R&D
Co Cahen, D; Chernyak, L; Jakubowicz,A

Monolithic Optoelectronic and Electronic
Structures. The invention related to a process
for the production of a monolithic electronic
and/or optoelectronic single-element or multi-
element structure from a semionic material
selected from the group of semionic materials
comprising doped elemental semiconductors
and doped binary, ternary or multinary chalco-
genide or pnictide semiconductors.

See http://www.micropat.com
and select the “PatentWEB™” option.

The full text of any of these patents can be obtained by e-mail
from MicroPatent for $1.50 each.




CALENDAR

CALL FOR PAPERS

1997 Lasers and Electro-Optics Society
Annual Meeting
LEOS 47 will be held Nov, 10 - Nov, 13, 1997 at
e Crown Plaza Parc Fifty Five Hotel, San
Francisco, CA.
Contact: Ms. Melissa K. Estrin

[EEELEOS

445 Hoes Ln

TEL [1] 908 562-3896

FAX [1] Y08 562-8434

Net or Web: m.estrin@ieee.org

httpeflwww.ieee.org/leos/meet.htm

The Market and Business Outlook for
Gallium Arsenide & Other Compound
Semiconductors
A business development conference and industry
forum on "The Murket and Business Outlook for
Galliom  Arsenide &  Other  Compound
Sermconductors will be held November 12 - 14,
1957 at the Doubletree Hotel Mission Valley in
yan
Diego, California.
Contact: Intertech Corporation

411 US Route One

Portland, ME (04105 USA

TEL [1] 207 781 9800

FAX [1]207 781 2850

Materials Research Society Fall Meeting

The Eall 97 MRS Meeting will be held December
1-5, 1997 in Boston, MA. Symposia for this year's
meeting include: Self-Organized Nanostructures;
Nitride  Semiconductor  Materi Power
Semiconductor Materidls and Devices; Infrared

Proven Performance

Applications of Semiconductors; Thin-Film
Structures  for Photovoltaies; Materials and
Devices  for  Si-Based  Optoelectronics;
Semiconductors for Room-Temperature Radiation
Detector Applications: and Electrical, Optical and
Magnetic Properties of Organic Solid State
Materials
Contact: MRS
9800 McKnight Road
Pittsburgh, PA 15237-6006
TEL [1] 412 367-3003
FAX [1] 412 367-4373
Net or Webzinfo@mrs.org
htep:ffwww.mrs.org

1997 International Electron Devices
Meeting
[EDM 97 will be held December 7 - 10, 1997 in
Washington, DC. A special emphasis on RI
devices 15 planned for this year's meeting.
Contact: Phyllis Mahoney

IEDM Conference Office

101 Lakeforest Boulevard

Suite 270

Gaithershurg, MD 20877 USA

TEL: [1] 301 527 0900

FAX (1] 301 527 0994

Net or Web: pwmahoney @aol.com

hitp:/iwww.ieee.org/conference/iedm

1997 International Semiconductor Device
Research Symposium

ISDRS 97 will be held December 11, 12, 13, 1997
in Charlotesville, VA (following 1EDM n
Washington, D, C.). The Symposium will empha-
size fundamental concepts in novel devices and

An industry workhorse, the MPDR™ 610i
multipolar ECR Microwave Plasma Source
generates a high density low energy
plasma over a wide range of operating
conditions with virtually any process gas.
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MICROWAVE TECHNOLOGY FOR MATERIALS PROCESSING

advanced processing technologies.
Contact: William C. B. Peatman, Program Chair
Department of Electrical Engineering
Thornton Hall
University of Virginia
Charlottesville, VA 22903-2442 USA
TEL: (804) 979-4103
FAX: (804)979-2653
Net: wepdh@ Virginia.cdu
Web:
hitpefiwww.eevirginia.edu/ AEPLfisdrs. himl

1998 IEEE Int'l Solid-State Circuits
Conference
ISSCC '98 will be held February 5-7, 1998 in Sin
Francisco, CA. The theme of this year's meeting 1s
"Global Communications”. Onginal papers are
solicited in subject areas including but not limited
lo the following: analog, commumications, digital
and memory circuits; sensors, imagers & displays;
signal processing; and technology directions
Abstract Submission Deadline: September 5, 1997
Contact: 1SSCC 98

Diane Suiters

Courtesy Associales

2000 L Street N.W. Suite #710

Washington, DC 20036 USA

TEL [1] 202 973 8667

FAX [1]202 331 0111

NET issce@c oUrtesyassoc.com

1998 Conference on Optical Fiber
Communication

OFC 98 will be held Feb. 22 - Feh. 27, 1998 at the
San Jose Convention Center in San Jose, CA.
Contact; Ms. Lisa Myers

0SA Conference Services
2010 Massachusetts Ave., NW
Washington, DC' 20036-1023
TEL [1] 202 416-1980

FAX [1]202 416-6100

Net or Web: ofc.info@osa.org
hutp/fwww.0sa.org

Integrated Photonics Research Topical
Meeting
[PR 98 will be held March 30
British Colombia, Canada. It will consist of
atechn fabletop exhibition. Abstract
Submission Deadiine: December 1, 1997
Contact: OSA

2010 Massachusetts Ave

Washington, DC 20036-1023

TEL [1] 202416 1985

FAX [1]202 416 6100

Net or Web: ofcinfo@ osa.org

April 3, 1998 in

Victor:

neeting and a

http:iwww.osa o1z

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
hy October 24 to appear
in our next issue.

Plasma-assisted MBE and MOMBE
Compound semiconductor doping
Low damage plasma cleaning
Group I nitride film growth:

~0.5 micron/hr GaN
~1.0 micron/hr GaAsN

MPDR™ 610i Features: \\\,\Na“’emag
S %

¢ lon Energy: 10-30 eV S 2

. 5_410-1 e i

¢ Pressurg Range: 10°-10" Torr visit our web site

¢ lon density: 10'/cm? p

¢ Permanent rare earth magnets %, &

¢ Electrodeless configuration Salos @S

¢ Input power: < 300 Watts at 2.45 Ghz

¢ Bakeable to 200 °C

¢ Internal tuning

44191 Plymouth Oaks Blvd.,Ste.100, Plymouth, MI 48170
tele: (313) 454-0020 fax: (313) 454-0026



1998 Conference on Lasers & Electro-
Optics & The International Quantum
Electronics Conference
CLEOMQEC 98 wll be held May 3-8, 1998 at The
Moscone Center in Sen Francisco, CA.
Contact: Ms. Amy Hutto

OSA Conference Services

2010 Massachusetts Ave,, NW

Washington, DC 20036-1023

TEL [1] 202 416-1980

FAX [1] 202 416-6100

Net or Web: cleo.info@osa.org

http:/fwww,osa.0rg

193rd Meeting of the Electrochemical
Society
The 193rd ECS Meeting will be held May 3-8, 1998 at
the Sheraton San Diego Hotel & Marina in Sin Diego,
California.  Symposia include: El - Third
International Symposium On Low And High
Dielectric Constant Materials (covering all aspects of
low and high dielectric materials in silicon and com-
pound semiconductor; F3 - First International
Sympasium On Environmental [ssues With Materials
And Processes For The Electronics And
Semiconductor Industries (including 1I/V' semicon-
ductor materials and processes); 12 - State-Of-The-
Art-Progam  On  Compound  Semiconductors
(SOTAPOCS XXVII); KI - Light Emitting Devices
For Optoelectronic Applications Abstracts Submission
Deadline: January 2, 1998
Contact:: The Electrochemical Society

10 South Main Street

Pennington, NJ 08534-2896 USA

TEL [1] 609 737 1902

FAX [1] 609 737 2743

NET or WEB:

ecs@electrochem.org or

hutp:/fwww.electrochem.org

10th Int'l Conf. On InP and Related
Materials
IPRM 98 will be held May 11-15, 1998 in Tsukaba,
Japan. The scope of the conference will include opto-
electronics, electron devices, processing, epitaxy, bulk
growth and characterization, and new materials and
nanostructures, Abstract Submission Deadline:
November 25, 1997
Contact: [PRM '98

IEEE/LEOS

445 Hoes Lane

Piscataway, NJ 08834 USA

TEL [1] 908 562 3896

FAX [17 908 562 8434

NET msarcone@calypso,ieee.org

22nd Workshop on Compound
Semiconductor Devices and Integrated
Circuits
WOCSDICE 98 will be held May 24-27, 1998 at the
Pannonia Hotel in Zeuthen, Germany. The European
Workshop on Compound Semiconductor Devices and
Integrated Circuits aims fo bring together scientists
and engineers working in the area of 1I/V compound
semiconductor devices and integrated circuits for
microwave, mm-wave and optoclectranic applica-
tions. To encourage interaction between participants
and to permit sufficient discussion, presentations are
kept short and focused on the main results and new
ideas presented by the participants. The Workshop is
open (o European and world wide participation.
Abstract Submission Deadline; February 16
Contact: Joachim W rfl

Ferdinand-Braun-Institut

f,r Hchstfrequenatechnik

Rudower Chaussee 5

D-12489 Berlin Germany

TEL [49] 30 6392 2690

FAX [49] 30 6392 2685

NET or WEB:

wocsdice®fbh-herlin. de or

hitp:{fwww.fhh-berlin.de

1998 Electronic Components &
Technology Conference on
Optoelectronics
The 48th ECTC Optoelectronics Conference will be
held May 25-28, 1998 in Seale, WA, Papers are
solicited on all topics pertaining to the design, devel-
opment, and technology of packaging active/passive
hybrid and integrated photonic components, devices.
cireuitry and systems. Abstract Submission Deadlin:
October 15, 1997
Contact: Mark W. Beranek

The Boeing Company

PO Box 3999, MJ/S 2W-51

Seattle, WA 98124-2499

TEL[1] 253 657 5748

FAX [1] 253 637 8903

9th Int'l Conf. On Metal Organic Vapor
Phase Epitaxy
ICMOVPE IX will be held May 30 - June 4, 1998 at
the Sheraton Grande Tomey Pines in LaJolla, CA.
Topics of interest include precursors, process
design/communication issues; developing: application
sof MO compounds; growth technologies; advances in
devices by MOVPE, and characterization. Abstract
Submission Deadline: January 15, 1998
Contact: Barbara Loitwood

™S

420 Commonwealth Drive

Warrendale, PA [5086 USA

TEL [1] 412776 9000 x234

FAX [1]412 776 3770

NET kamperman@tms.org

1998 MTT-S International Microwave
Symposium
MTT 98 will be held June 7-12, 1998 at the Baltimore
Convention Center in Baltimore, MD,
Contact: Mr. Steven Stitzer

Westinghouse Electric Corp.

PO. Box 1521, MS 3TI5

Baltimore, MD 21203

TEL [1] 410 TA5-7348

FAX [1]410 993-7747

1998 IEEE Radio Frequency Integrated
Circuits Symposium
RFIC 98 will be held Jun. 07, 1998 - Jun, 12, 1998 at
the Baltimore Convention Center in Baltimore, MD
(in conjunction with MTT '98).
Contact: Dr. Vijay Nair

Motorola Inc.

2100 E. Elliot Rd., EL508

Tempe, AZ 85234

TEL [1] 602 413-5922

FAX [1] 602 413-5934

4th International Workshop on Expert
Evaluation and Control of Compound
Semiconductor Materials and
Technologies
EXMATEC 98 will be held June 22-24, 1998 in
Cardiff, Wales, UK. Central issues to be addressed are
the improvement of yield, reliability, performance,
lifetime and reproducibility of electronic and optoelec-
tronic devices and circuits through characterisation,
optimisation, and control of materials and processes.
Papers on inyestigations ranging from perfection of
crystal growth and improvement of intermediate pro-
cessing steps to device lifetime testing are solicited.
Material systems to be discussed include wide band
gap (GaN, ZnSe, SiC), intermediate band gap (GaAs,
InP, SiGe.) and narrow band gap (HgCdTe) compound
semiconductors.
Abstract Submission Deadline: December |, 1997
Contact: Cherrie Summers

Cardiff School of Engineenng

PO Baox 517, Newport Road

Cardiff, Wales CF2 1XH UK

TEL [44] 1222 874000

FAX [44] 1222 87442|

NET or WEB: summersc @ cardiff ac.uk

1998 Electronic Materials Conference
The 40th EMC will be held at the University of
Virgiia in Charfottesville, VA on June 24-26, 1997,
This conference provides a forum for topics of current
interest and significance in the areas of preparation
and characterization of clectronics materials,
Individuals actively engaged or interested in ¢lectron-
ic materials research and development are encouraged
1o attend this meeting, and papers in this general sub-
ject areq are solicited. Abstract Submission Deadline:
February 6, 1998
Contact: Barbara Loitwood

™S

420 Commonwealth Drive

Warrendale, PA 15086 USA

TEL [1] 412 776 9000 x234

FAX [1]412.776 3770

NET: kamperman@tms.org

ICCG-12 & ICVGE-10
The Twelfth International Conference on Crystal
Growth in conjunction with The Tenth International
Conference on Vapor Growth and Epitaxy will be held
July 26 - 31, 1998 at the Renaissance Jerusalem Hotel
in Jerusalem, Israel Abstract Submission Deadline:
November 1, 1997
Contact: Conference Secretariat

ICCG-12  ICVGE-10

International Travel and Congresses Lid.

P.O. Box 29313, 9 Rothschild Blvd.

Tel Aviv 61292 [SRAEL

TEL [972] 3 5102538

FAX [972] 3 5160604

NET or WEB

100264.2432 @ compuserve.com or

http://www.technion.ac.il/~iccg 12

10th Int'l Conference on Molecular Beam
Epitaxy
MBE-X will be hield August 31 - September 4, 1998 in
Cannes, France. This conference will cover the full
spectrum of MBE-related topics, in the pleasant sur-
roundings of the south of France. Abstract Submission
Deadline: TBA
Contact: Prof. Jean-Pierre Faurie

CRHEA-CNRS Sophia Antipolis

Rue Bernard Gregory

F 06560 Valbonne France

TEL [33] 4 9395 4220

FAX [33] 4 9395 4142

NET or WEB: MBE-X@crheal unice.fr

hup://www.crhea. unice. fr/

1998 Conference on Lasers & Electro-
Optics Europe & The 6th European
Quantum

Electronics Convention

CLEO EUROPE/EQEC will be held Sep. 13 - Sep. 18,
1998 at the Scottish Exhibition & Conference Center
in Glasgow, Scotland.
Contact: Ms. Melissa K. Estrin

IEEE/LEOS

445 Hoes Lane

PO, Box 1331

Piscataway, NJ (8833-1331

TEL [1] 908 562-38496

FAX [1] 908 562-8434

Net or Web: m.estrin@ieee.org

hitp:/fwww.ieee.org/leos/meet htm

1998 IEEE Bipolar/BiCMOS
Circuits and Technology Meeting BBCTM 98 will be
held September 27-29, 1998 in Minneapolis, MN.
Contact:: Ms. Janice V. Jopke

CCS Associates

6611 Countryside Dr.

Eden Prairie, MN 55346

TEL [1] 612 934-5082

FAX [1] 612 934-6741

Net or Web; jjopke@aol.com

1998 IEEE/LEOS Semiconductor Laser
Conference
The 1998
Conference will be held October
Nara Public Hall in Nara, Japan.
Contact: Ms. Elsie L. Vega

[EEE/LEOS

445 Hoes Lane

P.O. Box 1331

Piscataway, NI (08835-1331

TEL[1] 732 562-3897

FAX [1] 732 562-8434

Net or Web: ¢.vega@icee.org

hitp:iwww.ieee.org/leos/is/ehim

IEEE/LEOS  Semiconductor Laser
5-10, 1998 at the

1998 IEEE GaAs IC Symposium
The 1998 IEEE GaAs IC Symposium will be held
Nov. 01 - Nov. 04, 1998 at the Westin Peachtree Plaza
in Atlanta, GA.
Contact: Dr. William Stanchina

Hughes Research Labs., RL61

Plasma Physics Lab.

3011 Malibu Canyon Rd.

Malibu, CA 90265

TEL [1] 310317-5089

FAX (1] 310 317-5483

194rd Meeting of the Electrochemical
Society
The 194rd ECS Meeting will be held November 1-6,
1998 at the Sheraton Boston Hotel & Tower in Boston,
Massachusetts, Symposia include: Gl - Dielectric
Science And Techno-logy/Electronics Joint General
Session: HI - Interconnect And Contact Metallization:
Materials, Processes And Reliability; 11 - [11-V Nitride
Materials And Processes; JI - Fifth International
Symposium  On  Quantum  Confinement:
Nanostructures; NI - Compound Semiconductor
Power Transistors; N3 - Sixth  International
Symposium On Long Wavelength Infrared Detectors
And Arrays: Physics And Applications; N4 - State-Of-
The-Art Program On Compound Semiconductors
(SOTAPOCS XXVIII); P1 - Photovoltaics For The
21st Century Abstracts Submission Deadline: June 1,
1998
Contact: The Electrochemical Society

10 South Main Street

Pennington, NJ 08534-2896 USA

TEL [1] 609 737 1902

FAX [1] 600 737 2743

NET or WEB: ecs@electrochem,org or

hitpe/iwww.electrochem.org

45th National AVS Symposium
The 1998 AVS Natonal Symposium will be held
November 2-6, 1998 at the Baltimore Convention
Center in Baltimore, MD. AVS Technical Divisions
include: applied surfuce science; nanometer-scale sci-
ence and technology; surface science; vacuum metal-
lurgy: electronic materials and processing; plasma sei-
ence and technology: thin film; and vacuum technolo-
g2y, Abstract Submission Deadline: May 1, 1998
Contact: Marion Churchill

AVS

120 Wall Street

New York, NY 10005 USA

TEL [1] 212 248 0200

FAX[1] 212 248 0245

Net: marion@vacuum,org

Web: http:liwww.vacuum,org

1998 IEEE International Electron
Devices Meeting
The 1998 IEDM will be held December  6-9, 1998 in
San Francisco, CA.
Contact: Ms. Phyllis Mahoney

Widerkehr & Associates

101 Lakeforest Blvd.

Suite 270

Gaithersburg, MD 20877

TEL [1] 301 527-0800

FAX [1] 301 527-0994

Net or Web: pwmahoney @aol.com



Everything in TRW's Electronics Systems &
Technology Division is done in a big way. We're
working on the world’s largest III-V Semiconductor
Expansion Program for GaAs/InP HBT and
HEMT IC devices. And we're developing the
world’s most advanced GaAs/InP heterojunction
device technologies for commercial and government
wireless communication products.

At TRW, breakthrough ideas are being realized

every day. And our management team encourages
autonomy, growth and empowerment. If you'd like
to join a group that is expanding at an amazing

rate, the following positions are available at all

experience levels,

Macro opportunities
in microelectronics.

« [II-V Device Engineers for HEMT
and HBT Technologies

* Wafer Fabrication Process
Development Engineers

» Materials Specialists for MBE Growth
& Characterization

 Test Engineers for DC to
MMW Characterization

« Reliability Physicists

* Design Automation and Layout Engineers

» Technician Support for R&D,
Test and Production Areas

TRW offers competitive compensation, benefits and
excellent relocation packages. And our Space Park
campus in Redondo Beach has easy access to
everything from volleyball and surfing, to mountain
biking, skiing and hiking. Send resumes to:
Dwight Streit, TRW, One Space Park, D1/1302,
Redondo Beach, CA 90278. Fax: 310-813-0418.
E-mail: dwight.streit@trw.com

Equal Opportunity Employer

Visit us at WWW.Lrw.com
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Rates & Specifications for Standard Ads. Standard ads with minimum format-
ting are available at $25.00 per line or fraction thereof (88 characters per line), with
a $100.00 minimum. To submit your ad by mail send the ad copy as a text-only
file (<filename>.txt) on a 3.5" DOS formatted diskette to: CS Employment,
Franklin Publishing, 250 Selby Avenue, Suite 48, Saint Paul, MN 55102 USA.
You may also submit your ad copy by E mail by sending it as an plain text file (no
encoding) to: jobs@compsem.com.

Orders & Deadline. Check or purchase order must accompany order/ad copy. No
agency discounts. Compound Semiconductor is published bi-monthly. Orders and
copy are due on the 30th day of the month which precedes the cover date.

Display Ads

Black and white display ads are available for companies wishing
to use their own formatting style. Sizes and rates and given below.
Send camera-ready art to: CS Employment, Franklin Publishing,

Liberty Square, Danvers, MA 01923 USA

Size Dimensions Rate
1/4 page 5"Hx 3 3/8"W $1,350
1/2 page 5"H x 8§ 3/8"W $2,600
| page 10 7/8"H x 8 3/8"W $3.350

Orders & Deadline. Check or purchase order must accompany ad. No
agency discounts. Compound Semiconductor is published bi-monthly.
Orders and copy are due on the 30th day of the month which precedes the
cover date. For example: ads for our November/December issue are due
on October 30. The magazine is normally mailed in the third week of the
first month of the cover date.

PI(DgIGA
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Sales Position Available

Picogiga is the largest merchant supplier of MBE epitaxial
wafers in the world. The increasing number of customers
combined with the growth of our business with existing
customers and the need to maintain timely contact with all
customers has created a requirement for additional sales
support in the U.S. Picogiga is looking for strong candidates to
fill a position in

Technical Sales

Picogiga is seeking a technical sales person to staff an
Eastern regional office in the U.S. Responsibilities will include
technical sales and follow-up customer support primarily for
customers in the region. The successful candidate must have
strong written and verbal communications skills, be self
motivated, computer literate and willing to travel. A technical
background in materials science is a plus, but is not required
as is technical knowledge of molecular beam epitaxy.

Please submit resumes to:

Picogiga, Inc.

4773 Sonoma Hwy. #62
Santa Rosa, CA 95409
or fax to (707) 539-4808

EOMBOIND

SEMICONDUCTOR

Looking for a Career Change?

Compound Semiconductor has a position open for an assistant
editor. Applicants should have excellent writing skills. knowledge
of compound semiconductor technology, 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] 978 750 9739

FAX [1] 978 750 9740

e-mail: mmeyer@compsem.com

Ferdinand-Braun-Institut fir
Hochstfrequenztechnik
im Forschungsverbund Berlin e.V.

The FBH is a public research institute supported by the country
of Berlin and the Federal Republic of Germany. Its mission is applica-
tion-oriented research and, in close cooperation with industrial part-
ners, product-oriented development in the fields of microwave tech-
nology and optoelectronics based on M-V semiconductors. The activ-
ities in microelectronics center around design and fabrication of HBTs
and MMICs while the focus is on high-power laser diodes in the field
of optoelectronics.

We have an opening for a

scientist/post-doc - MOVPE - (code 12/97).

Required are a degree in physics, electrical engineering or related
subjects and experience in epitaxial growth (preferably MOVPE) and
analysis of -V heterostructures. Experience in growth and character-
isation of laser diodes is a plus.

The position is immediately available. It is a limited term con-
tract with a salary according to the BAT-O. Please send your applica-
tion with your resume, list of publications and references to;
Ferdinand-Braun-Institut fiir Hochstfrequenztechnik
z. Hd, Frau Chamoschinsky
Rudower Chaussee 5
D-12489 Berlin, Germany

For further information please contact Dr. Markus Weyers
(weyers@fbh-berlin.de)




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 ISO 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 arsenide.

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.
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