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Commercial SiGe products are a now a reality, and are starting to haye an impact on
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electronics. This paper was the Keynote Address of the 1999 Gorham/Intertech
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High Power Laser Diodes: Advances in diode lasers with output powers in excess of |
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tools in the semiconductor industry. We take a look at how the techniques can be applied
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' Gains Ground

“Things to Watch" for the coming vear, including 6"
Gads, SiGe, high power laser diodes and optical data
storage. Vitesse spearheaded the move to 6" Gads, and
now reports oultstanding digital IC yields from its
Colorado Springs facility. Coverage of how other
companies plan to follow Vitesse begins on page 33.
[Photo courtesy of Vitesse].
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NEWS BRIEFS

Two More Companies to Produce
Submarine 980nm Pumps

ollowing closely on the heels of
FUniphase Laser Enterprise, SDL

and Mitsubishi Chemical are the
latest companies to reveal plans for sup-
plying 980nm pump laser diodes for sub-
marine applications. SDL has signed an
agreement with Alcatel whereby the later
will produce undersea pump modules at
their Optronic Division, using SDL laser
chips. Mitsubishi Chemical will be sup-
plying 980nm pumps to KDD, which was
also a partner in the development of the
lasers.

As noted in our last issue (CS 5(1). p.
6). Uniphase recently announced the first
deployment of 980nm laser diodes in
under-sea fiber-optic links. Their instal-
lations will come via Lucent
Technologies, which recently won a con-
tract to supply EDFA modules to Tyco
Submarine Systems. The submarine mar-
ket has been tough to crack, because man-
ufacturers of 980nm lasers had not accu-
mulated enough field data to prove they
could meet the ultra-stringent reliability
requirements for undersea applications.
So submarine cables have instead relied
on the more mature 1480nm pump tech-
nology. But now that the reliability hur-
dle has been cleared, a rapid conversion to
980nm EDFAs is likely. This is due in
large part to the fact that this new genera-
tion of pump modules has lower noise

characteristics, which effectively increas-
es the available bandwidth and can also
be used to increase the distance between
amplifiers.

Alcatel and SDL have worked close-
ly for more than a year to verify the per-
formance and reliability of the submarine
modules. The companies have also
worked together for several years on ter-
restrial fiber optic networks. SDL has an
exclusive four-year supply agreement
with Alcatel , and is in the midst of ramp-
ing up to full production for the subma-
rine lasers.

“Alcatel’s extensive experience in the
design and manufacture of submarine
qualified components has been a power-
ful complement to SDLs world renowned
high power laser chip technology,” said
Jean-Marie Vansteenkiste, chairman and
chief executive officer of Alcatel’s
Optoelectronic activity. “In fact, we have
exceeded some of our initial performance
targets with enough margin to enable
additional network performance benefits.
We believe we can now offer the highest
level of power and reliability available in
the undersea market.”

The Alcatel/SDL pump module
design also features passive wavelength
stabilization, which the companies say is
a critical performance requirement for
wide bandwidth DWDM optical ampli-

fiers. Variations in pump wavelength can
cause changes in the amplification of the
signal channels. To prevent this, SDL has
designed the laser chip and grating to sta-
bilize the laser wavelength. According to
Donald R. Scifres, SDL’s chairman and
chief executive officer, “We are very
encouraged that our high power grating
stabilized laser appears to deliver the best
combination of performance, reliability
and manufacturability. The close coopera-
tion between Alcatel and SDL for this
program resulted in a combination of
product performance and time to market
that could not be achieved by either com-
pany alone. This partnership and contract
is part of our ongoing strategy to capital-
ize on our technology by providing large
telecommunications companies Wwith
leading edge products to boost through-
put on their networks.”

Mitsubishi Chemical developed their
980nm pump lasers working in conjunc-
tion with KDD Laboratory. Another
KDD company, KDD Submarine Cable
Systems, has a number of trans-Pacific
and trans-Atlantic projects slated for ser-
vice 1n 2000.

The companies have developed what
they call the “I-3 process™ for passivating
and coating the facet. This is a critical
manufacturing step, because facet degra-
dation leading to sudden failure is the pri-

mary reliability problem
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Left: Cross-sectional view of a laser diode passivated using the “I-3” process. Right: IL charac-

teristics of conventional and I-3 passivated devices.
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layer to realize a 2.5%
anti-reflection coating by
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ion assisted deposition for the front facet.
For the back facet, the same method is
used except an AlO,/a-Si multi-layer is
used instead of AlO, to achieve 95%
reflectivity.

Mitsubishi Chemical is taking a
highly vertically integrated approach to
the production of the devices, going so
far as to produce their own VGF (vertical
gradiant freeze) GaAs substrates. The
company is already manufacturing other
types of laser diodes, including pick-ups
for optical data storage, at its Kashima
Works in Ibaraki Prefecture. The 980nm
module is priced at about $10,000. The
company is aiming for annual sales of 10
billion yen ($73.5 mil) two to three years
from now.

Other 980nm News

On February 25 Lasertron intro-
duced a new family of 980nm Bragg grat-
ing stabilized (*BGS”) pump lasers. The
company says they are available in pro-
duction volumes with optical kink-free
powers of up to 190mW at wavelengths
from 973 to 986nm. “The shift to higher
channel counts requires amplifiers that
need high power pumps with extremely
stable dynamic performance. We are
excited about these new BGS pump
lasers because they enable our customers
to provide these state-of-the-art ampli-
fiers to end users of the latest DWDM
systems,” stated Dr. Robert Hannemann,
President of Lasertron. He reports that
company’s pump lasers are deployed in
major long distance networks and rings,
saying that Lasertron has “more than
35,000 devices in the field and over 400
million cumulative operating hours™.

Not everyone thinks the 980nm
pump laser market is a good place to be.
Ortel recently announced that it was
discontinuing its 980nm product line.
The company had entered the market in
Fall 1997, and over the course of 15
months registered just $1.4 million in
sales. Ortel says this was far below their
expectations, “due largely to rapid and
continual price reductions in the
marketplace”. The company decided to
exit the business rather than take on the
large R&D commitments that would be
necessary to differentiate Ortel’s product
from the competition’s.
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Nokia Officially Tops in Mobile Phone Sales

mobile phones in 1998, according to much anticipated figures released on
February 9 by Dataquest.

Worldwide shipments of handsets rose an amazing 51% to 162.9 million
units, driven in large part by the increasing popularity of the new digital ser-
vices. Digital mobile phone sales surpassed analog phones for the first time,
racking up 84.6%of total mobile phone sales. A typical wireless phone has a
wholesale price of slightly more than $170, which means that the total market
can be valued at $27.7 billion for 1998.

Having a better digital strategy is what allowed Nokia to surpass Motorola,
grabbing 22.9% of the market. Motorola held its No. 1 position in the analog
segment, but Nokia posted the strongest growth in the total mobile telephone
market, with shipments increasing 81.5%.

“Nokia has based its product strategy on a few product platforms that have
been adapted to all digital standards,” said Peter Richardson, principal analyst
for Dataquest’s Mobile Communications Worldwide program. “The company’s
product designs and feature sets were created from an intelligently conceived
market segmentation plan that looked to consumer desire for inspiration, not
simply engineering ability.”

The third largest supplier was Ericsson,
with 14.6% of the market. While Ericsson’s
shipments grew 49.7%, they were not able to
gain an additional market share compared to
1997,

Rounding out the top five were Panasonic i.
with 8.2% of the market and Alcatel with 4.3%. | ' e
A large number of other manufacturers account- | f
ed for the remaining 30% of the market.

With 32.5% of mobile phone sales, Western
Europe was the No. 1 region in the world. The
United States was second with 17.1% of sales,
followed by Japan with 16.5% of sales and the
highest per capita level of sales for any country
worldwide.

It’s official: Nokia moved past Motorola to become the top supplier of

Worldwide Mobile Telephone Terminal Sales Estimates for 1998

[Thousands of Units)

Nokia

1998 | 1998 Market | 1997 1997 Market | Growth

Company Unit Sales | Share (%) | Unit Sales Share (%) (%)

Nokia 37,374 22.9 20,593 19.1 81.5
Motorola 32,319 19.8 25,328 23.5 27.6
Ericsson 23,827 14.6 15214 14.8 497
Panasonic 13,397 8.2 8,627 8.0 553
Alcatel 6,967 4.3 2,631 2.4 64.8
Others 48,972 30.0 34,725 32.2 41.0
Total Market | 162,856 100.0 107,818 100.0 51.0

Note: Because of rounding, the total percentage in 1998 does not add to 100 percent.

Source: Dataquest (February 1999)
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TriQuint’s Millimeter Wave Operation,

One Year Later

n  January of 1998, TriQuint
ISemiconductor acquired the former

Texas Instruments GaAs operation in
Dallas, Texas. One year later, this enter-
prise, now known as TriQuint’s
Millimeter Wave operation, accounts for
roughly one-third of TriQuint’s business.

Steve Sharp, President and CEO of
TriQuint, reports that orders and ship-
ments for the Millimeter Wave operation
are at record levels. “This product line
has grown every quarter since the acqui-
sition.” he says. He also notes that mil-
limeter wave revenues for the most recent
quarter were 30% higher than they were
at the time of the acquisition.

Half of TriQuint’s recent design wins
came from the Millimeter Wave opera-
tion. They included 13 for LMDS appli-
cations, 10 for satellite communications,
9 for telecommunications, and 6 for
defense systems. TriQuint defines a
design win as “major” if it is likely to
generate at least $100,000 per year in rev-
enues “if and when it reaches produc-
tion”. Defense-related sales have dropped
to around 40% of sales, and are expected
to decline further to around 30% in the
foreseeable future.

From TI to Raytheon to
TriQuint

The TI GaAs operation started out as
an R&D effort in 1965, largely to support
TI’s defense electronics business. In 1997
it was acquired by Raytheon as part of
that company’s $3 billion acquisition of
the entire Tl defense systems business.
However, the U.S. Justice Department
forced a divestiture, due to concerns
about the possibility that Raytheon might
develop a monopolistic position in the
supply of GaAs MMICs for radar trans-
mit/receive.

TriQuint acquired the operation for
just $39 million, which was less than two
times annual sales, which were variously
estimated to be in the $25 — 40 million
range. [t appears that some potential bid-
ders were put-off by concerns about prof-

itability. However, TriQuint reports that
the operation is profitable, and has been
since the acquisition.

The business came with some built-
in advantages, especially since it gave
TriQuint access to high frequency tech-
nologies that it previously lacked. Five
production processes are currently
offered for foundry customers needing
circuits operating at frequencies through
40 GHz.

* MESFET (0.5 pum): Two versions are
offered; one for LNAs, mixers, and signal
amplifiers: the other for moderate power
and general-purpose amplifiers and
switches: both options to 18 GHz.

* HFET (0.5 pm): High breakdown volt-
ages, RF output power, and efficiency.
For high voltage power amplifiers and
switches; lower voltage, high power den-
sity linear circuits to 18 GHz

* Power-pHEMT (0.25 um): Both high
power and low noise designs through 40
GHz frequencies.

* pHEMT (0.5 pm): High power density,
gain, and efficiency; Low noise figures;
for applications through 18 GHz.

» VPIN (Vertical PIN): High performance
switches, limiters, and attenuators
through 20 GHz.

TriQuint Texas also has high perfor-
mance HBT technology.

All processes are run on a 4" produc-
tion line. While the company says it is
monitoring developments in the area of 6"
GaAs carefully, it doesn’t plan to scale up
at either the Texas or Oregon facility until
the current 4" capacity is fully utilized.

TriQuint's Product Portfolio

Millimeter
Wave
32% A
il
Telecom ) FOUﬂdFY
18% Services

25%

| Compound
Semiconductor Foundry
Opens in California

new compound semiconductor
Afoundry, Global Communi-

cation Semiconductors (GCS),
has been formed in Torrance,
California. While I1I-V epiwafer ven-
dors abound, and many GaAs IC ven-
dors also offer foundry services, GCS
founder and President Owen Wu
believes that his company is the first
to offer all of the post-epitaxial
growth processing steps while at the
same time remaining committed to
remaining purely a foundry service.

“We will not produce end prod-
ucts that will compete with our cus-
tomers. Customers can be assured
that their intellectual property will
remain confidential and we are dedi-
cated to maintaining ethical business
partnerships with no conflicts of inter-
ests,” he said. GCS will specialize in
AlGaAs and InGaP HBT and HFET
foundry services for telecommunica-
tion, high speed networks.

Dr. Wu is a well-known figure in
the compound semiconductor indus-
try, having worked for several years at
Hughes. He reports that many of the
other key employees in the company
have compound semiconductor expe-
rience gained at a variety of industrial
companies.

GCS employs a modular process-
ing concept in wafer fabrication, uti-
lizing common processing steps
among different device technologies
to simplify the production process.
The process modules offered at GCS
include lithography (<0.3 pm); metal-
ization (AuGe, Ni, Ti, Pt, Au and
NiCr); dieletric film deposition, etch-
ing, and wet process; backside via
hole processing; epitaxial growth and
characterization of 2 - 6" wafers; on-
wafer RF testing from DC to 40 GHz.
Assembly and packaging services are
also available through allied compa-
nies.

GCS reports that delivery of fully
processed HBT wafers has already
begun.

Compound Semiconductor March 1999
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Challenges and Opportunities

for Compound Semiconducto

STAN BRUEDERLE
Chief Analyst, Dataquest, Inc.

gy will continue to grow at a healthy rate over the next five

years, particularly in the field of opto-electronics. For
other high volume applications, including mobile phones and
fiber-optic communications, GaAs faces encroachment from sil-
icon-based technologies. This study analyzes market dynamics
and technology trends in three key areas - wireless communica-
tions, fiber-optic communications and optoelectronics - and
identifies opportunities for compound semiconductors in the face
of the challenge from competing technologies.

Thc overall market for compound semiconductor technolo-

Market Growth

Dataquest estimates that the total market for products man-
ufactured with compound semiconductor technology was $5.7
billion in 1997. The market was dominated by opto-electronics
with $4.2 billion in revenues (see Figure 1). The key application
sectors were LEDs and displays, which generated $1.9 billion in
revenues, and laser diodes, worth $1.5 billion. Revenues from
analog microelectronics were $1 billion, primarily in wireless
communications applications, while digital microelectronics

I'S

This paper was the
Keynote Presentation of the
Compound Semiconductor

Outlook ‘99 Conference

accounted for $500 million in data communications, instrumen-
tation and computer systems.

By 2002 we are expecting the overall market for compound
semiconductors to reach $9 billion, representing a CAGR of
roughly 10%. Opto-electronic applications are expected to reach
$6.7 billion, or 74 % of the total market. Most of the growth in
this area will come from LEDs and displays in a variety of new
applications, which are expected to reach a total market of §3 bil-
lion, and the continuing growth in demand for laser diodes ina
variety of communications, consumer, and computer-related
applications. The market for laser diodes is predicted to reach
$2.5 billion by 2002.

Dataquest expects the growth of analog and digital micro-
electronic applications to be moderated by competition from sil-
icon-based products for selected functions, particularly in appli-
cations up to 3 GHz. Silicon germanium in particular is threat-
ening to challenge GaAs in both wireless and high speed com-
munications.

Gallium arsenide has enabled high performance low power
solutions in many applications, particularly cellular phones and
fiber-optic communications. However, silicon is now challenging

GaAs in a number of high volume applications, partic-
ularly the two just mentioned, and analysis of these

Markets For Compound Semiconductors
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application areas serves to point out the moving bound-
ary between silicon and GaAs.

Cellular Phones - Silicon Moves In, GaAs
Retains PA Sockets

Dataquest tears down and analyzes cellular phones
among other applications. An example using a tear-
down analysis of the Nokia 6110, a currently popular
GSM phone, demonstrates the silicon challenge. This
phone has a total component count of more than 300, of
which 36 are semiconductors. Three integrated circuits
and a few discrete devices comprise the RF section of
the transceiver. Of the three ICs the power amplifier i
made of GaAs, the others of silicon. Dataquest believes
this is indicative of a future trend.

Dataquest

Figure I. The total revenue from the compound semiconductor market
will reach $9.0 billion in 2002, with optoelectronic applications
accounting for 74% of this amount.
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Silicon currently represents about 95% of all semi-
conductor revenues (roughly $140 of $147 billion in
revenues in 1997). Massive investments in silicon con-



Ultra-reliable thin-film deposition -
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Why do more thin-film professionals prefer Temescal?
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positively reliable coating.”
Temescal systems of
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Get superior components, too. Faster than ever.
Making ultra-reliable coating systems requires ultra-reli-
able components. So Temescal makes their own...

The performance of Temescal e-beam guns has
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become a legend in the industry — over 12 thousand in
operation around the world! The same is true in ultra-
precise power supplies. So Temescal definitely is the
place to go for components.

And now Temescal is maintaining shelf
stock on all the most-asked-for compo-

nents — so you can get them faster than

O ever. Usually shipped within 24 hours!

See for yourself. Call Temescal.
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Coating objects in the micron range or up to 4 feet
square. Whatever your coating need, Temescal has a

thin-film deposition system to cover it.

For coating systems or components, call
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tinue to push the state-of-
the-art. As a result,
dimensions are approach-

RF Semiconductor Revenues in
Cellular/PCS Handsets
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provement in performance
of silicon-based technolo-
gies is creating a moving
barrier between GaAs and
silicon. As a result we have seen the continued encroachment of
silicon into applications that are considered to be the domain of
GaAs.

The good news is that we believe that GaAs will increase its
share of the power amplifier sockets in cellular phones. It will
also enable emerging market opportunities such as LMDS, mil-
limeter-wave communications, and others.

As a result of these developments, Dataquest expects that by
2002, cellular phones will contain 14 semiconductors and five
integrated circuits. The RF section of the transceiver will be
made up of two ICs, a GaAs power amplifier and a silicon-based
transceiver subsystem.

GaAs revenue growth in cellular phones will be lower than
overall growth. By 2002 we are forecasting the production of
317.5 million cellular/PCS phones. They are expected to con-
sume more than $3.6 billion of RF semiconductors and about
$800 million of GaAs products. We predict that the share of
GaAs will decrease from 24% in 1997 to 22% 1n 2002 (see
Figure 2).

Fiber-Optics - CMOS and SiGe Challenge GaAs

Silicon is challenging GaAs in high-speed data communica-
tions as well. As the number of fiber-optic communication nodes
continues to rise, driving demand for gigabit digital ICs, (see
Figure 3), silicon solutions are being introduced for 2.5 Gbps
applications and SiGe is being seriously analyzed for 10 Gbps
applications. Most silicon-based suppliers of digital devices for
fiber-optic communications have SiGe on their technology
roadmaps. SOI and SOS promise to expand the capabilities of sil-
icon while providing a high resistivity substrate for creating high
quality passive components.

An examination of the demand for semiconductor devices
shows that silicon technology improvements are appearing as the
market demands higher performance. As a result, we expect to
see the use of silicon to some extent in the highest performance
segments of fiber-optic communications.

10 Compound Semiconductor March 1999

Figure 2. Dataquest forecasts the production of 317.5 million handsets in 2002, consuming $3.6 bil-
lion of RF semiconductors, of which over $800 million will be GaAs. While GaAs will increase its
share of the power amplifier market, it will slowly be replaced by silicon for other handset functions.

Demand for Gigabit Digital ICs
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Figure 3. The number of fiber-optic communication nodes con-
tinues to rise sharply, driving the demand for gigabit digital
ICs, but silicon is challenging GaAs even at 10 Gbps.

Dataquest developed a technology roadmap for fiber-optic
communications a few years ago (see Figure 4). Each year we
have had to incorporate silicon into higher performance segments
of the roadmap. In our 1998 version of the roadmap we indicat-
ed higher levels of integration using higher performance CMOS.
[n addition, companies have adopted SiGe as a silicon-based
solution for 2.5 and 10 Gbps systems. Specifically, we have
found that transceiver functions at 155 and 622 Mbps are being
integrated into a single IC. At 2.5 Gbps, bipolar devices have
been introduced to compete with GaAs functions while compa-
nies have added SiGe to their roadmaps because it promises
lower power than bipolar solutions. At 10 Gbps. transceivers are
currently made with multichip GaAs designs with SiGe being
considered as an alternative, particularly by silicon-based suppli-
ers like AMCC.

Daraguest

Dataguest
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Bright Future for Optoelectronics

Optoelectronics is an area with little competition from
silicon, and an increasing array of emerging opportunities.
The development of brighter and multicolor LED lamps and
displays are enabling new applications. Greater efficiency
and reliability make LEDs a natural replacement for
incandescent lamps in selected applications. The insatiable
demand for bandwidth is driving the need for laser-driven
fiber-optic communications. And finally, laser-based discs
(CD, DVD) continue to become the standard for recording
and playing back music and video programming.

Cities are replacing the incandescent lamps in red stop
lights with LEDs. The reductions in power consumption and
higher reliability have a payback in about 18 months. They
also have the benefit of doing a better job of catching your
attention when they change to red. The faster response time of
LEDs causes the light to almost jump out at you as you are
approaching it. This could reduce the number of accidents
that occur at intersections due to people not noticing the
lights.

Similarly, LEDs are becoming more commonly used in
autos, initially in the bezel in the rear window. Additional
applications are being developed for the dash and other
indicator light applications. LEDs have the advantage of
using less power, being brighter, more reliable, and capable of
being formed to fit different shapes. Lastly multi colored
LEDs are beginning to appear in video monitors used in large
arenas and for video displays in cities throughout the world.
LEDs for these applications are substantially lighter than
prior systems in addition to being more reliable and lower
power. These applications alone are expected to generate
$1 billion in revenue by 2002.

o Clock & Data Demultiplexer SONET
is) Regeneration SDH
Wy
a
o ~ | |
() Overnead
8 il
iz | Laser Diode & Framing
& Driver Amps Multiplexer Processing
- = 4l Ll ~ ¢ S " e
155 Mops Bipolar=CMOS CMOS ar=+CMOS
622 Mbps BP/GaAs=CMOS BiICMOS/CMOS BP/GaAs=CMQS
2,488 Mops  GaAsGahs/SiGe GaAs2BICMOS/CMOS GoAs=HGaAs/SiGe

9,952 Mops ~ GoAsGahs/SiGe  GuAs9Gars/SiGe  GaAs=GaAs/SiGe

Figure 4. Dataquest’s roadmap for fiber-optic communica-
tions, showing technologies used for the digital components
that interface between the fiber-optic module and the sys-
tem. Transceiver Functions at 155 Mbps and 622 Mbps are
being integrated into a single IC using high performance
CMOS. Bipolar silicon competes strongly with GaAs at 2.5
Gbps, while SiGe is being considered as an alternative solu-
tion to GaAs at 10 Ghps.

Dataquest

Challenges and Opportunities

After considering the prior analysis it is clear that markets for
compound semiconductors will continue to grow, even though the
technology is being challenged by silicon in a number of important
applications.

Semiconductor markets are entering a period of increased com-
petition between companies and between technologies. | believe that
companies making analog and digital GaAs products can benefit by
recognizing that silicon may have a place in their technology portfo-
lio. With the availability of silicon contract manufacturing services,
companies can realize higher growth and more effectively use their
scarce design resources by applying them to the best technology for
particular jobs.

For those companies that might be concerned about the possible
erosion of their GaAs business, there are emerging opportunities for
millimeter-wave communications products that are best satisfied by
GaAs technology. Over the next five years we expect these to provide
a growing revenue source for GaAs companies of more than $500
million. And optoelectronics has opportunities that will continue to
provide increased growth for this segment for the foreseeable future.

This paper was originally presented as the keynote address
at the Gorham/Intertech “Compound Semiconductor Outlook™
Conference, which was held in San Diego, CA on March 2-3.
Additional papers from that conference will be published in
upcoming issues.
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NITRIDE NEWS

Matsushita Reports CW Blue Laser,
Minimum Spot Size for Next-Generation DVD

atsushita Electric Industrial Co.
Mle. recently announced two key

developments on the road to a
next-generation, high density DVD sys-
tem. The first development is that
Matsushita has joined Nichia, Cree, Sony
and Fujitsu on the list of companies that
have demonstrated room temperature CW
operation of a GaN-based laser.
Matsushita also demonstrated that the
400 nm laser could be focused to a spot
with a diameter of 440 nm. Both these
features are likely to prove crucial as
Matsushita, along with other manufactur-
ers of DVD players, seeks to increase the
single-side capacity of DVD disks from
4.7 GB to 15 GB.

Spot Size and Data Capacity

For optical storage systems (e.g. CD,
DVD). the disk capacity is determined to
a large extent by the size of the laser spot
after it has been focused through the
objective  lens [see “How It
Works...Optical Data Storage™]. Put sim-
ply, a smaller laser spot can read and write
features which are closer together, allow-
ing more data marks to be put onto the
disk. The diffraction-limited spot size is
proportional to the laser wavelength,
which is driving the move from IR lasers,
used in CDs, to red lasers, used in DVDs,
to blue lasers for the next generation of
DVDs (see graph).

Evolution of Optical Storage Technology
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Panasonic

The trend toward increasing optical data storage capacity is creating a demand for
shorter wavelength lasers. CD technology using 780 nm AlGaAs lasers offers 650 MB
capacity; fully rewritable (CD-RW) systems were introduced by Philips in 1997.
Current DVD technology, using 650 nm AlGalnP lasers, offers a single-side capacity
of 4.7 GB, with DVD-RAM drives providing 2.6 GB. Matsushita/Panasonic plans to
introduce a 2nd generation DVD-RAM with 4.7 GB capacity at the end of 1999, using
650 nm laser technology. Blue lasers will enable high density (HD) DVD with a capac-
ity of 15 GB per side, enough for 6 hours of TV programming or 2 hours of HDTV

programming.
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Matsushita’s second harmonic genera-
tion (SHG) laser mounted onto an opti-
cal head to demonstrate the feasibility of
high density recording and direct modu-
lation.

At present, DVD-ROM has a storage
capacity of 4.7 GB for a single-sided disk,
compared to 650 MB for a CD-ROM.
This increase in capacity is, for the most
part, enabled by decreasing the size of the
data marks on the disk and putting them
closer together. The minimum feature size
which can be read from or written onto
CDs is 0.82 pm, while for DVDs it is 0.4
um. In turn this is made possible by
switching from 780 nm AlGaAs lasers,
used in CD-ROMs, to 650 nm AlGalnP
lasers, which are used in DVD-ROMs.
The target storage capacity for the next
generation of high density (HD) DVD 1s
15 GB. In order to achieve this, the mini-
mum feature size will be reduced to 0.24
um, requiring the use of short wavelength
blue lasers.

According to Panasonic, a capacity
of 15 GB will allow rewritable DVD to
compete directly with (and perhaps even-
tually replace) standard analog VCR for
home recording applications. Television-
quality image data, such as is currently
supplied through digital satellite broad-
casts, uses an encoding speed of 4-6
Mbit/s. At 6 Mbit/s, a 15 GB DVD disk
would be able to store almost 6 hours of
data, which is the same as a standard 120 |
minute VCR tape running in extended




recording/playback mode (one third nor-
mal speed). However, the picture quality
from DVD would be significantly better
than the VCR recording. The 15 GB
capacity should also allow recording of
over 2 hours of high-definition television
(HDTV) broadcasts.

Blue Lasers - GaN v. SHG

The GaN-based laser reported by
Matsushita was grown on a sapphire sub-
strate and exhibited room temperature
CW operation at a wavelength of 400 nm.
The threshold current was 440 mA. the
threshold voltage was 11.4 V, and the
average output power was 5 mW.
Although  further development is
required, Matsushita now has two types of
violet laser to choose from; the newly
developed GaN-based device, or the sec-
ond harmonic generation (SHG) source
which has been around for nearly two
years [see CS 3(4), p. 18]. This laser com-
bines a 100 mW, 850 nm tunable DBR
laser diode with a MgO-doped LiNbO;

waveguide, to deliver 15 mW output
power at 425 nm. Marks corresponding to
a capacity of 15 GB have been recorded
on an optical disk using this laser (see
photo).

The GaN-based device is more com-
pact than the SHG laser, and is far more
suited to mass production. According to
Matsushita, it is much easier to make a
tightly focused spot on the disk using an
SHG laser, and this is also the lower noise
solution, since reflected light is unable to
re-enter the optical waveguide. Also, it
should be readily straightforward to adapt
the SHG design to allow it to output more

than one wavelength, making playback of

current DVD disks and CDs possible.
However, the SHG device requires pre-
cise adjustment of the laser source and the
waveguide. The challenge for both laser
technologies is substantial. For a typical
DVD player, the optical head is budgeted
at 5-10% of the total cost, which means
that the laser must come in at 1-2%.
Matsushita believes that GaN and
SHG lasers will both be used for future

NITRIDE NEWS

SEM photograph sh

ed on a phase-change optical disk con-
taining land-and-groove tracks with a
pitch of 0.33 um. The demonstrated
recording density corresponds to a
capacity of 15 GB per side.

generation DVD, according to different
models of DVD players. “For compact
DVD players, GaN will be used. taking
advantage of its compact size,” said a
spokesperson, “For high-end table-top
DVD players, SHG will more likely be
used for the purpose of achieving higher
precision.”

Did you know Thomas Swan...

have specifically designed a close-coupled showerhead
(CCS) MOCVD reactor for GaN

Did you know CCS...

e maximises reagent utilisation

e enables excellent uniformity of thickness and alloy composition
e delivers monolayer abruptness of interfaces

e enables high Indium and Aluminium content alloys

e delivers on process stability and reproducibility

e enables high linear rates of growth <8umfhr

CCS is available at 1x2", 3x2" and 6x2" for GaN
CCS The MOCVD technology of choice for GaN

homas Swan, Unit 1c, Button End, Harston, Cambridge, CB2 5NX UK
el: +44 (0)1223 872282 Fax: +44 (0)1223 871714
E-mail: sandra@thomasswan.co.uk
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HOW IT WORKS

Optical Data Storage

he optical storage market, which includes the many vari-
Tants of CD and DVD technologies, consumed over 260
million lasers in 1998, making it by far the biggest laser
diode market in terms of units shipped. This figure is expected to
top 300 million in 1999. CDs use AlGaAs lasers at 780 nm, while
DVD players use AlGalnP lasers at either 635 or 650 nm. The
next generation of DVD players will use blue lasers at around 410
nm.
Read-only variants (CD audio, CD-ROM, DVD-ROM etc)
use lasers with an output power of around 5 mW to detect pits
which are permanently pressed into the spiral groove on the
disk’s surface during manufacture. Write-once and fully
rewritable variants (CD-R. CD-RW,
DVD-RAM etc) read data in the same
way, but in these cases the laser is
capable of higher output powers (30-50
mW) to write data marks onto the disk.
The generic optical head arrange-
ment is shown below. The combination
of collimator, polarizing beam-splitter
and quarter-wave plate produces a par-
allel beam, which is circularly and linearly polarized. This is
focused onto the surface of the disk by the objective lens. The
diffraction-limited spot size of the laser beam on the disk is large-
ly determined by the wavelength of the laser. The reflected beam
1s diverted by the beam-splitter to the photodiode.

Compact Discs

In CD audio and CD-ROM disks, the data 1s permanently
pressed into a polycarbonate plastic substrate as a series of pits,
The top surface is covered with a reflective aluminum layer, a
protective acrylic layer and a label. When the laser shines on the
underside of the disk, tracking along the spiral groove, it encoun-
ters pits which have a very low reflectivity, and the areas between
them, which have a high reflectivity. The player registers the dif-
ference in reflectivity as a binary data sequence.

CD-R (CD-Recordable) disks are write-once CDs contain-
ing a dye layer which absorbs laser light during recording, per-
manently generating low reflectance
pit-like marks on the surface. CD-R is
gaining popularity for permanent
archiving of official documents or med-
ical data, or for generating high data-
content, multimedia promotional mate-
rial. Photo CD 1s a form of CD-R, used
for recording digital photos.

CD-RW (CD-ReWritable) disks
contain a layer of phase-change material, such as AgInSbTe. This
is initially polycrystalline, but during the writing process the
laser heats areas of the material to above its melting point
(around 500-700°C). This requires a laser output power of 35-50
mW. Rapid cooling forms an amorphous region which has a

much lower reflectance than the poly-

crystalline regions. During rewriting,
the laser heats amorphous areas to
around 200°C for sufficient time to
allow the material to re-crystallize.
Read-only CD audio players and |
CD-ROM drives used over 240 mil-
lion lasers in 1998. making this the
largest market for semiconductor

Semiconductor
Laser

Objective Lens Collimator diode lasers by an order of magnipgde.
Cioiier (Second place was taken by visible |
Wi Pleits e lasers  for laser pointers, which

rafing accounted for around 20 million units
Plate in 1998). The slow take-off of DVD.
Pokirizing and c:nnfusinn over st‘andards. has
Boam & lber opened a window for writable CD for- |
P mats. Around 5 million CD-R and
Lens CD-RW drives were shipped in 1998,
and this figure is expected to double in
) 1999.
Cylindrical CD video is a CD-based technol-
i ogy for storing motion pictures, which
is only used in China. Sony's
Playstation games console has created S
Photodiode

a further large market for CD-ROM ﬁ
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Cross-section through a rewritable CD (CD-RW) disk. The
phase-change layer contains data marks in the form of highly
reflective polycrystalline regions, and amorphous areas which
have a very low reflectivity.

DVD

Depending on who you ask, DVD stands for Digital Video
Disk, or Digital Versatile Disk, or nothing at all. DVD uses the
same basic principles for data storage and retrieval as CD
technology. DVD video and DVD-ROM are read-only formats,
with the data permanently imprinted into the carrier, while DVD-
RAM is a rewritable format that uses a phase-change material.

The most important difference between CD and DVD
technologies is that DVD offers a higher storage capacity.
mainly by virtue of using 635 or 650 nm lasers instead of 780
nm lasers. The shorter wavelength results in a smaller spot size
on the disk, allowing the features to be closer together. The pitch
of the spiral track is reduced from 1.6 pm on a CD to 0.74 um on
a DVD disk, and the minimum feature size is 0.40 pm for DVD,
compared to 0.822 um for CDs. DVDs also have a faster
rotational speed and use MPEG-2 digital data compression.

_—_-CD pit/mark L ExistingDVD ~ Next-generation
( /" pit/mark / DVD pit/mark
/ CD _DVD HD-DVD
4 < 410 nm
| 780 nm ) 650 nm GaN or SHG
L AlGaAs AlGalnP [
~ " laser Laser
650 MB 4.7 GB 15GB
Capacity Capacity Capacity

d Schematic representation of the relative sizes of laser spots and

pit marks in CDs, current DVDs and the next generation of

high density DVDs.

Current DVD-ROMs have a capacity of 4.7 GB for a single-
sided, single layer disk. A DVD disk can be single or double-
sided and can have one or two layers of data. CD-ROM, CD-R
and CD-RW have a capacity of 650 MB. The advent of blue
lasers is expected to increase DVD capacity to 15 GB, by
reducing the minimum feature size to 0.24 pm (see
accompanying article). Panasonic’s technology for high density
media includes recording both in the spiral groove and on the
area between the grooves (lands).

A typical laser for DVD video and DVD-ROM, supplied by
Rohm Corp., has the following specifications. The device is a
650 nm AlGalnP laser with a strained MQW active region,
which has a maximum output of 7 mW and can operate at
temperatures as high as 70°C. The device has a MTTF of 10.000
hours at 60°C and an optical output power of 5 mW.

DVD sales got off to a slower than expected start. Around 1
million DVD video players were shipped in 1998, along with
around 5 million DVD-ROM drives. DVD-ROM drives are
expected to replace CD-ROM drives on all new PCs in 3-4 year’s
time; Toshiba has stated that it will stop manufacturing CD-
ROMs by the end of this period.

DVD-RAM

First generation DVD-RAM drives offer a capacity of 2.6
GB for one-sided media. A typical DVD-RAM laser (from
Toshiba) operates at 658 nm, with an output power of 35 mW
CW and 50 mW pulsed. Panasonic is working towards a second
generation of DVD-RAM with a capacity of 4.7 GB, which
should be launched by the end of 1999. The enhanced capacity
will be achieved at the same diode wavelength by using
improved media and disk writing techniques. However all the
major DVD-RAM laser manufacturers, including Matsushita,
Toshiba, Mitsubishi, Hitachi and NEC, continue to report
improvements in AlGalnP laser technology, with a target
specification of reliable operation at 50 mW and 70°C.

Panasonic’s current DVD-RAM drive, the LF-D101, offers
unprecedented compatibility with other optical storage media.
The unit contains both 650 nm and 780 nm lasers and two
objective lenses, allowing it to play all types of CDs, including
CD-RW, as well as DVD-ROM, DVD-video and DVD-R.

Magneto-Optical Data Storage

Magneto-optical (MO) systems use a substantially different
technology for storing data. Both a laser and a magnetic head are
required to record onto the magnetic layer of an MO disk. The
laser heats the magnetic layer to around 300°C and the magnetic
head changes the magnetization (direction of magnetic spin) of
this layer. During readout by the laser at low output powers, the
spin direction affects the polarization of the reflected laser light.

Sony’s MiniDisc system uses MO technology. The laser
source is a 790 nm AlGaAs laser with an output power of 0.6
mW during reading, and 4.5 mW when writing data. High
capacity MO storage systems use 685 nm lasers.
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LEO Unmasked By Pendeo-Epitaxy

new approach for lateral epitaxial overgrowth
A{LEOJ results in nearly defect-free GaN mate-

rial without the need to use a SiO> mask. The
technique has been designated “pendeo-epitaxy™ by its
originators at North Carolina State University///.
Rather than growing GaN through windows in a SiO;
mask, the material is grown laterally from {1120}
sidewalls of [0001]-oriented columns of GaN, and
does not have contact with or support from an under-
lying substrate. The prefix “pendeo” means “hangs
on”or “suspends from”.

The conventional LEO technique involves growth
of a GaN layer on a sapphire or SiC substrate with the
appropriate buffer layers. The GaN layer has a high
dislocation density, typically 108-10% /cm2. Next, a pat-
terned S10, mask is deposited, with the window
regions exposing the underlying GaN layer. In subse-
quent epitaxial overgrowth, the GaN grows vertically
through the window opening but also grows laterally
above the Si0; mask regions. Dislocations from the
underlying layer propagate in the vertical growth
region above the window but do not extend laterally,
resuling in low-defect, laterally grown material above
the mask regions.

NCSU showed that, while vertical growth occurs
on the (0001) GaN face, the crystallographic tem-
plates for lateral growth during LEO are either the ver-
tical {1120} side facets if the SiO; stripes are orient-
ed along the <1100> direction, or the 62°-inclined
(1101} facets if the SiO; stripes lie in the <1120>
direction. Hence, if these facets are present then later-
al growth should occur even without a Si0; mask.

[liSee T. Zheleva et al, MRS Internet J. Nitride Semiconductor: Res.,
1998, 48], (G3.38

Removing the Mask

The pendeo-epitaxial growth and process sequence used by NCSU is
as follows (see figure). Firstly. a GaN layer is deposited on a 6H-SiC sub-
strate with an AIN buffer layer. Then, selective etching down to the sub-
strate through a Ni mask forms GaN/AIN/SiC columns. Subsequent growth
of GaN without the use of a mask material can occur in two main modes,
depending on the MOVPE growth conditions. In Mode A, lateral growth
occurs from the {1120} sidewalls into and over the wells, while in Mode B,
initial growth occurs from the (0001) planes followed by lateral growth over
the wells.

In both cases, TEM studies reveal that the laterally grown regions
exhibit 4-5x lower dislocation densities compared to the regions within and
vertically above the GaN column (see photos). The regions above the voids
where the pendeo-epitaxial GaN structures coalesce are usually free of
defects. SEM and TEM studies also indicate that the lateral growth rate of
PE-GaN is 4-5x larger than the growth rate of conventional LEO GaN, for
the same geometry.

(0001) —
R B
T i
Vertical Lateral Growth - Vertical
Gro:mh "Pendeo-epitaxy" G;c-w;{rh
<« BH —»
_!\_"‘Lc:de A (iii) Mode B

Pendeo-epitaxy process sequence (i) growth of GaN (ii) etching to form
columns in the <I100> direction, and (iii) lateral growth from the {1120}
sidewalls into and over the wells. In Mode B, growth initially occurs from
the (0001) surface. Shaded areas denote high dislocation density GaN. As
in conventional LEO, dislocations do not extend laterally.

" *
- (0001)
1 GaN

- (1120)

6H-SiC

TEM micrographs of pendeo-epitaxial GaN, showing growth mode A
(above) and B (right). In both cases, the areas of vertical growth
above the GaN post or column show a high dislocation density, while
the pendeo-epitaxial regions show defect-free growth.
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MATERIALS AND EQUIPMENT

American Xtal Technology
to Build Facility in China;
Expand into Ge & GaN Substrates

On January 28 AXT announced that it
is building a new production facility
in China. The company has obtained a
business license for operations in Beijing,
and has purchased a 30,000 square foot
facility in a tax-free industrial park. The
facility is expected to be operational dur-
ing the second quarter of 1999. The new
facility will concentrate on processing Ge
substrates. The company’s VGF crystal
growth operations will continue to be
housed in Fremont, Calif.

“We are pleased to announce the new
facility,” said Morris Young, president and
chief executive officer. “Our goal is to
become the leader in manufacturing galli-
um arsenide, germanium and other com-
pound semiconductor substrates...The
new facility in China will allow us to fur-
ther reduce our costs so that we can be
even more competitive, particularly in
price-sensitive markets,” he said.

AXT also recently announced that it
has entered into a one-year contract with
Spectrolab, Inc., for Ge substrates for
satellite solar cells. The new contract,
scheduled to begin in mid-February,
replaces a rolling three-month contract
previously in place. The amount of the
contract was not been disclosed.

“AXT has demonstrated its ability to
provide the product excellence and relia-
bility required to meet the rigorous stan-
dards of diverse manufacturing and mar-
ket applications.” said David Lillington,
vice president of solid state products for
Spectrolab. “This contract is a result of
AXT’s core competence,” he said.
Spectrolab accounted for more than 10%
of AXT’s total sales in 1998, and AXT has
also recently been qualified at two other
solar cell manufacturers.

While the company sees the Ge busi-
ness as an excellent growth opportunity,
they acknowledge that it is a very price-
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competitive market, with lower gross
margins than the company’s III-V sub-
strate products. The new facility in China
is meant to be a major part of the compa-
ny’s efforts to reduce costs in their Ge
manufacturing operation. Sales of Ge at
AXT in 1998 totaled more than $6 mil-
lion, up from less than $1 million in the
previous year.

III-V Materials
In the fourth quarter of 1998 AXT

made its first sample shipments of

substrates for GaN growth.  These
products are based on HVPE (hydride
vapor phase epitaxy) grown GaN-on-
sapphire, a technology which was
licensed from MIT Lincoln Labs. In the
past AXT had also supported research
work in Poland aimed at producing large
diameter bulk GaN crystals. However,
AXT says that it is no longer pursuing this
technology.

AXT has grown rapidly in the past
few years, increasing from just a few
employees when the company was
founded in the late 1980 to currently
more than 300. AXT’ capacity at its
California facility is equivalent to annual
substrate production of approximately 5
million square inches.

In addition to Ge, AXT currently
sells  semi-insulating and  semi-
conducting GaAs and InP, and 1is
manufacturing GaP substrates for LEDs
in test quantities.

For the quarter ended December 31,
1998, AXT reported revenues of $11.4
million, up 51% from $7.5 million
reported in the fourth quarter of 1997.
Net income was S1.7 million. This
compares with net income of $1.0 million
for the fourth quarter of 1997.

Epigress Success in SiC

pigress AB recently announced

that it has been selected as the
preferred supplier of a new VP508
“Hot-Wall” Silicon Carbide CVD
production system to CEA - LETI,
Grenoble, France. Epigress special-
izes in equipment for epitaxy / crystal
growth of selected compound semi-
conductors such as SiC and SiGe.

According to Thierry Billon,
manager of the SiC group in the
micro technologies department,
“Epigress AB have offered the best
technical and commercial package.
LETI would like to be the French
platform in the SiC field. We are cur-
rently working on every aspect of its
development: bulk growth, epitaxy,
device technology and wafer process-
ing. This will be further reinforced in
the near future. The Epigress SiC
CVD system will be installed in our
facilities in the autumn of 1999.
Alternative SiC is a major new pro-
ject involving universities, research
labs and industrial partners. With the
purchase of this new piece of equip-
ment, the LETI becomes a major
player in this project.”

Dr Lea Di Cioccio, engineer in
charge of SiC material growth in the
microtechnology department said
“We have looked at the different alter-
natives on the market in our hunt for
the best technical and commercial
agreement. Every potential supplier
has been measured and evaluated
against the most stringent and
advanced standards for growing of
high quality, thick and thin layers on
2-inch wafers as well as larger diam-
eter substrates in the future. The
Epigress VP508 system for the LETI
will be configured and designed as a
production unit. It will include two
separate reactors. The Epigress
VP508 performance is guaranteed
and will be validated on site as part of
a technology transfer agreement
between Epigress AB and LETL”
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Siemens Orders Trikon
PVD Cluster Tool for
6" GaAs Processing

rikon Technologies (Newport. Wales)

has announced receipt of an order
from Siemens Semiconductor Group of 2
Sigma PVD cluster tool for installation at
Europe’s first 6" GaAs line in Munich,
Germany. Siemens will manufacture
MESFET and HEMT devices at the new
facility. The Sigma system will be used
for advanced processing of SiN, tungsten
and tungsten silicide layers.

“We needed a high grade, low stress
silicon nitride layer for capacitor forma-
tion and Trikon's pulsed DC PVD process
produced results superior to all other low
temperature processes compatible with
GaAs.” said Dr. Otto Berger, Manager
GaAs Fab and Technology Development
at Siemens Semiconductors. “GaAs pro-
cessing presents a set of additional stress,
handling and temperature constraints
making them far more difficult to process
than silicon...PVD processes have the
advantage of offering higher quality pro-
cesses at lower temperatures than CVD
alternatives.”

“Siemens Semiconductors also need-
ed the PVD system to provide excellent
tungsten silicide and tungsten barriers.
Trikon’s Hi-Fill provides high quality bar-
riers without a collimator resulting in
lower particle levels, lower operating
costs and ease of maintenance,” said Paul
Rich, Metalization Process Manager at
Trikon.

Trikon reports that it has seen a large
increase in GaAs activity mainly driven
by increasing interest in 6" GaAs and the
company currently working with several
potential customers on solutions for
advanced metalization, CVD and etch.

Kopin Expands

Kgpin Corporation is in the process of
oubling its manufacturing capacity
for its GaAs HBT epiwafers, its second
major expansion in two years.

“Customer demand for our GaAs
HBT device wafers continues to grow,”
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Company Briefs

said Dr. John C. C. Fan, Kopin’s president
and chief executive officer. “This
increased demand is due in part to an
overall shift in the GaAs integrated circuit
market to HBT based solutions from
more traditional technologies, as these
high performance HBT circuits eliminate
the need for many of the support circuits
required by other technologies, thereby
providing a simpler, lower cost solution.
We believe the addition of this new capac-
ity, coupled with our materials technolo-
gy. will enable us to continue to lead the
rapidly growing market for GaAs HBT
device wafers.”

Kopin reports that it recently ordered
multiple MOVPE reactors from Aixtron
as well as additional wafer processing and
characterization equipment, to expand its
device wafer production capacity.
Delivery and installation of the produc-
tion systems will be in 1999 and 2000.

Hitachi Cable Unveils New
6" Wafer Production Line

Hitachi Cable recently announced that
it has developed a state-of-the-art
production line for 6"/150mm GaAs
wafers grown by LEC. Production capac-
ity is up to 15,000 wafers monthly. The
company says that the production line
includes what they describe as the largest
crystal puller in the world, which can be
loaded with up to 50kg of GaAs raw
material in a 16 inch dia. PBN crucible. It
can produce boules up to 350mm long. A
furnace system for a three-step boule
annealing process under arsenic atmo-
sphere has also been developed.

Hitachi Cable

Also included in the new production
line are fully-automated wafer processing
machines (saws, grinders, polishers, etc.)
and a fully equipped inspection area.

According to the company, *150mm
wafers produced by the new system have
proven to be comparable to our commer-
cial 100mm wafers in basic electrical
properties, uniformity, and in surface
quality.”

QED Announces Two
Promotions
uantum Epitaxial Designs (QED) has

promoted Dr. Keith Evans to Vice
President of operations responsible for

directing the Manufacturing and
Engineering Departments. “Keith has

done an exceptional job since joining
QED”, stated Thomas L. Hierl. QED
President and CEO, “QED has leveraged
Keith's talents and experiences to enter
new markets and to develop new products
towards supporting QED long-term
growth and to enhance our current prod-
uct offering.”

QED also recently announced the
promotion of Scott Massie to Chief
Operating Officer (COO).

In other recent news. QED was
named in Deloitte & Touche's prestigious
“Fast 50" Program for Eastern
Pennsylvania, a ranking of the 50 fastest
growing technology companies in the
region. Rankings are based on the per-
centage of growth in revenues for the five
year period of 1993 through 1997.

Astex Acquires PlasmaQuest

pplied Science and Technology, Inc.

(Astex), has acquired PlasmaQuest, a
privately-held manufacturer of ECR sys-
tems for R&D scale applications.
PlasmaQuest revenues in 1998 were
approximately $3.7 million. The compa-
ny reports that PlasmaQuest has devel-
oped a number of advanced processes for
semiconductor manufacturing, and Astex
has begun licensing discussions with sev-
eral major OEMs for PlasmaQuest tech-
nology.



NEWS FROM JAPA

Slight Drop in

Compound Semiconductor
Water Shipments in Japan

fter posting excellent growth in
fiscal year 1997, sales of com-

pound semiconductor wafers
dipped 3% in the first half of fiscal year
1998, according to statistics recently
released by the Japan Manufacturers’
Society of Compound Semiconductor
Materials (JAMS-CS). For the six
months ended August, 1998, shipments
of GaAs, GaP, InP & other compound
semiconductor wafers from JAMS-CS
members totaled ¥22,929 million (US
$190.4 million), compared to ¥23,533
million (US $195.4 million) for the pre-
vious six months.
The decrease was due almost entire-

ly to a 24% reduction in shipments of

GaP wafers, which are used to manufac-
ture LEDs. A JAMS-CS spokesperson
said that demand was soft because of the
continuing economic slump in Asia,
which was hurting sales of consumer
goods.

On the other hand, shipments of

GaAs wafers were up 12% over the pre-
vious six months. This was attributed to
continued strong demand for mobile
phones, as well as IR and visible laser
diodes and some types of LEDs. GaAs
accounts for roughly 60% of the total
shipments by JAMS-CS members.

Shipments of InP wafers were
unchanged from the previous period.
60% of the compound semiconductor
wafers produced in Japan were con-
sumed domestically, and the total value
of domestic shipments rose 4%. But the
value of export shipments dropped 12%.
This is largely due to the fact that much
of the GaP pmdmlmn is exported to
LED manufacturers in Taiwan and other
Asian countries outside of Japan.

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

Total Shipments, 1990-1998*
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JAMS-CS statistics for the first six
months of fiscal year 1998, ended
March, 1998. Top: the total value of
shipments of compound semiconduc-
tor wafers by the JAMS-CS members
declined 3% for the period, following
Jfour consecutive periods of strong
growth dating back to the first half of
fiscal year 1996. Middle: GaAs (both
semi-insulating and semi-conduct-
ing) wafers comprised the majority of
shipments. Bottom: While domestic
consumption  remained  steady,
exports of compound semiconductor
wafers fell, due largely to the fall off
in GaP shipments to off-shore LED
manufacturers.
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NEWS FROM JAPAN

Laser News

Matsushita Develops
100 mW Laser For High Speed
CD Writing

atsushita Electronics has developed a 100 mW laser

which can be used to write data in optical and mag-
neto-optical disk drives. For applications such as CD-R and
CD-RW (CD-recordable and CD-rewritable; see page 14).
a high laser output power is required to write data marks
onto the recording layer. At present, CD-RW drives use a
laser with a maximum output power of 50-60 mW:; as with
all CD-based technologies, these are AlGaAs lasers operat-
ing at around 780 nm. Higher output powers are desired
because they enable faster recording speeds. However.
commercially available lasers are limited to about 80 mW
due to the problem of heat dissipation.

A two-dimensional simulator, developed in collabora-
tion with Stanford University, takes into account the inter-
action between the carriers and the photons as well as their
spatial expanse. This enabled a low power consumption
design and solved the heat dissipation problem which was
the largest hindrance to commercialization, achieving the
industry’s first 100 mW high performance laser for optical
disk drives.

The device contains an AlGaAs current blocking layer
instead of GaAs, which almost completely eliminates opti-
cal losses. The laser operates at a wavelength of 785nm and
has a threshold current of 25mA. The mean time to failure
(MTTF) of the device was over 10,000 hours for 100 mW
pulses at a temperature of 65°C. Matsushita is currently
sampling devices (priced at $22 each), and will begin man-
ufacture of tens of thousands of units per month starting in
spring 1999.

Matsushita
Electric has
become the latest
member of the
blue laser club.
The company says
its InGaN/GaN
MOW device,
shown here,
operates at 400nm
and can achieve a
converging spot of
440nm which is
regarded as the
diffraction limit, a
theoretical limit.
For more
information, see
page 12.

Panasonic
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Soliton Source Developed at NEC

esearchers at NEC have developed a semiconductor laser capable

f generating ultra-short pulses of six picoseconds, known g

optical solitons. It is of potential interest for use as a light source for

high bandwidth optical communication systems. The laser accurate-

ly generates pulses at 10GHz, a synchronous digital hierarchy (SDH)
frequency.

NEC says the laser is about 1/10 the size of conventional mono-
lithic external resonance semiconductor lasers. It integrates into a
single device a nonlinear saturable absorption area for enabling ultra-
short pulse generation, an absorption optical modulation area for sta-
bilizing optical pulses, a distributed feedback reflection area for con-
trolling wavelengths, and a semiconductor quantum well gain area for
amplifying 1.55-micron beams. A module with the semiconductor
laser measures 2x5x1.5¢m and can send signals at 10Gbps via optical
solitons with a pulse width of six picoseconds over a distance of
100km. NEC says
that, combined with
optical time divi-
sion multiplexing,
the device will be
able to transmit
data at 100Gbps per
wavelength, possi-
bly paving the way
for the develop-
ment of a terabit-
per-second optical
communication
system.

Photograph of NEC's soliton laser.

Long-Haul Laser from Mitsubishi Electric

Mitsubishi Electric recently announced sample shipments of
new optical fiber communications semiconductor laser which
enables data transmission at 2.5Gbps over a distance of 700km. It
requires an amp relay every 100km and integrates on a single chip an
electro absorption semiconductor modulator, which uses changes in
optical absorption rates for modulation, and a distributed feedback
laser. which excels in single-wavelength operations. Capable of sup-
porting WDM communications, the semiconductor laser is sample-
priced at 200,000 yen ($1,709). Mitsubishi will launch production at
1,000 units per month from April 1999.

Low Cost Module from NTT

TT reports that it has developed a low-cost optical transmission

circuit module, an essential device for substantially reducing the
cost of optical network units (ONUs) for use in the fiber-to-the-home
(FTTH) network that the company plans to deploy by 2010. The mod-
ule can transmit light to a fiber without using a lens. Its Y-shaped
optical waveguide guides light to transmission and receiving photo
diodes. NTT claims that the new module helps slash production costs
to about 1/4 those of producing conventional modules used for opti-
cal communications between telephone exchanges.



NEWS FROM JAPAN

Microelectronics News

More GaAs from NEC, plus SiGe
Development Effort

EC says it plans to put more emphasis on GaAs ICs

for wireless handsets. The company recently
announced its intention to boost cellular phone compound
semiconductor sales from an estimated 15 billion yen
($128.2 mil) in 1998 to 25 billion yen ($213.7 mil) in
2002. In order to make the plan a reality, the company,
which currently makes Japan-standard PDC cellular sys-
tems, will develop GSM and next-generation wideband
CDMA systems. NEC already manufactures GaAs
switches for handsets, as well as discrete FETs for LNAs,
especially in CDMA phones where dynamic range is a
critical issue.

Under the new plan, the company will be introducing
“heterojunction FET™ or HEMT-based PAs. The company
says it will produce 500,000 power amps and 200.000
switches per month from spring 1999

NEC also recently announced that it has installed a
silicon RF device pilot production line at its subsidiary
NEC Yamagata. The line can process 10,000 five-inch
wafers per month. Built at a cost of 5 billion yen ($43.5
mil), the line will be used to develop bipolar, BiICMOS
and SiGe RF devices.

The company says that it needs to have both com-
pound semiconductors and SiGe products in its RF device
lineup to respond to diversified user needs.

And in news from the R&D area, NEC reports that it
has developed a high-output GaAs field plate ficld effect
transistor (FP-FET) capable of boosting cellular phone
base station output two- to threefold to 200-300W. The
FP-FET structure enables the same level of voltage as that
applied to the gate to be applied to a field plate electrode
placed between the drain and the gate. When the FET is
turned off, there is excess negative charges around the FP
electrode, strengthening resistance between the gate and
the drain. When the FET is turned on, positive voltage is
applied to the FP electrode, allowing more current to flow.
The company plans to commercialize the high-output FET
later this year.

Anritsu to Produce MMICs

nritsu Corporation says that it plans to launch its own

MMIC product line. The company, which already
offers discrete analog devices, plans to invest 1 billion yen
($8.6 mil) to construct a dedicated MMIC production
facility in fiscal 1999 and launch commercial production
in summer 2000.

Anritsu says its primary focus will be millimeter
wave MMICs for use in ITS (intelligent transportation
system) transceivers. The company will also use the
MMICs in its own measuring instruments.
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TECHNOLOGY UPDATE

High Power Laser Diodes

Laser diodes with powers exceeding 1 W are opening
up new applications in industry and medicine

RICHARD DIXON

he current market for diode lasers
| is worth around $2.15 billion, a
large section of which is accounted
for by applications in optical storage and
telecommunications. However, new
opportunities and applications are contin-
ually emerging for laser diodes, especial-
ly those areas needing lasers with output
powers in excess of about 1 Watt, accord-
ing to Steve Eglash. VP of Sales and
Marketing at SDL. “High power diode
lasers are enabling new applications
which are growing at the expense of other
laser technologies,” says Eglash. “Also,
these opportunities are increasing as
improvements in diode technology open
up new markets.”

High power lasers are now in demand
for applications as seemingly diverse as
printing, materials processing and
medicine. In addition, solid state lasers. a
fundamentally different type of laser
which can also be used in some of the
above applications, are dependent on
optical pumping by diode lasers. The total
market for high power lasers is currently
in the region of $130-150 million.
Manufacturers include Coherent. High
Power Devices, Mitsui Chemical, Opto
Power, Polaroid, SDL, Siemens, SLI and
Thomson-CSF.

Figure 1. High power diode laser bars
can be mounted onto a copper heat sink
containing channels for active water
cooling.
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Coherent

Laser Bars and Arrays

The simplest type of high power
laser is a single broad area device with a
stripe width in the order of 100 um. As an
example, Polaroid sells 808 nm AlGaAs
lasers with 100 um stripe widths, and an
output power of 2 W. High power devices
are multi-mode, because of the width of
the stripe required to achieve reliable high
power operation. Traditional narrow-
stripe, single-mode lasers such as those
used to pump erbium-doped fiber ampli-
fiers at 980 nm, are limited in power to
around 200-400 mW. This discussion
does not cover EDFA pump lasers.

Several broad stripe lasers, with typ-
ical cavity lengths of 500 um, can be fab-
ricated side by side, separated by high
index spacers. The resulting laser bar can
be around 10 mm in length and contain up
to 100 devices. By stacking these mono-

i

Figure 2. Laser diode bars can be
stacked together with a variety of heat
sink configurations to form extremely
high power modules. Opto Power’s
Monsoon modules are water-cooled
mini-channel platforms that can be
stacked to obtain power densities in
excess of 500 W/em?, These modules are
available with power levels up to 3 kW
over the wavelength range 790-980 nm.

lithic bars either vertically or horizontally,
much higher powers are available, with
commercial stacks delivering thousands
of W in CW mode.

Siemens Microelectronics recently
announced monolithic 10 mm bars made
from MOCVD-grown quantum well
structures based on strained layer
InGaAlAs/GaAs materials. Laser product
marketing manager Sal Algeri says, “We
supply 808 nm and 940 nm diodes and
can stack 40 W CW or 100 W quasi-CW
diode bars to customer requirements. We |
have already demonstrated our actively
cooled stacks producing 6 kW CW with
bars operating at SOW.”

Keeping Cool

Operating at these high output pow-|
ers generates a lot of heat. For single
stripe lasers with average outputs of up to}
a few watts, simple convection cooling by|
direct mounting on a copper block may!
suffice. Open heat sink packages that help
dissipate heat from linear bar arrays are
also a popular solution, or alternatively
active cooling may be required (se¢
Figure 1).

For larger arrays, Opto Power Corp
is using two generic approaches for it
stacked or multibar module arrays (Figur
2). In stacked arrays, the diode bars an
bonded directly to a copper constructior
This is several millimeters thick, and cor
tains channels which carry the coolin
water within tens of microns of the ba
These are then stacked into a manifol
arrangement.

In the second approach, laser diods
are stacked with spacers that carry
heat away to a back plane. “In this set
you get higher packing densities, M
lower average powers.” says John Traj
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Opto Power’s CEO. “The first method
allows very high output powers due to the
aggressive water cooling.”

Coupling the Power

For a more flexible delivery system,
single emitters and linear arrays can be
coupled to fibers. The lasers are some-
times sold as integrated units, with the
laser manufacturers also offering the
required power supplies, coolers and
delivery optics (see figure 3).

If high power and diffraction-limited
beam qualities are important, another
option is the fiber laser. Typically, a high-
reliability 808 nm or 920 nm diode is
used to pump a rare earth-doped double
clad fiber. This type of fiber can absorb
high multimode power levels (unlike
EDFAs. in which the pump has to be sin-
gle-mode, limiting the power). The fiber
acts as a single mode cavity resonator,
allowing very high quality diffraction-
limited output. Commercial fiber lasers
currently operate up to 20W at a wave-
length around | pm. (see figure 4).

APPLICATION AREAS

Pumps for Solid State Lasers

The major application for high power
laser diodes is to provide optical pumping
for the crystal inside a diode-pumped
solid state laser (DPSSL). These devices
operate in the 1-5 kW power output range

in pulsed mode or provide hundreds of

watts of CW, long-life output. The esti-
mated market for diode pumps is around
$53 million at present. Depending on the
required output power. DPSSLs can be
pumped by single diodes, fiber-coupled
arrays. or 2D arrays for large industrial
machining lasers. The most common
wavelengths for the diode pump are 808
nm for pumping Nd:YAG and 940 nm for
pumping Yb: YAG.

The choice of DPSSLs or
diode sources is determined by the appli-
cation. According to John Tracy, diodes
cannot deliver both high peak powers and
very small spot sizes. “If you need a 2 um
spot, you can’t do that with a diode laser
operating in multimode and get much
power out.”” he says. “If the high peak
power and high brightness of a DPSSL

direct

isn’t important, you are better off using a
diode. If you need either one of those two
things then use a DPSSL.”

Reprographics

Another emerging market (currently
valued at $25 million) is the printing
industry. “Printing processes which use
conventional silver halide technology
produce large amounts of waste and are
not environmentally friendly,” says SDLs
Steve Eglash. “Increasingly, this technol-
ogy 1s being replaced with low sensitivity,
minimally-processed thermal film that
requires lasers for its imaging.”

For plate setting, polymer films are
typically ablated with an array of | W IR
lasers. The main drivers are price per
Watt-hour, performance and reliability.
Sophisticated optics or fiber coupling
schemes are used to transmit the radiation
to the plate. SDL supplies a system that
couples 0.6 W CW power at 830 nm into
a 100 pm diameter fiber (Figure 5).
Eglash says the fiber enables small spots
sizes and low divergence, facilitating long
working distance and a greater depth of
focus from a convenient source. This
translates into higher image resolution
across the entire field of view, and results
in relaxed optical and mechanical system
tolerances.

Materials Processing

Currently, the materials processing
market is dominated by CO5 and excimer
lasers, along with lamp-pumped solid
state devices. However, the diode laser
industry is reaching a point where prices
are low enough to enable volume markets
to compete in direct thermal applications.
The expected market size in 1999 is
around $40 million. *The materials pro-
cessing markets will eventually be the
biggest markets for high power diodes,”
says John Tracy, “as well as being those
requiring the lowest dollar per watt hour.”

In the range of a few watts to several
hundred watts of CW power, direct diodes
can replace traditional sources for micro-
heat treating and micro-welding, and
compete with more expensive Nd:YAG
lasers. For example, butt-welding of 8
mm stock steel can be achieved using a
laser diode with a 500 um spot size, con-

Opto Fower Corporation

Figure 3. Opto Power’s newest fiber-

coupled diode laser has an output of
70 W at 915 nm when coupled into a sin-
gle, 0.6 mm diameter, 0.22 NA fiber. The
system is designed for direct thermal
applications in materials processing
(welding, soldering, heat ftreating etc)
and medicine.

SDL

Figure 4. The FLMI fiber laser mark-
ing system from SDL has a power output
of 9 W at a wavelength of 1.1 pum. It can
be used for non-intrusive marking of
very thin packaging layers such as semi-
conductor molding compounds, as well
as lead frames, wafers, and ceramic sub-
strates and packages.

SDL

Figure 5. Fiber coupled laser diodes and
newly developed plates allow printers to
go directly from computer-to-plate or
image plates directly on the press. The
result is significant savings in time and
the expense of converting digital files to
film. The photo shows an array of fiber-
coupled lasers (devices are circular) for
digital printing applications
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siderably reducing material phase
changes caused by heat affected zones.

Micro-machining, polymer bonding,
cutting, micro-positioning and sintering
all benefit from high power laser diodes.
Metal/ceramic sintering with laser diodes
enables rapid production of intricate,
close tolerance parts as an alternative to
current prototyping techniques that use
wax and plastics.

For non-contact soldering applica-
tions that typically require outputs of
around 15-20W, the ability to supply a
very small spot of localized and con-
trolled heat limits damage that occurs
with hot air guns and other methods.
Siemens, for example, uses its own fiber-
coupled diode lasers to solder optoelec-
tronic chips at its fabrication facility in
Germany.

Similarly, epoxy curing can be per-
formed with a few W concentrated onto a
5 mm-sized spot. The beam can be further
line-shaped with microlenses and macro-

Figure 6. (Top) Cross-section view of an
IC lead joined to a solder pad. The 10W
fiber-coupled laser produced a spot size
of 0.8mm to solder a homogeneous joint
with no inclusions or cracks. (Bottom)
Laser diode array used for surface hard-
ening. Eight individual packages each
employ 12 diode laser arrays to give a
total output of 200W and power density
of 160W/em?. Unacceptable variations in
the intensity distribution due to 2mm
gaps in the mounted stacks are compen-
sated for by a beam guide that shifis the
radiation optically together.

optics to accentuate its linear character.
The resulting rectangular focal spot can
be | mm in height and of variable width.
Researchers at the Fraunhofer Institute in
Michigan have used the technique to sol-
der a line of leads for surface mounted
devices in one pulse, considerably reduc-
ing soldering time (see figure 6).

For output powers in the kW range.
DPSSLs enable heavy industrial welding.
By harnessing these high peak powers
and power densities, pulsed diodes lasers
harden surfaces with beam shaping tech-
niques. More than 105 W cm-2 can be
focused for abrading and milling of sur-
faces.

Medicine

In the medical area, examples of
direct thermal devices are evolving in hair
removal, (which typically requires 20 ms
pulses of 5 W power) and for cutting and
burning in laser surgery. In the field of
ophthalmology, lasers can tap a potential-
ly large market for the cure for glaucoma,
the number one cause of blindness in the
world today.

Endoscopic delivery is becoming
more prevalent as brighter sources reach
the market. For wavelength specific
lasers, which take advantage of the nar-
row linewidth, photodynamic therapy
(PDT) is another promising field for can-
cer treatment. A number of different
chemicals can be photosensitized in the
630-770 nm wavelength range. For exam-
ple, a photoreactive dye called lutecium
texaphyrin accumulates in cancerous tis-
sue. The dye can be selectively targeted
with 730 nm radiation, releasing oxidiz-
ing agents that kill cancer cells and leave
healthy tissue unharmed.

Meanwhile, diode lasers are also
pumping energy into a new procedure for
magnetic resonance imaging (MRI)
which uses gas instead of water to form
the MRI image. Developed by Princeton
University and the State University of
New York, gas MRI is throwing light on
lung diseases that have been difficult or
impossible to diagnose with conventional
proton MRI (Figure 7).

Under normal circumstances, lungs
are filled with air and not water, and
therefore lack the quantity of hydrogen
atoms to produce a resolute image using
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Figure 7. Gas magnetic resonance
image of lungs obtained using compact,
high efficiency 20 W laser diode sources.

conventional proton MRI, which looks at
water in the body. Laser diodes operating
at 795 nm are used to orient the spins of
Nobel gases, usually 129Xe or *He, which
can then be inhaled and used as the source
signal. “The exciting thing about the new
technique is that you produce about
100,000 to a million times more signal
per atom than you do with conventional
MRI,” says Princeton’s Gordon Cates.
These signal gains far outweigh loss-
es due to the lower density of molecules
in the gas phase. “As a result, we've been
able to make images of lungs with the
highest ever resolution,” says Cates. “In
addition, sufficient signal for imaging
purposes is generated when the gas is
inhaled for less than ten seconds, which
aids those suffering from acute respirato-
ry diseases.” Current gas MRI systems
replace the older, far more expensive
Ti:Sapphire lasers, says Cates.

DEVICE DESIGN
The Al-Free Debate

An ongoing debate in HPLD device
design relates to the merits of Al-free
devices. These are based on the
InGaAsP/InGaP material system, rather
than on more conventional AlGaAs/
InGaAs materials.

Proponents of the Al-free approach
claim that it enables higher reliability
high power devices because it eliminates
the problem of oxidization of Al-
containing epitaxial layers (CS 3(2), p16).
Uncoated Al-free devices are claimed to
have a higher catastrophic optical mirror
damage (COMD) limit, which is the usual
limiting factor for maximum CW
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operating power.

Some of the best results for single
devices have been achieved with Al-free
material. For example, the University of
Wisconsin recently reported an 805 nm
device with a CW output power of 8.8 W
[see CS 4(6), p.41]. This device had an
Al-free active region containing InGaAsP
QWs and InGaP waveguides. However, in
order to ensure sufficient bandgap dis-
continuity to prevent severe carrier leak-
age, Al is used in the cladding layer. The
same approach is used by Coherent
Semiconductor Group. “Coherent uses
aluminum-free active areas for all our
high power diodes.” says Merrill Apter,
Director of Sales and Marketing director
at Coherent. “We call it our triple-A mate-
rial. However, we are using a small
amount of aluminum in the cladding lay-
ers.” Coherent grows its laser device
structures by MBE, unlike most other
high power laser diode manufacturers,
who use MOVPE-grown material.

Manufacturers of the Al-based struc-
tures believe the problem may be over-
stated, and addressable in the process and
packaging stage. While uncoated Al-free
devices have higher COMD limits and
longer lifetimes than devices containing
Al, commercial laser diodes all have facet
coatings to protect the device and direct
the optical power out of the front facet.
Polaroid has aged twenty four I W,
100 pm aperture, AlGaAs/GaAs 808 nm
laser diodes for over 5.000 hours without
measurable degradation.

According to Siemens, one of the key
features of achieving high reliability
AlGa(In)As/GaAs devices is the mini-
mization of oxygen incorporation during
epitaxial growth (by using high quality
MOVPE precursors) and also during the
mirror coating process. At the 1999
Photonics West meeting, Siemens report-
ed high reliability 40 W CW InGaAlAs/
GaAs laser bars operating at 808nm. No
sudden failures occurred, and no signifi-
cant degradation was observed over 5,000
hours.

730 nm AlGaAs Lasers for PDT

Polaroid has developed an AlGaAs-
based, 730 nm laser diode for photody-
namic therapy (PDT) applications which
demonstrates unprecedented reliability.

The device exhibits a room temperature |
lifetime of 1000 hours of CW operation af
I W, and has a 500 um cavity length and
100 pm emission aperture. The MOCVD-
grown structure contains three 404
AlGaAs quantum wells with 100A barris
ers. Thick Alj 45Gag ssAs confining layers
(3000 A) are used and optical confine-
ment is attained with 0.75 pm thick
Al 75Gag >sAs layers to form a broadened
waveguide.

Dr. Edward Clausen, New Products}
Manager for Laser Diode Manufacturing
at Polaroid, says the result is contrary o}
the belief that such performance could
not be achieved with this material system:
“What makes this possible are develop:
ments in epitaxial growth and a well cons
trolled manufacturing process,” says
Clausen. The target reliability for PDR§
applications is 2000-5000 hours. *“These}
systems are used only for short periods in
CW mode, in the second to minute range)
which would translate into years of field
use.

Decoupled Confinement
Heterostructures

Mitsui Chemical has developed 2
series of decoupled confinement het
erostructure (DCH) lasers, designed
realize high power and high reliability
with reduced Al composition. Injected
carriers are confined by carrier blocking
layers whose band gap is wide enough tol
stop carrier floods, and whose width
thin enough to influence the optical
mode. In addition, the mode is controlled
by the structure formed outside. As the
carrier confinement and optical mode
confinement are completely decoupled
Mitsui state that the ideal gaussian modg
profile is achieved. At the same timt‘.._
reduction in the Al content and epitaxial
thickness reduces the resistance and
improves process stability up to 4.000
hours for devices operating at 1W a
50°C. A maximum CW output of 4.6 W
was obtained from a 50 um aperture 805
nm DCH laser diode.

Many new applications are being
found for diode lasers as their power and
reliability constantly improve, and the
future market for this catogory of device
could be very large indeed.
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Probing Compound Semiconductors

RICHARD DIXON

canning probe microscopy (SPM)

has become a vital metrology tool

for measuring fundamental material
properties. for defect analysis and in pro-
cess control in the semiconductor indus-
try. The SPM measures surface features
whose dimensions are in the range from
interatomic spacing to a tenth of a mil-
limeter. It gains information in 3D to frac-
tions of Angstrom resolution with little or
no sample preparation. is non-destructive
in many cases, and can measure in ambi-
ent, liquids and vacuum.

The first SPM was the scanning tun-
neling microscope (STM). introduced in
1982. STMs rely on a sharpened conduct-
ing tip with a bias voltage applied
between the tip and sample. When
brought to within about 10A of the sam-
ple surface., electrons begin to tunnel
through the 10A gap into the tip or vice
versa. depending on the sign of the bias
voltage. The resulting tunneling current
varies with tip-to-sample spacing, and it
is this signal that is used to create the
STM image. For tunneling to occur, both

-

Laser |

Silicon Cantilever

Photo- with Integral Tip

detector

‘ Sample

Figure 1. In the AFM Tapping Uode
developed by Digital Instruments
VEECO Metrology Group, the cantilever
and tip are oscillated near the resonant
frequency. In the correct proximity to the
sample surface it intermittently contacts
or ‘taps’. The resulting oscillation ampli-
tude scales in direct proportion with
sample to tip distance. A laser/photode-
tector maintains the average tip separa-
tion as it traverses the sample
topography.
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Digital Instruments

sample and tip must be either semicon-
ducting or conducting, ruling out the
analysis of insulating materials.

The Atomic Force Microscope
(AFM) overcomes this. AFM uses a very
sharp tip at the end of a long cantilever to
maintain a constant force (known as ‘con-
tact” mode) and ‘slide’ across the surface
at the resolution of the tip. The low spring
constant (IN/m) is in the range of inter-
atomic forces (10 N), hence “atomic
force™. There is now no requirement to
draw current between the tip and the sam-

ple. considerably extending the range of

materials that can be investigated.

In addition, a version of AFM called
TappingMode (Figure 1) can overcome
problems experienced in contact mode
due to sticking and polishing of the sur-
face by the tip. In this technique, the tip is
oscillated at several hundred kHz and
retains contact by intermittently ‘tapping’
the to surface. avoiding destructive fric-
tional forces. Many other useful varia-
tions of SPM have since
emerged that can measure
magnetic, mechanical (hard-
ness and wear), thermal and
electrical properties.

Scanning Capacitance
Microscopy

The unique ability to
measure carrier concentra-
tion profiles with the new
Scanning Capacitance
Microscopy (SCM) is very
exciting. Techniques such as
SIMS (Secondary Ion Mass
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sion. SCM can show carrier concentration
profiles in two dimensions in real device
and - through its simultaneous acquisitiof
of AFM images - the relationship of thes
profiles to critical device structures.

In SCM, a low frequency (5-100
kHz) ac field applied between the metal
lized tip and the semiconductor causes the}
free carriers to be alternately attracted

ultra hlvh trs.quLm\ resonant Lapautan e
Small changes in resonant fré
quency create enormous changes in the
resonance sensor output signal.

The SCM image in Figure 2a shows
an InP/GalnAsP buried heterostructure)
The laser active region is in the center gf
the image. Figure 2b maps carrier distri
butions and concentrations obtained from
the SCM results. AFM operating in con
tact mode is used to scan the tip across thé
surface without specimen preparatio
Digital Instruments’ Dr. '
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InP/InGaAsP Buried
Heterostructure Laser

centration information with

very high accuracy and res-
olution in only one dimen-

Figure 2. a) SCM image and b) carrier concentration
map of InP/GalnAsP buried hetero-structure lasé
[Image courtesy Dr. R. Tench and Dr. A. Erickson
Digital Instruments VEECO Metrology Group].
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Figure 3. 2.5 : X2.9 m imag f GaN

film on sapphire obtained with SCM and
AFM images superimposed [From Appl.

Phys. Lett., 1998, 72(18), p.2247].

Tench. “For that image the sample prepa-
ration was the same as for producing the

laser, which was by done by cleaving™.

Having no free carriers, the semi-
insulating iron-doped InP layer in Figure
2a produces no SCM signal (dark con-
trast). Where it contacts the n-doped lay-
ers, strong band bending from the large
built-in field results in a strong contrast in
the SCM signal (bright areas). In order to
obtain similar details with a transmission
electron microscope (TEM), says Tench,
the sample preparation would take many

hours and provide none of the electrical

information.

Sometimes, though,

additional

preparation may be required. “Compound

semiconductors are generally more diffi-
cult to work with because the oxide, or the

surface condition, is a combination of

tilayer showing Sh (red) and As (blue).
[Recorded by W. Barvosa-Carter, B.
Bennett and L. Whitman].

32 Compound Semiconductor March 1999

Fi igure 4. STM image of GaSbh/InAs mul-
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states that may not be appropriate for
AFM imaging in contact mode,” says
Robert Tench. “What we try to do on all
compound semiconductors is to coat
them with a thin layer of oxide before
imaging.” The reason, he explains, lies in
the junction between the tip and sample,
which, like any capacitor, requires that a
good insulator is present.

The polarity of compound semicon-
ductors may also be a factor. “Particularly
for GaAs materials, Ga metal can be on
the cleaved face after preparation, which
is conductive. In this case we don’t have
the capacitance junction we need to mea-
sure carriers.” The oxides in these sys-
tems may also be soft, he adds. “In the
contact mode used for SCM imaging, a
thin oxide can be ploughed by the tip as it
maps the surface, and this is why a hard-
er oxide coating can really help [prevent
artifacts].”

Nitride Materials

The [l-nitride-based materials lend
themselves well to the SCM technique,
and Professor Jim Speck and co-workers
from the University of California Santa
Barbara have obtained images of GaN
films grown on sapphire with minimal
specimen preparation. “The big advan-
tage is that GaN does not have a native
oxide.” says Speck. “Using the SCM tech-
nique in air we can see the half unit cell
height steps at the surface, and where the
steps end abruptly at a surface it has to
end at a dislocation.”

The  topographic  information
acquired in AFM has been superimposed
on the capacitance signal to form a corre-
lation with electrical data (Figure 3). In
the image, regions of light contrast repre-
sent areas that displayed a smaller change
in measured capacitance with applied
voltage relative to adjacent areas. These
are correlated with the pits (dark spots)
that are associated with termination of the
dislocations at the surface.

Also. these reduced capacitance
regions tended to lie along boundaries
consisting of dislocations that have
formed during coalescence of grain
boundaries in island growth.

According to Jim Speck this direct
correlation and 2D profile of the carrier
concentration could not be obtained with

other techniques, including secondary jon
mass spectrometry (SIMS). “With SIMS,
you don’t get the nanoscale electricil
properties. And with other technic
such as TEM, you get chemical data and
some information on the nanoscale, on
bonding, for example, using a comb’in‘a;a
tion of imaging and EELS [electron ener
gy loss spectroscopy]. It is one of the fey
measurements where we can obtaip
extraordinarily high resolution structurl'
information concurrently with the electri-
cal properties of materials.”

Scanning Tunneling Microscopy

Finally, figure 4 shows the color
enhanced image of a multilayer system
comprising alternating GaSb (12 mone-
layers) and InAs (14 monolayers)
obtained by STM. “What the STM tecls
nique reveals are details of the chemical
identity through the electronic structurg,
in this case from the difference il
bandgaps.” says Dr. Lloyd Whitman of
the US Naval Research Laboratory
(Washington, DC). 1|

“The image describes the topography
of the Sb (red) and As (blue) atoms.” The
atoms in the rows are just 4.3 A apart anél_
differ in height by only 0.5 A in the twd
compounds. The STM probes the two eles
ments that are exposed on the cleaved
structure, he says. “The information i
purely chemical.” It is possible to se
details of intermixing of the two clements
in the growth, which takes place from top
left to bottom right. “A similar structuf
image could have been obtained in high
resolution TEM., but this method averages
over many columns of atoms and the
chemical information is lost, = Sayy
Whitman.

Scanning probe microscopy clearly
brings a level of information not found it
other techniques. The ease of preparation
in many cases, range of properties thail
can now be probed. and level of spatid
resolution, including the third (or height)
dimension, is unparalleled. The recen
introduction of the scanning capacitapoz_é
technique brings all-important electrical
information to compound semiconduc:
tors, and will continue to be invaluable for
probing and correlating defects at both
the fundamental level and in the process
laboratory.
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6" GaAs Gains Ground

Raytheon joins Vitesse, Anadigics and Siemens by
announcing plans for a 6" fab, says scaling up
is key to being competitive in the next decade.

MARIE MEYER

itesse Semiconductor ushered in a
‘ / new era in the history of the com-
pound semiconductor industry a
year ago when it began shipping devices
from the first 6" GaAs fab in March,
1998. As we reported in our last issue,
they will soon by joined by Anadigics and
Siemens, who both have 6" GaAs fabs
under construction. And on March 2, at
the Compound Semiconductor Outlook
Conference in San Diego, Raytheon
announced they would also be building a
6" line, scheduled to be operational in the
second half of 2000. Jim DiLorenzo, who
heads Raytheon Microelectronics, told
the audience “If you are going to be a
player, we believe unequivocally that
you've got to have a 6" fab.”

Passing the First Test

Vitesse's experiences at their new fab
in Colorado Springs, CO, will undoubted-
ly offer encouragement to anyone who is
thinking about scaling up. “Things con-

tinue to go much better than we could
have expected.” says Bob Cutter, General
Manager of the new facility. Though it
has only been open for twelve months,
and in full operation for less than six, the
new fab is already settled down into
“fully routine” operations, he reports. In
fact, within six months the new fab was
demonstrating better yields and better
wafer-to-wafer and lot-to-lot uniformity
than the company’s 4" fab in
Camarillo, CA.

Vitesse was the logical candidate to
pioneer 6" processing - after all, they
were also the first company to complete a
full 3" to 4" conversion. They are the
leading manufacturer of digital GaAs ICs,
and have been enjoying phenomenal sales
growth over the past four years. The com-
pany foresaw a capacity shortage in 1996.
and began plans for their new fab.

At that point, “the 4" vs. 6" decision
[for the new fab] came down to the eco-
nomic factors™ says Cutter, because the
company had already determined that the
infrastructure  they needed
would be in place. Most impor-
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Vitesse wafer starts per week

tantly, they were sure that they
would be able to secure high
quality 6" substrates. “We had
many discussions and a lot of
interactions with vendors,” says
Cutter, “and companies such as
Airtron were able to show the
uniformity and consistency in
the 6" substrates that we need-
ed” In fact, the supply is so
good that Vitesse is able to use
the 6" wafers “straight out of the
box™, with no inspection steps.

Vitesse

Growth in wafer starts per week at Vitesse.

Also important to Vitesse

was the availability of state-of-the-art
processing equipment. In the semicon-
ductor industry as a whole, it is difficult
to find a cutting-edge equipment manu-
facturer who will build 4" equipment
without charging substantial NRE (non-
recurring engineering) fees.

Depending upon the product, Vitesse
reports that the per-wafer yields at the
new fab are from two to five times higher
than their old fab. Of course this is due in
part to the larger surface area of the 6"
wafer; but the company is also getting a
higher percentage of good die on each
wafer, which they attribute to the use of
state-of-the-art equipment.

Anadigics and Siemens

Over the next 12 months, both
Anadigics and Siemens will be bringing
their 6" GaAs fabs on line. In Anadigics’
case the decision to scale-up was based
on the desire to reduce per-die costs.
Their 4" fab is not currently used to full
capacity. In Siemens® case. the
motivation was capacity constraints, as
their existing 4" line can no longer keep
up with demand. Thus they are
converting a 6" line which was originally
intended for silicon products to GaAs.
Both companies plan to shut down their
4" lines once the 6" lines are in full
production.

These two fabs will be the first to run
epitaxy-based processes: HEMTSs in
Anadigics’ case; HEMTs and HBTs in
Siemens’ case. Both companies are
outsourcing their epiwafer growth, and
are in the process of qualifying epiwafer
vendors.
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Raytheon’s GaAs Model for the Future

Raytheon’s decision to scale-up is the centerpiece of thei
strategic plan, as the company believes that there is a shake
out coming in the analog GaAs industry, and it is those con-
panies who have 6" fabs that will survive and grow.

Raytheon’s fab model shows a 30-45% cost advantag
for 6" wafers over 4" wafers, assuming equal utilization of
capacity. According to Jim DiLorenzo, Raytheon’s research

Raytheon’s _
- was also motivated by
capacity  constraints
" and cost considerations.
It is the centerpiece of
their strategic plans, as
 the company believes
" that there is a shake-out
= » .

L coming in the GaAs
industry, and it is those
- companies who have 6"
fabs that will survive

decision

showed that the matenls
costs — photoresist, gases
metals, etc. - for the 6" ling
would not be much differ
ent from those used inad'
line. Therefore the fa
model assumes that male
rial and labor costs, and
some equipment depreci
tion costs, can be amop
tized over the area of a6
wafer, which is 2.23
greater than that of a 4
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and grow.

wafer. [f the company cé
actually use the exti

capacity, the economi

benefits of scaling up become obvious. “It’s not magic, sili
con’s been doing it for years.” Dil.orenzo notes. “When w¢
look at what the customer needs in terms of price, and we
translate that to cost, and we know we want to operate with &
50% or better gross margin, we are driven to the 6" wafer”
Raytheon’s summary of cost trends for GaAs ICs is given
in Figure 2. “In the 80 GaAs was processed exclusively of
3", and you saw costs per square millimeter anywhere from

Do ol 550
cents,”  says
DiLorenzo.
“In the 90 we
saw 4" become
prevalent and
costs corre-
spondingly
dec reased.
That was a
function of two
factors; the
increased vol-
ume in the fab
and the larger
wafer size. We
expect to see
that trend con-
tinue with the
transition to 6"
wafers.”

At the low
end, he
believes that

Trends in GaAs Device Costsl

$/mm2

5. . —
1980 1990 2000 2010

Size

Wafer

Cost per sq. mm of GaAs devices ha
declined from 50 cents to $5 in the 1980 5
when processing was done on 3" wafers
to consistently less than $1 today, when
almost all volume production is done 0l
4" wafers. Raytheon predicts that the
advent of 6" wafers can further lower it
costs to around 5 cents for ion :'mpfmf.'c’ff
MESFETs, and 10 to 30 cents for epitax
ally based processes (HEMT and HB 1)
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MESFETs can cost as little as 5 cents per square millimeter,
assuming that the process is extremely “lean”. He points to
Vitesse as a model, as they have a process which uses just 11
mask layers, aluminum metalization (much cheaper than gold,
which is more commonly used), and self-aligned technology.
More complex MESFET processes might cost up to twice as
much on a per square millimeter basis.

For the epitaxially based processes (HEMT and HBT),
DiLorenzo predicts costs in the 10 — 30 cents range. At the low
end would be 0.5 micron ICs for the lower frequency wireless
applications. These devices are an important part of Raytheon’s
roadmap. “Our opinion is that in wireless communications, espe-
cially in handsets and wireless computing, HBT technology will
emerge as the clear winner,” says DiLorenzo. “ED [enhanced
depletion mode] PHEMT is also a good candidate. but it is more
difficult to implement than HBT.”

At the upper end of the cost range would be chips for mil-
limeter wave applications. “Right now you need e-beam lithog-
raphy to produce 0.1 micron gates for 77 GHz circuits, so you

Wireless GaAs Today...
Alpha

Othg‘s /

Lucent/H P

Siemens__

Celeritek—

TriQuint
$ 1.2 Billion

... and Raytheon's View for 2003

Market Leaders
(3-4 companies)
75%

$ 2.4 Billion Projected
(17% CAGR )

Source: Raytheon

Raytheon predicts a consolidation in the wireless GaAs busi-
ness, with three or four fabs emerging as the dominant suppli-
ers in this currently fragmented market.

have to put that kind of a cost structure in your fab.” Raytheon
has not yet decided whether these products will be integrated into
the 6" fab, or whether some other provision might be made for
high frequency products. “That’s a big issue for us right now,”
says DiLorenzo. “If you want to run a very efficient 6" fab for
high volumes, you may not want to add into it things like mil-
limeter wave technology, because it can add variability that
reduces efficiency and cycle time. We are in the process of eval-
uating how we can blend our desire to participate in the millime-
ter wave opportunities with our 6" fab strategy.”

A Consolidation in Wireless On the Horizon?

Raytheon’s decision to scale-up to 6" was based upon their
forecast for the wireless handset business. “Maybe we are
myopic,” DiLorenzo says, “but right now we don’t see another
truly large volume application.” Therefore they excluded con-
sideration of all other applications from their forecast when
attempting to justify the investment in the new fab.

In the Raytheon model, by 2003, wireless handsets will have
on average 1.5 PAs and 1.5 switches, all done exclusively in

GaAs, with some small additional GaAs content in
transmit/receive integrated modules.
Assuming

an overall market
of slightly more
than 350 million

handsets,  this

adds up to the .
need for 820 mil- exc[us,'vely-._ i
(GG D ..roughly 200,000
2003, with a EhY
valueqof $2.4 bil- o ”.’auld be reqmlmd
hon. Ro.ughly pply this market, and there
200.000 6" st 3 or 4 leading fabs
wafers would be 7. :

required to sup-
ply this market.

Currently,
the analog GaAs market is highly segmented. As Figure 3 shows,
there are more than 15 players vying for a $1.2 billion market.
DiLorenzo believes this situation is not sustainable. He predicts
that by 2003 there will be just 3 or 4 leading fabs which share
75% of the market.

“Consolidation must occur.” says DiLorenzo, “there will be
winners and losers, and in our view, the winners will be the com-
panies with 6" fabs that use them well.”

Not everyone we spoke with agrees with this viewpoint.
Several GaAs fab managers believe that it is more important to
utilize their current 4" capacity more effectively, and some men-
tioned that other considerations, such as higher throughput
0.1 micron lithography, were more important priorities. Most
companies we spoke with have 6" GaAs on their roadmap for the
2001-2003 timeframe. But these early-adapters of 6" GaAs have
the potential to shake up the rest of the industry, and may even
force their competitors to reassess their own strategies.
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Silicon Germanium as a
Commercial Technology

ROBERT A. METZGER

t has taken about five years longer

than anyone expected, but SiGe has, at

last, arrived. You can pick up the
phone, get a part number, and have a SiGe
circuit delivered to your desk. Therefore
the question is no longer if we will see
SiGe devices and circuits in the commer-
cial market, but rather it is what those
devices and circuits are, and how they
might impact manufacturers of GaAs
devices.

I. Players and Products

IBM

In the last quarter of 1998, IBM
made the all important transition from the
promise of SiGe technology to

“Traditional cell phones are the mar-
ket,” says George Lauro, Director of
Business  Development  of  RF
Communications and Storage Products at
IBM. “There are a bewildering number of
places to apply SiGe, but we wanted to
focus on a few in order to make a success.
We originally looked at 25 applications
and reduced this down to two to focus on.
The first was hand-held cellular, while the
second application is GPS.”

All of the standard SiGe products
which IBM offers are intended for RF
front-end applications, with the devices
designed primarily for receiver compo-
nents such as LNAs, VCOs, mixers and
discrete HBTs. SiGe HBTs are attractive
for this area because of their low base

SiGe GPS chip on the head of a quilting
pin, and a thimble full of the same chips.

system,” says Lauro. Currently, 70% of
GPS applications are in the automotive
area, with potentially larger opportunities
on the horizon. “The US government i§
considering mandating an E911 directive
in which embedded GPS systems would
be placed in cellular handsets so that in
case of emergency calls to 911, the phone
location would be automatically relayed3
Lauro reports.

In addition to commercial compos:
nents, IBM’s SiGe strategy includes
foundry services so that customers cang
implement their own SiGe designs. In

order to further exploit this

the reality of commercial prod- g
ucts.

has focused on the implementa-
tion of SiGe technology through
a BiCMOS process, in which
they hoped to merge both the

For the last decade, IBM |4l of the standard SiGe products which IBM offers
| are intended for RF front-end applications, with the
devices designed primarily for receiver components
- such as LNAs, VCOs, mixers and discrete HBTs.

foundry capability, in February

1998, IBM acquired
Commquest Technologies, &
company with extensive RE

design capabilities, which had
already made inroads into the

high speed and RF compatible
characteristics of SiGe HBTs
with the low cost and large scale digital
capabilities of CMOS. Their 8" SiGe
BiCMOS line in Burlington Vermont sup-
ports high levels of integration in both the
high speed SiGe portion (f; and fiax of 50
and 70 GHz, respectively). and in the
CMOS portion of the process (gatelength
a conservative 0.4 micron).

In the past, this line was sometimes
touted as the pathway toward an entire
phone on a chip, using the SiGe HBTs for
the front-end RF portion, while the
CMOS would handle [F and
baseband/DSP applications. However, it
has turned out that this type of revolu-
tionary design is not what the market is
looking for.
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resistance, which result in low noise char-
acteristics, a critical characteristic for
these front-end receiver applications (see
box, page 36). IBM’s SiGe LNAs typi-
cally exhibit a low NF of 1.2 dB. These
front-end devices and circuits are all con-
figured to operate at 3 V, and over a fre-
quency range of 800-1900 MHz, satisfy-
ing the operating requirements of many
standards, including GSM, CDMA and
PCS.

In the GPS area, IBM reports that

they have demonstrated SiGe-based

receivers which use direct conversion of

=
the signal. “This allows us to remove a
fe

the parts required in a conventional GPS

w stages and operate with !/, to /3 of

RF systems market. Using the
SiGe capabilities at  Burlington,
Commquest has developed and is now
offering front end RF components,
including both a tri-band LNA and tri-
band PA/VCO, designed to eliminate the
need for multiple components in the 900,
1800 and 1900 bands.

Commquest continues to be mterest:
ed in the elusive “single chip phone’
However, they do not see this application
in terms of hand held cellular. Saysy
Marilyn Jordan, Director  of
Communications for Commquest, “Wel
see the single chip solution on a mother
board, to make portable devices such a
your laptop also a wireless device.” Plans
such as these are being driven by thel
Bluetooth Special Interest Group (SIG)
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an association of nearly 400 companies,
and founded by IBM, Ericsson, Intel,
Nokia and Toshiba. It is the aim of this
SIG to define the technologies and stan-
dards to implement the 2.45 GHz ISM
band for wireless short range communi-
cations between portable electronic
devices, an area in which IBM hopes to
use its SiGe technology.

George Lauro is quick to point out
that such wireless applications are key to
IBM’s long range strategy. not only for
SiGe, but for the company as a whole.
“The thing to remember is that IBM has a
greater interest in SiGe than in the current
applications. At the highest corporate
levels, it has been determined that the
implementation of SiGe technologies is
strategic in our long term plans to imple-
ment what we see in the future of com-
puting - the untethered network, with
PDAs, Thinkpads, Internet access, large
computing - all of it connected by a wire-
less network which will be implemented
with SiGe.”

In addition to IBM’s commercial
offerings  through Burlington and
Commgquest, it has also entered into
foundry agreements with such companies
as Hughes. Applied Micro Circuits Corp
(AMCC), Alcatel, Nortel, Harris,
Qualcomm and National Semiconductor,
all of which are using the foundry to
develop their own SiGe devices.

Some companies are also evaluating
SiGe for datacomm applications.  Jim

IBM

SiGe chip cross-section taken with a
scanning electron microscope - color
enhanced to show SiGe implant at top of
photo, in orange.
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Ebentier, Director of Technology and
Partnerships at AMCC, characterizes
their datacomm effort, saying, “right now
we are in full production at OC-12 (625
Mb/s), with designs being implemented
in OC-48 (2.4 Gb/s), and development
work at OC-192 (10 Gb/s).” AMCC
intends to use IBM’s SiGe for 10 Gb/s
Sonet applications.  According to
Ebentier, “we hope to have 10 Gb/s prod-
uct out this year.” But competition in this
area is already mounting, with Alcatel
having announced at the end of 1998, that
with the aid of IBM’ SiGe technology,
that they have already developed a 10
Gb/s data module. Other contenders with
access to IBM’s technology which are tar-
geting this application include Nortel.

According to Bernie Meyerson of
IBM, Director of SiGe Development,
“datacomm at 10 Gb/s shows the real
potential of SiGe technology, driving this
technology much harder than RF applica-
tions which only run up to 2.4 GHz and
have smaller levels of integration. In
addition, it’s important to remember that
Si has a thermal conductivity three times
greater than GaAs, a very important con-
sideration for high speed datacomm,
where a lot of power is being dissipated.”
This high speed aspect of SiGe is also
reflected in the work which Hughes is
doing with IBM. Meyerson says, “we’ve
built for them a large digital switch,
which uses around 30,000 SiGe HBTs, in
which the entire circuit clocks at 3500
MHz.”

But for others, such as National.
Harris, and Qualcomm, the rapidly grow-
ing RF market drives their desires to get
involved with SiGe. Harris plans to use
IBM’s technology to boost its WLAN
PRISM chipset capabilities. According to
Ron Van Dell, Vice President and General
Manager for Communication Business,
“we will be moving beyond the current
PRISM capability of 2 Mb/s to the newer.
higher standard at 11 Mb/s, which we will
implement in SiGe. The SiGe gives us
higher levels of integration, which has
allowed us to get down to 3-4 chips from
the current 6-7. Eventually we'd like to
use this technology to get down to 1-2
chips.”

And lastly, Qualcomm has Just
announced its sixth generation CDMA
chipset. In the receiver portion of the

Market for SiGe Devices
to Grow Quickly

ccording  to  Strategies
Unlimited the worldwide mar- |}
ket for SiGe wireless and digital
semiconductor devices will reach |
$1.8 billion in 2005, a 100
increase over current levels, cap-
turing nearly 10% of an expec
$19 billion market for high spe
devices at that time. Driven by
strong global demand for commu-
nications, SiGe 1C demand is pro-
jected to grow from $15 million in
1998 to $450 million in 2002, an |
annual growth rate of over 200 per- |
cent. Applications such as wireless |
and satellite-based voice and data |
services are expected to drive 79% |
of the demand in 2002, while high-
speed computer networking appli-
cations will make up 16%, and |
consumer, industrial and military
uses will account for the remaining |
5% of world demand.
SiGe RF IC sales are forecast
to reach $200 million in 2002 and
rise to nearly $800 million in 2005.
Mixed signal and digital IC appli-
cations, such as digital transceivers
for wireless and optical communi-
cations are forecast to reach $240
million in 2002, rising to $1 billion
in 2005.
More details can be obtained |}
from the report, which is available §
from Strategies Unlimited (TEL
(650) 941-3438; FAX (650) 941
5120; email info(@strategies- |
u.com).

Worldwide Market
for SiGe Devices
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chipset (RFR3100), this LNA/mixer chip
is implemented in IBM’s SiGe technolo-
gy, meeting all CDMA standards for both
the 800-900 cellular band, as well as the
1840-1990 PCS band.

Temic/Atmel

IBM continues to garner the bulk of
the press and publicity with its recent
announcement of commercially available
SiGe products, but it is Germany’s Temic
which offered the first SiGe products
more than | year ago. Unfortunately for
Temic’s SiGe effort, at the moment when
commercial products were nearing the
marketplace, the company itself went
through both restructuring and sale.

Prior to restructuring, Temic was a
conglomerate of two major units owned
by Daimler-Benz - the automotive sector
and the semiconductor sector. In an effort
to streamline operations, Daimler-Benz
retained the automotive sector, but sold
the semiconductor division to Vishay,
which in turn split the semiconductor
operation into two segments, retaining for

themselves that part which dealt with dis-
cretes (diodes, transistors, LEDs and
other opto elements). and sold the
remaining semiconductor capabilities,
which included the SiGe effort. to Atmel
Corporation.  That final restructuring
took place in mid 1998.

“As of today.” says Dominik Winau,
Vice President of Communications ICs of
Temic Semiconductor, “there are now
three business centers within Temic
Semiconductor, the Communications 1Cs
which includes the SiGe effort,
Automotive and Control Circuits, and
lastly Microcontrollers, all of which rep-
resent one business unit within Atmel.”

Currently, Temic Semiconductor runs
a 6 inch SiGe HBT fab line at Heilbronn,
Germany. The Temic SiGe process,
which had started out as a MBE-based
effort developed by researchers at the
Daimler Benz Research Facility, and uti-
lized an HBT structure similar to those
found in GaAs products (see below) has
evolved into a different process.
According to Winau, “when it was done
by MBE it was not reliable, very slow.

very expensive, and of no real use fromg |
manufacturing perspective. We went tog
lot of effort to use standard equipment
that you can buy on the marketplace - just
standard CVD equipment.” With a man-
ufacturable process, Temic has introduced
SiGe LNA and power amplifiers. In the
same manner that IBM and Commquest
are introducing commercial product
which address multiple standards and
operating systems, Temic has developed
dual-band power amplifiers (TST091]
and TST0913) which are applicable to
both GSM and PCS over the range of 900
to 1900 MHz. In addition, they also offer
standard LNA products.

As is the case of IBM, the facility at
Heilbronn not only serves to generate
commercial product, but also operates in
a foundry mode. “We have one customer
which has already implemented a full
GSM transceiver on a single chip,” says

Winau, “and another which has built 4

. . . . . {
transmission circuit operating at 40
Gb/s.”

However. unlike the IBM effort, the
line at Heilbronn is strictly an HBT line,

here have traditionally been two dif-

ferent approaches to the implemen-
tation of a SiGe-based HBT, with the
difference dealing with the Ge profile
within the base region. The original
Temic approach as developed by
Daimler-Benz would be considered a
more “traditional” HBT structure. A
narrow base region of 10-40 nm in width
with a Ge content of 20-40% throughout
the base was used. Arbitrarily high lev-
els of Ge can not be tolerated in these
structures due to the 4% lattice mis-
match between Si and Ge - if too much
Ge is added, the resultant strain will be
relieved by the generation of disloca-
tions which will quickly degrade device
performance.

The narrow bandgap in the base acts
to increase the current gain, B, of the
device. In terms of this traditional HBT
structure, B can be expressed as:

where N and W are the doping level and

Technical Considerations

width of the emitter and base, and D,
and D, are the minority carrier diffusion
coefficients for holes (p) and electrons

(n).

The enhanced gain of the HBT
comes about through the bandgap differ-
ence between the emitter and base, AEg,
where 1n the case of SiGe, this can be as
large as 250 meV (depending on the Ge

content).

As can be seen from this equation,
as the base doping Ny is increased, the
However, due to the inser-
tion of the heterojunction, the gain is
increased in an exponential fashion due
to AEg. As a result, while the impact of
increasing the base doping level would
be to decrease the gain, this effect can be
compensated for due to the presence of
the AEg. This allows base doping levels
in an HBT to be increased upwards of
two orders of magnitude as compared of
BJTs, and still exhibit acceptable gains.
As a result, the RF performance of an

gain drops.

HBT is greatly enhanced over that of
BJT, in which the maximum frequencyl
of oscillation, fmax can be greatlyl
increased, where fi,,x is determined by_::

= (fi/8nRpCep)!/2

where f; is the cuttoff frequency, Ry thel
base resistance, and Cg, the collector
base capacitance.

As a result of the higher base dops
ing levels which can be utilized in af
HBT, the f,. value is increased. I
addition, because an epitaxial process §
used to grow the HBT, very narrow basé
regions can be fabricated which reduce
the electron transit time through the
base, which in turn increases f; and
therefore increases fiyay. As a result, '::!
higher base doping levels give ':_J
higher frequency performance. But i
benefits do not end there. In additiom
the resulting lower base resistances
improves the device noise figure, a criff
cal parameter for RF performance, whilé

1 max
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without any CMOS capability. However,
it was this SiGe HBT capability which
attracted Atmel. *We are in the process of
transferring the SiGe know-how from
Heilbronn into our Colorado Springs
BiCMOS facility in order to make that a
BiICMOS SiGe facility.” says Jeff Katz,
Vice President of Marketing for Atmel.
According to Tony Giraudo, of
Atmel’s Colorado Springs operation, “to
give you a little bit of context, the
Colorado Springs facility has been
engaged in providing BICMOS RF wire-
less products into the cellular, two way
pager and two way radio markets for
about 5 years now. So it was a logical
evolution with the growth of that business
that we make an investment in SiGe and
that is why we acquired Temic’s business,
and more specifically, the intellectual
property concerning SiGe. We believe
that for those companies involved in the
RF and wireless market, new technology
18 critical for going forward, especially
when a lot of the communication proto-
cols are going up in frequency. So that
was our motivation. We are now taking

the next step which is to create the SiGe
BICMOS technology. a technology that
our existing customers are asking for.”

Unlike IBM, which is offering some
commercial products, this is not currently
in the plans for the Atmel Facility in
Colorado Springs. “The customers that
we tend to deal with are the big three in
this business - Motorola, Nokia and
Ericeson,” says Giraudo, “and they essen-
tially define their own products. They
design their own products if we provide
the capability for them to do that. We are
not in the business to compete, in terms of
the sockets that the big three try to create
for themselves. So our market segment is
defined as a customer-owned tooling rela-
tionship, allowing the people who know
how to design radios to do that job.”

Once the SiGe process transfer has
been completed, and product shipments
begin in the middle of the year, there are
no plans to shutdown the Heilbronn SiGe
facility. The fact that the company will
have two sources of SiGe gives the com-
pany an internal backup if there is a prob-
lem with either line.

the presence of the heterojunction
results in a much more linear device, a
very important consideration for many
RF applications.

At the time that Daimler-Benz was
employing this conventional HBT struc-
ture, the IBM approach was to grade the
Ge throughout the base, starting with
only 2-3% at the emitter-base junction
and increasing it to approximately 10%
at the base-collector junction. In this
case the resultant field generated by the
graded region enhanced electron transit
time, which in turn decreased f; and
increased fi,.«. And because there exist-
ed some level of Ge throughout the
base, there was still a AEg effect which
permitted higher doping levels.

Over the last three years, as they’ve
moved into production, both IBM and
Temic have made changes. IBM has
slightly increased their Ge content, run-
ning from 3 to 13% from base to emit-
ter, while Temic has reduced their con-
stant Ge content to 20% (higher levels
resulted in generation of dislocations

e

upon thermal cycling). The typical Ge
profile used by SiGe Microsystems runs
between these two points, optimized for
the specific application of the customer.
As this technology has moved out of the
lab and into production, a merging of
the different approaches has taken
place, driven by the requirements of the
commercial market. In the real world, a
good 50 GHz fiyax device easily satisfies
the commercial demands of 2.5 GHz
and 10 Gb/s applications, and can be
achieved without the heroic profiles and
low yield processing which in the past
were used to achieve record breaking
figures of merit. In the past it seemed
that there was a “figure of merit con-
test” in which f; and fix values were
driven past the 100 GHz level by using
extremely high Ge content, or very nar-
row bases and heavily doped collectors
(which resulted in degraded breakdown
voltages). But the trend now is toward
more manufacturable, more conserva-
tive profiles that meet the needs of the
current applications.
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SiGe Microsystems/Maxim

Another interesting supplier is SiGe
Microsystems of Ottawa Canada.
Originally conceived as a service compa-
ny offering SiGe epitaxial growth, using
the same Leybold UHV CVD system as
IBM utilizes in their SiGe deposition pro-
cess, the direction of the company has
recently been altered. “Our new business
model is not one of providing a service.”
says Derek Houghton, president of SiGe
Microsystems. “We provide a solution.
We are transitioning into a fabless semi-
conductor company. We now have a
potent team of RF SiGe designers, which
allows us to engage a customer such as
Ericcson or Nokia, which provides us
with a spec, and then we can deliver a par-
ticular solution through our different
foundry arrangements.”

An example of such a foundry
arrangement is the one which
currently exists with Maxim
Integrated Products through the
utilization of its BiCMOS pro-
cessing line. Maxim provides all
processing, except for the criti-
cal SiGe deposition step, with 1s
done at SiGe Microsystems.
This capability not only allows Maxim
and SiGe Microsystems to go after cus-
tomers which neither one of them might
capture by themselves, but has also result-
ed in the production of commercial SiGe
products. Like IBM, which is focusing on
the low noise capabilities of SiGe for
receiver applications, Maxim offers LNA
and LNA/mixer ICs (MAX2640/41 and
MAX 2680/81/82). These impressive
LNA’ exhibit a NF of only 0.9 dB at 900
MHz, and 1.3 dB at 1900 MHz.

According to Walter Lau, Business
Manager for Maxim’s Wireless Group,
“we are bringing up are own in-house
SiGe capability which is being transferred
from SiGe Microsystems. The equipment
is in house and we are currently qualifying
the process. We have quite a few SiGe
products in development. The main mar-
kets as we see them are cellular, GPS and
WLAN at both 2.5 and 5.2 GHz.”

And while Maxim establishes its own
internal SiGe capabilities, SiGe Micro-
systems continues to evolve. “The fact
that we have a SiGe capability makes us
very attractive for foundries to interact
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with us, giving them a greater capability.
But beyond this, we also plan on introduc-
ing our own products that will begin to
appear in the third quarter of this year,
products whose capabilities will inter-
leave with those which our customers are
offering.”

NEC

Details about SiGe activity in Japan
are sketchy. However, it is known that
NEC is planning to have commercial SiGe
HBT products in the marketplace within
the next two years. The company recently
invested $45 million to set up a SiGe line
at NEC Yamagata to cover R&D through
to mass production. Samples will be

available in March. NEC says they will
have capacity for 180 million SiGe
devices per month.

I1. The Future

Given that SiGe is being targeted
toward wireless and datacomm, everyone
in the compound semiconductor industry
is surely wondering about its potential
impact on demand for GaAs ICs. But
making predictions about which technolo-
gy will win and which will lose is difficult
at best, and in all likelihood futile. The
SiGe vs GaAs mindset, which over the
last decade was often driven by who could
produce the highest f,. and f,, is finally
over. Business strategies now are not cen-
tered around material systems or device
types, but on coming up with solutions for
a specific application. Nowhere is this
approach more evident than at RF
MicroDevices.

“We have never identified ourselves
as a GaAs company.” says Jerry Neal, vice
president for marketing. “We've always
had the view that is described by our slo-
gan - optimum technology matching. We
believe that you satisfy the application
with the best price/performance and what-
ever technology satisfies that is whatever

technology it happens to be. Even though:I
the majority of our business is GaAs, with
our GaAs HBT accounting for 83%, the
remaining 17% of our business is in sili-
con, and it is the fastest growing segment
of our business.” |

Even though REMD is currently
expanding its GaAs HBT fab, it is also
aggressively expanding Si-based RF busi-
ness. This effort includes a recent agree-
ment with IBM for SiGe foundry work.
This agreement now gives RFMD four
external sources of different materials and
devices - GaAs HBTs from TRW, GaAs
MESFETSs from TriQuint, Si Bipolar from
IBM, and now SiGe HBT from IBM
Burlington. |

With regard to SiGe, Neal says, “it
has a role to play in low noise, such as i
receivers. Many of these applications you
can do with GaAs HBTs, however, the
SiGe gives you an extra capabil-
ity because it is a BICMOS pro-
cess, so you have a large wafer
(8 inch in IBM* case), along
with the CMOS which allows
you to implement additional
functions, which could be in the|
IF, baseband, or in control cir
cuitry. But even beyond that, we:
are looking past MMICs and at modules:
Prior to this year we only shipped
MMICs, and now we are getting int
modules, which allows us to mix tech:
nologies. This gives the possibilities of
mixing technologies, of using both SiGe
and HBTs in power amplifiers.”

In all likelihood the future belongs
neither to GaAs or SiGe. The futur
belongs to the applications which drive
the market, and the winners of that race
will be the companies with the flexibility
and multiple technology capabilities 1
create solutions for those applications
the lowest cost, to recognize that cacl
application will be best served by a con
bination of technologies.

“We expect to ship SiGe this calenda
year,” says Neal. “We will utilize both Ihe
SiGe and the BICMOS in these firs
chips. We believe that the SiGe whlch_Ls
available now, will continue to advance i
its capabilities, so we think the timing
now is correct to get familiar with desig
ing products with SiGe, so we will be
positioned in the future as its capabilities
increase.”




SILICON UPDATE

Beyond the 2.5 Barrier

ROBERT A. METZGER

he number 2.5 marks an important

boundary in the two most impor-

tant commercial markets for GaAs
devices. Wireless local area network
(WLAN) bands, operating up to 2.5
GHz. represent the upper bound of the
commercial RF sector.  On the digital
side the OC-48 standard, supporting data
transmissions up to 2.5 Gb/s, drives the
data communications market segment.
Conventional wisdom says the realm
beyond 2.5 belongs solely to GaAs, and
this is a territory into which silicon sim-
ply can not encroach.

Unfortunately, recent research has
produced two prime examples of silicon-
based RF and digital circuitry operating
well beyond the 2.5 barriers.

Researchers at NEC Corporation in
Kawasaki Japan, lead by Mohammad
Madihian, have reported on a 5 GHz
band  multifunctional BiCMOS
transceiver chip for GMSK (Gaussian
minimum-shift keying) modulation
wireless systems, specifically targeting
the WLAN 5 GHz band. This transceiv-
er chip incorporates a low-nose RF
amplifier, a Gilbert down-mixer, and an
[F amplifier in the down-converter path;
and a Gilbert up-mixer, and a buffer
amplifier in the up-converter path. In
addition, to keep the phase noise and
power consumption of the local oscilla-
tor (LO) low. rather than using a direct 4
GHz band PLL system for the LO signal,
the chip uses a frequency doubler fol-
lowed by an LO amplifier, thereby per-
mitting use of a 2-GHz band PLL local

signal. This circuit was implemented
using NEC’s 0.4 pum emitter-coupled

logic/BiCMOS process, which utilizes a
double polysilicon self-aligned emitter-
base structure, and CMOS transistors
which have a WSi/polysilicon gate light-
ly doped drain structure. The bipolar

transistors have an f; and fi,, of 22 GHz
- certainly fast, but not faster than any
other number of good commercial sili-
con bipolar processes. A two-metal sys-
tem was used to fabricate on-chip induc-
tors which exhibited a Q of around 3.5 at
5 GHz. The circuit uses a single 2.6 to
5.2V bias voltage. For 5.2 GHz opera-
tion, the transceiver exhibits 15 dB of
gain and a 5.5 dB NF on the receiver
side, while in the transmit mode, delivers
-6 dBm for an input IF power which
ranges from -55 to -40 dBm. The noise
performance of the receiver is dominated
by the substrate leakage and inductor
parasitic resistance, and if a lower NF is
required for a given application, imple-
menting this circuit in either an SOI or
SOS substrate will certainly improve the
NE.

On the digital side, researchers from
Hitachi, led by Kenichi Ohhata, have
fabricated a wide dynamic range. high
transimpedence silicon bipolar preampli-
fier which is targeted for 10-Gb/s optical
fiber links for short-haul systems. This
circuit was implemented in Hitachi's
0.3 um, 35 GHz f; bipolar process which
uses an SOI substrate and U-groove 1so-
lation to reduce the parasitic capacitance
between the collector and the substrate.
The preamplifier, when coupled with a
limiting amplifier, exhibited a wide
dynamic range from 16 mA peak-to-
peak to 2.5 mA peak-to-peak, and a high
transimpedance of | kQ - giving this
amplifier the highest reported tran-
simpedance value of any bipolar pream-
plifier operating at 10 Gb/s.

Rather than looking over your
shoulder, wondering if silicon is catching
up to you, squeezing you against the 2.5
barrier, it might be wise to take a look in
front as well, checking to see if silicon
has leapt right over you.
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HEMT-based Millimeter-wave
Monolithic IC Technology

for 76 GHz Automotive Radar/!/

YUU WATANABE AND NAOFUMI OKUBO
Fujitsu Laboratories Litd.

ne of the most promising commercial applications for

millimeter-wave systems is automotive radar to provide

active safety for driving. Research on automotive radar
started in early 1970s in the United States, and Fujitsu developed
a 50 GHz radar sensor in 1981. Although these efforts did not
meet the demands of the market in terms cost and size. more
recent developments have stimulated commercial interest in mil-
limeter-wave systems including automotive radar. These includ-
ed several national research programs on millimeter-wave Sys-
tems, and the strong growth of GaAs semiconductor manufactur-
ing as a result of the rapid spread of wireless communications.

The Japanese Ministry of Posts and Telecommunications
(MPT) assigned the 60 GHz band for low-power millimeter-wave
radar systems in 1995. Following the allocation of 76 GHz band
for radar in the US and Europe, MPT decided in 1997 to assign
the same band to automotive radar systems in addition to the 60
GHz band. Although this action promoted a global standard for
commercial use, it gave a rise a number of challenging technical
issues.

To realize practical, reasonably-priced radar systems for pas-
senger cars, the frequency performance of the devices must be
improved and costs reduced. Monolithic integration is the usual
approach to cost reduction, and much effort has recently been
devoted to the development of MMICs. It has been shown that
peripheral elements play a more important role in the millimeter-
wave frequency region, and that die positioning and wiring in a

Gate

Source

GaAs
cap layer

— - i-InGaAs

S.l. GaAs substrate

Figure 1. Cross-sectional structure of an InGaP/InGaAs
HEMT.
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package can seriously affect the circuit performance and yield,
resulting in higher costs. However. these difficulties can be over-
come with flip-chip bonding. Chip positioning can be automated
with greater accuracy, and the wafer process is simpler than for
conventional microwave devices.

Here, we describe a MMIC technology for 76 GHz automo-
tive radar that includes a 0.15 pm HEMT IC process, flip-chip
bonding with pillar interconnection. and W-band face-down cir-
cuit design.

0.15 pm HEMTS - Device Technology and
Performance

Heterojunction devices such as HEMTs have fundamental
advantages over other types of transistors for challenging high
frequency applications such as 76 GHz MMICs for automotive
radar. Fujitsu has
already developed
a 0.25 pm gate
length HEMT
technology, which
is commercially
available for sever-
al millimeter-wave
systems. However.
even with 0.25 pm
HEMTs, frequency
performance is not
sufficient for 76
GHz automotive
radar system; high-
performance tran-
sistors with fmax
exceeding 150
GHz are required.

The reduction
of gate capacitance

i.00K

L l:.“i' 1
: 30um
Figure 2. SEM image of a MMIC priorlt
: ¢ flip-chip bonding, showing HEMTs an
and increase in 40 um diameter pillar-shaped gold inter
transconductance connections.

I This article originally appeared in the Fujitsu Scientific and Technict

Journal, 1998, 34(2), p. 153. It is reproduced here with permission from i
authors and Fujitsu.
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are important to improve the transistor characteristics. Scaling is
the traditional approach for FET technology and is effective for
improving performance even in the sub-micron region, but para-
sitic factors can not be neglected for high-performance devices.
Such phenomena as the short channel effect, the increase of gate
resistance and fringing capacitance degrade the transistor perfor-
mance.

Figure 1 shows the new structure employed for 0.15 um
HEMT. The T-shaped gate was patterned by electron beam lithog-
raphy. This separates the gate electrode from the sidewall, thus
reducing the fringing capacitance. The i-GaAs/i-InGaAs/n-
InGaP/n-GaAs epitaxial layers were grown by MOCVD, where
n-InGaP is the electron supply layer instead of the AlGaAs layer
used in conventional AlGaAs/GaAs HEMTs. Due to high doping
in the InGaP layer, the distance between the channel and gate can
be reduced compared with the conventional device. This struc-
ture suppresses the short channel effect for short gate lengths,

In the fabrication process, the recess region was etched after
ohmic electrode formation. The Al gate electrode was aligned in
the recess region with electron beam lithography, and lifted off.
Using Al for the T-shaped gate electrode, the gate resistance is
low even for a gate length of 0.15 um. We optimized the struc-
ture, taking account of the high frequency and process stability.

The small-signal frequency characteristics of the 0.15 mm
HEMT, measured under a bias condition of Vg4 = 3V and
Vs = -0.4V, indicated a cut-off frequency (f7) of 90 GHz, a max-

imum oscillation frequency (fiax) of 170 GHz, and a maximum
stable gain of 9 dB at 76 GHz. The f,.« value was determined
from the maximum available gain curve instead of by the -6 dB
extrapolation of unilateral power gain curve, showing that the
new HEMT structure effectively reduces the parasitic effects.

MMIC Fabrication

Using the 0.15 pm gate HEMT, we developed a low cost
MMIC process employing conventional passive elements includ-
ing MIM capacitors, epitaxial resistors and air bridge wiring.

Conventional MMICs use microstrips as transmission lines,
which need a ground plane on the backside of the chip and via
holes to connect the backside ground plane to the face-side of the
chip. The thickness of the chip must be precisely controlled to
maintain the impedance of the transmission line, requiring wafer-
thinning and wafer-penetrating fabrication processes.
Controlling the wafer thickness and via size makes it very
difficult to fabricate high frequency circuits with the micro-strip
structure. A co-planar waveguide (CPW) is often used in
millimeter-wave circuits and its structure is also convenient for
flip-chip assembly, since all the electrodes in the circuit are
placed on one side of the chip. No wafer thinning and via
penetrating processes are needed for co-planar circuits. The chip
can also be thick, thus retaining mechanical strength in the chip
bonding process.
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Flip-Chip Bonding

The importance of assembly is much larger for high fre-
quency applications than that for digital or low-frequency ones.
The physical length of packages seriously affects on the perfor-
mance of MMICs, because the wavelength is compatible with the
dimensions of the package and leads. Flip-chip bonding of the
MMIC to an alumina substrate was selected because the process
causes little loss in performance, and its assembly precision
enables low-cost fabrication.

Digital LSIs usually use bump technology based on trans-
ferred solder for the interconnections of flip-chips. Due to the
short wavelength involved in W-band MMICs, these require more
precise positioning and sizing of interconnection electrodes to
avoid degradation due to impedance mismatching, compared to
digital LSIs.

In order to obtain good positioning with a small diameter
interconnection, we developed a pillar technique. After metal-
lization to form the MMIC co-planar lines, 40 pm diameter pil-
lar-shaped gold electrodes were formed on the wafer by electro-
plating (see Figure 2). This technique provides flexibility allow-
ing the pillars to be placed anywhere on the chip and thus reduces
the source inductance of each transistor by placing a grounded
connection just beside the devices. Pillar formation, which
replaces wafer thinning, backside alignment, via hole etching,
and backside plating in conventional MMICs, greatly simplifies
the fabrication process.

Despite the advantages of flip-chip bonding, two problems
remain. Firstly, the transmission line on the chip to the substrate
exerts a proximity effect on the high-frequency characteristics of
the device. Secondly, the reliability of the lines may be compro-
mised when subjected to thermal and mechanical stresses inher-
ent in the inflexible structure of flip chip bonding.

The gold-tin eutectic reaction method was employed for flip
chip bonding, in which the chip and substrate are heated after
connecting the gold pillars on the chip to the tin of the substrate.
This process potentially causes less damage to the fragile GaAs
chips than conventional gold to gold thermocompression bond-
ing because of its lower temperature and lower load. In addition,
the gold-tin method avoids solder contamination of the gold

GaAs chip

Au pillar!

Bonding
pad-

Prode contact
pad

substrate

Figure 3. Schematic showing a GaAs MMIC with gold pillars
about to be flip-chip bonded to an alumina substrate.
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transmission line on the chip, which can be a problem in the sol-
der-bump bonding method.

To evaluate the high frequency characteristics and reliability
of the technique, a test piece was fabricated. This consisted of a
2 mm square GaAs chip with gold CPW lines and gold pillars on
one surface, and a 10 mm square, 0.65 mm thick alumina sub-
strate (see Figure 3). The alumina substrate had a patterned thin
film surface metallization consisting of 100 nm Ti, 3,000 nm Cu
and 500 nm Sn. The GaAs chip was mounted on the substrate
with a pulse-heat tool at 350°C for 10 seconds under a 20 g/pil-
lar load.

The insertion loss of the pillar was estimated to be -0.2
dB/pillar. Overall, flip-chip bonding was estimated to have both
a lower insertion loss and a lower return loss than conventional
wire bonding. The characteristic impedance of the transmission
line on the chip was simulated as a function of the pillar height,
and was 52+2 Q for a pillar height of 20+5 pm. Below 15 pm, the
characteristic impedance was very strongly dependent on pillar
height.

A major problem in flip-chip bonding is the thermal expan-
sion mismatch between the chip and substrate, because both are
inflexible and thermal stress concentrates at the bonding portion.
GaAs has a thermal expansion coefficient of 6.0 ppm/°C, which
is similar to that of alumina (6.5 ppm/°C), resulting in a relative-
ly small thermal expansion mismatch. The bonding reliability
was estimated by thermal cycle test (-55 to 150°C; 1000 cycles),
thermal shock tests (-0 to 100°C; 1000 cycles) and vibration tests
(10 to 200Hz: 10 G; 6 hours). All samples passed these tests,
indicating the high reliability of this bonding technology.

Face-Down Chip Design

Designing the W-band millimeter-wave circuit with face-
down chips is another challenge. A precise model of the trans-jq
mission line is one of the key issues for MMICs. In spite of much|a
research on CPW design, there remain several difficulties in|
using CPW for flip-chip circuits, such as the proximity effect andf™
signal transition to the chip. An actual flip-chip CPW line con-

Figure 4. SEM photograph of an amplifier MMIC flip-ch
bonded to an evaluation board.

ip
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terizing the actual CPW lines, however, the signal transition part
hinders the de-embedding of the external feed lines since the
transverse electromagnetic field expands toward each line.

When designing the circuits, the pillar transition and CPW
lines must be characterized independently. Therefore, we
propose an experimental technique to model the flip-chip CPW
lines without signal transition pillars. This experiment is based
on the reversed-structure flip-chip, which consist of a CPW line
chip and lid ground. The CPW lines are measured with the lid
ground attached to the pillar. By using this technique, the
characteristics of the transmission lines can be evaluated without
affecting signal transition through the pillars. We obtained Zy =
49.0 ohms, E¢p = 5.41 and Attn = 0.300 dB/mm from measured
data for a line width of 20 um, a ground-to-ground spacing of 60
um and a pillar height of 20 pm. We also obtained a Z) = 55.9
ohms, Eer = 6.33 and Attn = 0.241 dB/mm with the same line
widths and ground-to ground spacing for the line without the lid
ground. As mentioned in the previous section, the CPW line and
the ground on the substrate interact. These results are in close
agreement with simulation results and indicate that W-band flip-
chip MMICs with CPW line can be designed using the quasi-
TEM mode approximation.

MMIC Chip Set For Automotive Radar

We developed a 76 GHz chip set for automotive radar,
consisting of a 76 GHz amplifier, a 76 GHz mixer, 76 GHz
SPDT switches, a 38/76 GHz frequency doubler, a 38 GHz
voltage-controlled oscillator (VCO) and a 38 GHz buffer

amplifier, The two-stage amplifier had a small-signal gain of
10.6 dB at 76.5 GHz. The singly-balanced mixer had a
conversion gain of -4 dB at 76 GHz LO frequency for an LO
power of -1 dBm. The 76 GHz SPDT switch exhibited an
insertion loss and isolation at 76.5 GHz of 3.4 dB and -17 dB,
respectively. The 38/76 GHz frequency doubler IC had a
conversion gain of -3.7 dB for a 38.25 GHz input signal power
of 3 dBm. The 38 GHz VCO used a reverse channel HEMT
configuration to generate sufficient negative resistance and
reduce the size of the source feedback circuit. The 38 GHz buffer
amplifier had an output power of -0.7 dBm at 39.6 GHz. Figure
4 shows an SEM photo of the flip-chip MMIC, indicating the
amplifier chip on the evaluation board.

In conclusion, we have successfully developed a HEMT
MMIC technology for 76GHz automotive radar. The wafer
process is based on 0.15 um InGaP/InGaAs HEMTs, with a
maximum stable gain of 9 dB at 76 GHz. and interconnecting
pillars for flip-chip bonding. The flip-chip technology uses gold
micro pillars and tin metallization on an alumina substrate.
Results of reliability tests indicate that the flip-chip bonding is
very resistant to thermal and mechanical stresses, and thus is
suitable for practical use. For designing flip-chip mounted
MMICs for the W-band, we proposed an experimental method to
model face-down CPW transmission lines. By using this model,
the chip set was designed and fabricated. and achieved sufficient
performance for 76 GHz automotive radar systems. The results
indicated that our MMIC technology is promising for achieving
low-cost 76GHz automotive radar systems.

Custom epitaxial solutions . . .

i & ]

spire OPTOE

EPITAXIAL
WAFERS FOR:

Spire Optoelectronics - a leader in providing high-
quality, III-V semiconductor materials and devices
offers you customized solutions for all your electronic
and optoelectronic epitaxial wafer needs.

CUSTOM STRUCTURES
LASERS

VCSELs

SOLAR CELLS
PHOTODIODES

HBTs
THERMOPHOVOLTAICS

Spire can provide integrated MOCVD epitaxial
growth and device fabrication environments for R&D
projects, prototype engineering development
programs, and small-to-medium volume production
orders. Our in-house reactors and semiconductor
operations are housed in a modern, 5,000 square foot
cleanroom facility backed up by an extensive array of
processing and analytical services. Materials range
from binary GaAs and InP through ternaries such as
AlGaAs, InGaAs, and GalnP, to quaternaries including
InAlGaAs and InGaAsP. Certain antimonides and
nitrides are also available. Wafer sizes range from 2
to 4-inches depending on material and other
specifications.

We have the experience and capability to provide
truly customized epitaxial wafers and semiconductor
processing services. We provide gquality service
performed by experienced and dedicated personnel in
the strictest of confidence. Call, fax, or email us
with your requirements.

SPIRE CORPORATION

One Patriots Park

Bedford, MA 01730-2396/USA

Toll Free within U.S. 1-800-510-4815
781-275-6000/FAX 781-275-7470
EMAIL optosales@spirecorp.com

WEB www.spirecorp.com

pire
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sterling semiconductor

Finally, there’s a real choice in silicon carbide
substrate vendors.

Sterling provides customers with a full range of SiC substrates and
related services, and has the capacity to ship thousands of wafers annually.

Surhng Semiconductor, Inc. (Sterling) is a rapidly growing
supplier of 2-inch (51-mm) and 35-mm 4H and 6H
silicon carbide (SiC) substrates. Based in Northern Vn‘glnia.
Sterling is a subsidiary of Novecon Technologies Cor poration.

Sterling was established in 1996 on the basis of a unique
SiC cry stal growth technology that was developed in Russia by
two of the co-founders of Sterling.

In 1998, the company gained substantial additional
capacity, technology, expertise, and an ISO-certified wafer
production process, with its acquisition of the silicon carbide
wafer production assets of Epitronics, a division of ATMI,
Inc., in Danbury, CT [NASDAQ: ATMI]. Today, Sterling is
shipping substrates to customers in North America, and to
Japan and Europe through its local representatives.

Silicon carbide is a third generation semiconductor material,
and due to the novel properties of SiC, this remarkable
material is capable of extending semiconductor electronics
beyond the limits of silicon and g gallium arsenide.

Sterling foresees four main application areas for SiC as a
substrate for SiC and GaN epitaxy:

* blue opto-electronics
* high temperature electronics
* wireless communications

* high power electronics
New Products

Sterling introduced
its 2-inch (51-mm) 4H
and 6H SiC wafers
pmduud in Danbury,
CT, in February 1999,
and already has these
wafers under
qualification with key
customers worldwide.
[n the near furture,
Stcrfing will introduce
SiC epirtaxial services.
In the longer term, the
company pl;m.\ to offer

Sterling Produces
2-inch and 13/g-inch Wafers
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application-engineering services for SiC-based devices.
Sterling aims to provide customers with a full portfolio of

SiC substrates and related services. In doing so, Sterling will

provide a means for its customers to quickly develop and rest

SiC devices.
ISO 9002 Certified Production Process

Sterling’s Danbury, CT facility, which is co-located with
ATMI, is ISO 9002 certified. SiC crystal growth is
performed in highly automated equipment with precise
process control. This ensures that customers have a reliable,
consistent supply of substrates from a world-class facility.
Sterling is committed to on-time deliveries of substrate
products that meet customer expecrations. [n addition,
Sterling has the capacity today to ship thousands of wafers
annually - and can bring additional capacity on line with
relatively short nortice.

Sterling’s SuperPolish

[n addition to SiC crystal quality, xu:i ice finish is also
critical in determining the quality of epitaxy and device yields.
A proprietary plmus employed by Sterling has achieved RMS
surface roughness of <10 J\Iwmnmx Because the company

AFM m.*/_v.f.{\‘ of Wafer Surface
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produces its own epi, Sterling knows what it means to have a
truly LPI[JM’ ready surface, without the need for extensive,
pre-epi cleaning or other surface prep, and with little sub-
surface d.]l“dDL

Quality Assurance

Sterling uses a full array of state-of-the-art characterization
equipment to assure customers of a quality substrate product.
[n particular, Sterling is capable of providing the following
measurements on its substrate products:

@ X-Ray Rocking Curve Analysis to measure crystal quality

@& Atomic Force Microscope (AFM) Analysis to measure
surface quality

@ Automated Micro-pipe Counting and Mapping to measure
defects

@ X-Polarizer Imaging, an easy way to measure crystal quality

& Nomarksi View Microscopic Analysis to 1000x for wafer
inspection

X-Ray Rocking Cm ve A;m[ym

A Commitment to R&D

The mpld success of Sterling is made possible by a long-
term commitment to R&D. In combination with U.S.
government support and its own funds, Sterling is pursuing a
multi-million dollar R&D program in partnership with
ATMI. The results are already apparent: 2-inch wafers and a
SuperPolished surface have already been realized. The current
R&D program aims for 3- and 4-inch wafers, with large
micro-pipe free areas.

The Sterling Silicon Carbide Team
[n combination with ATMI, Sterling has a world-class,

international team of scientists and engineers. These experts,
who have decades of combined experience in silicon carbide

Micropipe Counting and Defect Imaging

development for semiconductor applications, are dedicated to
improving Sterling’s technology. The company’s managerial
team and Board of Directors have many years of experience in
bringing new technologies to market successfully -
accomplishments they intend to repeat with SiC and Sterling
Semiconductor.

Information

More

Please contact Sterling Semiconductor at:

USA:
Jim LeMunyon
Tel: 703-834-7535 x206
Fax: 703-736-3443

e-mail: jlemunyon@sterling-semiconductor.com

Europe:
Wiafer Technology, Ltd.
Tel: +44(0) 1908 210 444
Fax: +44 (0) 1908 210 443
e-mail: klamb@wafertech.co.uk

Japan:
New Metals and Chemicals Corp.
Tel: 03-3201-6585
Fax: 03-3271-5860

e-mail: nemechem@mail.mind.ne.jp

or Visit
www.sterli ng-sem iconductor.com

Compound Semiconductor March 1999 51



|NEW DEVICES

Cellular LNA/mixer IC from TriQuint

TriQuint’s TQ5121 is a 3V LNA
and mixer IC.

Switches and Attenuators With Integral ASIC
Drivers from M/A-COM

Lowell. M ‘\
(MCMs) «
ASIC dnvers.

i multi-chip modules
1 silicon CMOS
package solu-
omponent count
t of the plastic prod-
try are packaged uti-
said Don
\I A-COM. “We
1O SiX ¢ mnpn'umx '
1s a senies of DC-3
\I\HL switches with integral
ASIC -'i'.".'-'f.’ . ' use in wireless infrastructure
] I'he AT65 product family is a
,H/ J..i As FET MMIC digital
tegral ASIC drivers,
for both transmit and

samnanante ™
COMPpONcnis.

GHz GaAs

VACOM

L
M/A-COM
announced a family of digi-
tal attenuators with integral
ASIC drivers, in surface I applications in wireless communica-
mount multi-chip modules. tions systems.

recently

1
| §iw 8

MODE Introduces 1x12 VCSEL Array

Albuquerque, NM. MODE. a division of Emcore. has introduced the
Gigarray, a 1x12 array of 850 nm VCSELSs designed for the gigabit data commu-
nication market. The new array is designed to enable parallel optical links with
aggregate throughputs of up to 15 Gbps in high performance computer centers,
workstation clusters and telecom cross-connect switches. The Gigarray product

vill be supplied to major OEMs such as AMP. which alre dd\ markets pamlh.l
111’)&.1’ optic data links under the trade name “Lightray MPX". [see CS 4(3), p. 34].

HP Introduces High
Brightness LEDs with
Integrated Lenses

Palo Alto, CA. HP has launched a series
of surface-mount, chip-type LEDs
equipped with integrated lenses which
concentrate the emitted light into a typi-
cal 70 degree viewing angle. The on-axis
light intensity is double that produced by
non-lensed surface mount chip LEDs
using the same active die. This makes the
new LEDs particularly suitable for illu-
minating buttons and switches on panels,
and for transferring the maximum
amount of light to optical pipes used to
illuminate panel legends. They are an
ideal choice for backlighting legends on
radios and other dash-mounted devices in
automotive interiors, and are also suit-
able as status indicators on computer
panels, data communications equipment,
office-automation equipment (printers,
fax machines. copiers etc) and many
types of industrial equipment.

The luminous intensity of all the
units is specified at 20 mA, for a 70°
viewing angle, and prices are quoted in
10k-50k quantities. AllnGaP LEDs,
priced $0.24, are available in red (626
nm) and red-orange (615 nm) at 100 med,
and in orange (605 nm) and amber (590
nm) at 130 mecd. AlGaAs red LEDs at

639 nm have a luminous intensity of 32
med and are priced at $0.17. GaP LEDs,
priced at $0.15, are available in orange
(604 nm) and yellow (586 nm) at 10 med,
and in green (57

nm) at 18 med.

Hewlett Packard

HP’s new surface-mount LEDs with
integrated lenses are ideally suited for
applications in automotive interiors,
such as backlighting legends on radios.




The Core of Advanced
Communication Technologies

Call Us T()day For: » Implant ready VGF GaAs Wafers
> 150 mm VGF GaAs Wafers
» 2”and 3” VGF InP Wafers
> 100 mm VGF Ge Wafers
» 27 VGF GaP Wafers
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USA Head Office
American Xtal Technology
4311 Solar Way

Fremont, CA 94538

Tel: 510-683-5900

Fax: 510-683-5901
Email: sales@axt-vgf.com

Japan

AXT-Japan

565-15 Kitano-Machi

Hachioji, Tokyo 192, Japan

Tel: (81) 0426-56-2032

Fax: (81) 0426-56-6G885

Email: axtjapan@ecg.netlapura.ne.jp

France & Germany
SO.FRAS.IL

109 Rue De Javel
75015 Paris, France
Tel: (33) 1-4554-4000
Fax: (33) 1-4554-4004
E-mail:

ralph_hananel@compuserve.com

United Kingdom

West Associates

46 Leigh Road, Cobham, Surrey
United Kingdom, KT11 2LD

Tel: (44) 1932-868-006

Fax: (44) 1932-860-932

E-mail: mwest@westassociates.co.uk

Taiwan
Conary Enterprises Co., Ltd.
10 F-2, No. 33, Sec. 2
Chien-Kuo North Road
Taipei, Taiwan, ROC
Tel: (886) 2-2509-1399
(886) 2-2509-3174/5
Fax: (886) 2-2501-6279
E-mail: conary@top2.ficnet.net.ow

Korea
Dong Kyung Electronic Industry
Co., Lid.
#302 Daegun Bldg.
677-1 R‘\'L'l\l\'\\'.l[‘li Dung‘
Kangnam-Gu
Seoul 135-080, Korea
Tel: (82) 2-569-6723/5
(82) 2-568-5261/2
Fax: (82) 2-561-1185
E-mail:
dkekorea@nownuri.nowcom.co.kr



NEW DEVICES

20 W Ku-band GaAs FET from Toshiba

Irvine, CA. The TIM1414-20 is described by Toshiba America Electronic
Components, Inc. (TAEC) as the industry’s first 20 W internally matched
GaAs FET operating within the Ku-band. The product operates in the
14.0-14.5 GHz range and offers
superior power, gain and efficien-
cy compared to travelling wave
tube (TWT) products, for applica-
tions in satellite base station com-
munications transmitters and very
small aperture terminals. Typical
P1dB is 43.0 dB, with a power
added efficiency of 26.0%. The
device, in a hermetically sealed
package, costs $1,100 in 1,000

High Power IREDs
from Dora Texas

Houston, TX. Dora Texas Corp. announced the
availability of a new type of high power IR-emit-
ting diodes, capable of producing SW/sr at 880
nm when pulsed with 2 A. The device provides an
on-axis intensity of up to 500 mW/sr from a sin-
gle double-double heterostructure AlGaAs die
measuring 15 mil2, The company also offers
LEDs operating at 660 nm, 730-760 nm, 800-880
nm and 900-4000 nm using AlGaAs, GaAsP and
GalnAsSb die, and plans to offer epiwafers in the
near future.

&2

quantities.

GaAs HBT Amplifiers
from RFMD

Greensboro, NC. RFMD has introduced several new
GaAs HBT amplifiers for digital communications sys-
tems.

The RF2119 is designed for use as the final RF
amplifier in handheld digital cellular equipment,
spread spectrum systems and other applications in the
800-960 MHz band. Operating from a single 2.0-5.0 V
power supply. the device offers 30 dBm output power
at 2.5V, 30 dB small signal gain and performs at more
than 50% efficiency.

The RF2302 broadband linear variable gain
amplifier is designed for digital communications sys-
tems that require linear amplification over a wide gain
control range. The device operates in the 100-2000
MHz range, and is tuned to a specific frequency band
with an output bias feed inductor and blocking capaci-
tor. Operating from a single 3.0-6.0V power supply,
this part features a 25 dB linear gain control range. At
836 MHz, the RF2302 delivers a maximum gain of 14
dB with an output 1dB gain compression of +14 dBm;
at 1900 MHz, the maximum gain is 10 dB with an out-
put I dB gain compression of +10 dBm.

Two new 3V GaAs HBT PAs are designed for use
in digital subscriber PCS and cellular units where low
transmit noise is a concern. The RF2324 is a low-noise
CDMA/TDMA PA with a very high dynamic range,
designed for PCS applications at 1880 MHz. The
RF2347 offers low noise and a high intercept point for
cellular applications at 830 MHz, and operates from a
2.5-6.0 V power supply. Both RFICs have an operating
range of 150-2500 MHz, and feature an on-board
power-down feature that can be used to turn off the
device completely.

IR Data Transceivers from Siemens

Cupertino, CA. The Optoelectronics division of Siemens
Microelectronics, Inc. has announced a new family of infrared data
transceivers which combine low power consumption, variable data rates
up to 4 Mbps, and very small size. They are designed for use in hand-held
battery powered equipment such as cellular telephones. laptop comput-
ers, and personal digital assistants (PDAs), and provide wireless data
links to other devices, such as printers or desktop computers. The IR data
transceivers consume very little power in receive standby mode, typical-
ly 90 pA at 2.4V, and 0.01 pA in shutdown mode. In addition, the new
parts are housed in a Slimline™ package, measuring only 4.0 mm x 4.8
mm x 9.8 mm, which enables low-profile designs. The devices incorpo-
rate a mode selection pin that toggles the transceiver between high data
transfer rates (4 Mbps) and low data transfer rates (1.152 Mbps to 9.6
kbps).

“These IR data transceivers are just one part of the new generation
of optical components from Siemens Microelectronics designed for the
latest trends in wireless data transfer design,” says Bob Lewis, Business
Unit Manager for Siemens’ custom optoelectronics products. “By com-
bining Siemens’
[optoelectronics]
expertise with state-
of-the-art BiCMOS
circuitry, the new
parts bring together
higher data transfer
rates and low power
consumption in a low-
profile  transceiver
package that is ideally
suited for small form
factors where power
consumption s an
issue.” Pricing is less
than $3.00 in volume.

slenmens

Siemens’ new IR data transceiver combines
high data transfer rates and low power con-
sumption in a package measuring 4.0 mm x
4.8 mm x 9.8 mm.



NEW DEVICES

Fujitsu Announces Millimeter-wave
Power Amplifier MMICs...

San Jose, CA. Fujitsu Compound Semiconductor, Inc. (FCSI)
has announced two new GaAs MMIC PAs for base stations and
customer premises equipment in Local Multipoint Distribution
Service (LMDS) systems. The devices are manufactured on a
0.25 um gold gate GaAs MESFET process. The FMM5802X is a
2-stage, LMDS band (26 - 32GHz) MMIC with 9dB gain and
27- 28 dBm (>0.5 W) P1dB output power. The FMM5804X is a
4-stage, wide band (15 - 32 GHz) MMIC offering 20 dB gain and
a P1dB output power of 25-27 dBm (>0.3 W). This part can be
used over the full range of two-way radio links in the 15-32 GHz
spectrum. “The FMMS5802X and FMM5804X have been spe-

: - cially designed
with  improved
power  supply
efficiency and
reduced power
drain for remote

E ] ~
[ - rooftop and
W w Gt S BB =~ tower applica-
Fujitsu’s FMMS5804X is a 4-stage 15-32  tions.” says Gene

GHz GaAs MMIC for two-way radio link
applications including LMDS. Chip size is
2.65 mm x 1.45 mm.

Brannock, VP of
Marketing and
Engineering for

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

DAY AFTER DAY.

B Dice I1I-V material, thin silicon, sapphire, glass, and ceramic
M Sawframe or hoop presentation for pick and place operation

B Proprietary scribe tools perform repeatedly in rote fashion on all materials
M Scribe tool change requires only three minutes

B Automatic computer control utilizes
Windows 95° and Starflight Vision System

B Clean, cosmetically perfect dice

W Unequalled throughput

FCSI. “These devices are being offered to ease design efforts
with the migration of radio link systems from lower frequencies
(3-10GHz) up to the over-20GHz radio bands.”

...and a Family of GaAs Power FETs
for 3-15 GHz Radio Links

FCSI also recently announced a broad new product line of
50 ohm internally matched GaAs power FETs. Over forty new
FLM-F series part numbers are available in the 3-15 GHz range.
The FLM-F series devices are manufactured using a highly reli-
able, space certified process originally qualified in 1993 and ver-
ified by over five years of satellite production, resulting in
improved device ruggedness and reliability. The use of gold for
gate and capacitor metallization also enhances the gain and P1dB
power output characteristics, resulting in higher efficiency and
lower distortion over a wider bandwidth. As an example, the
FLMI1415-12F delivers over 40dBm (10 W) at 14.5-15.3 GHz.
3, 6 and 8 W versions are also available. For most frequencies,
P1dB power options range from 4-35 W in 2dB increments. Gain
ranges from 9.0 dB for frequencies under 6 GHz to 5 dB at
15GHz.

FCSI's products for the North American market are manu-
factured by Fujitsu Quantum Devices at the world’s largest com-
pound semiconductor operation, located in the prefecture of
Yamanashi, Japan.

Scribe and break the new Loomis way.
Call or write today for complete details...

LOOMIS

1210 Church St.

St. Helena, CA 94574
Phone: 707-963-4111
Fax: 707-963-3753




New Broducts/
New lhiteratire

Subsurface Defect Detection
System, An Innovative Tool For

miconductor Industr
Thin Film Measurement System The & y
Huntington Beach, CA .

San Diego, CA. Are you involved in The PBS-1000 Fast
the application of “oxides, poly- Mapper by VTI®, Inc.
imides, silicones, or other dielectric subsurface  measure-
layers2  Then you understand the ment system maps the
importance of controlling the thick- level and distribution of
ness and composition of these criti- subsurface defects in Si
cal materials. and GaoAs materials.
The defects of interest

Until now, measuring thickness and
refractive index required a substan-
tial investment in both equipment and training. Filmetrics
offers revolutionary fiberoptic based thin-film measure-
ment tools that represent major breakthroughs in cost-
effectiveness and ease-of-use. If you need to measure
thin-films, and you donit want to spend $50,000 or more
on conventional measurement equipment p|ecse contact
Filmetrics and request a copy of our new brochure.

For more information, contact:
Filmetrics Inc.
10655 Roselle Street, Suite G, San Diego, CA 92121
phone: 619-554-0005

are typically introduced

into Kz muf);riq| during the surface finishing process. This
includes sawing, gringing, lapping, polishing and clean-
ing. Other defects, such as those introduced during the
reposition of thin films or layers (epitaxy), and those intro-
duced during other processes such as ion implantation are
also easily detected. The PBS® defect detection method
can map 8" wafers in 15 minutes with a 0.001 ppm/Sr
scattered light detection level.

For more information, contact:
Philip Blaustein, Ho[ogenix
15301 Connector Lane

Huntington Beach, CA 92649
phone: 714-903-5999
fax: 714-903-5959

fax: 619-554-1311
e-mail: info@filmetrics.com. or wwwiilmetrics.com

New High Speed Parallel Seam Sealer From Solid State
Handles Parts In Matrix Tooling

Horsham, PA-A new high speed sealing system from Solid State E?uipment

Corporation implements the parallel seam sealing process for weld sealing of parts in
matrix tooling. The Model 2200e Matrix Sealer has features throughout that offer
high yields, [%wes’r device temperature, and accurate, contamination-free lid place-
ment. Tool-less lid alignment supports sealing of lower cost flat lids.

The parallel seam sealing process is superior because it seals the package effectively
while the actual device temperature remains low. The process also allows dynamic
control of digital sealing power and speed, so that difficult package shapes can be
sealed as readily as simple shapes.

Automatic features of the Model 2200e Matrix Sealer include a vision system for accurate lid placement that examines both
the entire lid and the entire seal ring. Extremely precise mechanics driven by brushless servo motors ensure rapid, accurate
operation. Automatic package and height defection eliminate arcing, while Feedback-controiled electrode force ensures uni-
form sealing. Electrodzs are inexpensive, and are easily changed when package requirements change.

.Solid State Equipment Corporation manpf’octures a f‘u‘” |ir]e of hermetic package sealers and spindle cleaners/processors at
its headquarters in suburban Philadelphia. SSEC maintains sales and service offices worldwide, and customer support and
process development centers in Horsham, Pennsylvania, Fremont, California, Regensburg, Germany and Tokyo, Japan.

For more information, contact:
Marianne Matthews at SSEC
phone: 215-328-0700
fax: 215-328-9410.




Blue Ammonia® for Blue Lasers

Blue Ammonia® from Solkatronic Chemicals, with a minimum
Furily of 99.99994% is the highest purity available. It is designed
or use in ultra sensitive Gallium Nitride (GaN) processes

Thinking Blue?

: R. producing blue lasers and blue LEDs. Blue Ammonia is packaged
Think Blue Am*'“a' in microPure(r) cylinders, and a C of A with complete gas and

liquid phase metals analysis, accompanies each shipment. Blue
Ammonia Specifications

Argon < 20 ppb
Oxygen < 100 ppb
Carbon Dioxide < 100 ppb
THC (as Methane) < 50 ppb
Carbon Monoxide < 50 ppb
Water < 200 ppb
Hydrogen < 100 ppb

Specifications i Contact:
: o | e Solkatronic Chemicals, Inc.
30 Two Bridges Road
Fairfield, NJ 07004
Tel: 973-882-7900
Fax: 973-882-7967
Toll Free: 800-521-3981
Internet: solkatronic.com Attn: Nancy McGrath

Rochester, NY. CVC, Inc. introduces its GaAs CoNnexion® Cluster
Tool, designed to provide integrated process solutions for advanced
GaAs device fabrication. CVC has proven processes for depositing
thin films for the following GaAs applications: Schottky gate, gate
overlay, Ohmic contact, adhesion/seed layer for thin film resistors
and dielectrics. CONNEXION® process modules may be configured as
stand-alone systems to provide cost-effective and fast unit process
development. The MESC-based design of CVC's CONNEXION® system
hardware and control architecture allows rapid transfer from pro-
cess development to manufacturing. Dual load locks enable parallel
sequencing processes in the same tool. CVC's patented INFINITY™ magnetron achieves excellent thick-
ness uniformity while maximizing target utilization.
CVC's GaAs Connexion® offers the industry’'s most
advanced deposition control featuring the latest DC
and RF power supply technology that may be
optimized for throughput and deposition rate control.

For more information contact

CVC, Inc.

525 Lee Rd.

Rochester, NY 14606 USA

TEL [1] 71B-458-2550

FAX [1] 716-458-0424

Visit us at Booth #1 at the 1999 GaAs MANTECH Email: webmaster@cvc.com or visit

Conference - 4/19-4/20 Vancouver, B.C. Canada WWW. CVC. COM




RESEARCH REVIEW

Micromachined Passive Devices in a Standard

GaAs HEMT Technology

Ithough transistors are readily available with sufficiently high

fr for many RF applications, MMIC performance is often lim-

ited by the passive components in the circuit. Transmission
lines, inductors and transformers all suffer low performance at high
frequencies due to substrate losses and parasitic capacitances. One
option for reducing these losses is to suspend the components, using
either free-standing or membrane-supported structures, creating an
air-gap between the suspended. shielded wires and the substrate.

The work described here is a collaboration between several
French groups from the TIMA and LEMO Laboratories in Grenoble
and the LEAME Laboratory of the Ecole Centrale de Lyon. Various
papers* describe the use of front-side. bulk micromachining to create
free-standing, passive components such as spiral transformers and
inductors. These structures are fabricated by a maskless, wet etching
process, which is compatible with the 0.2 um GaAs HEMT technolo-
gy used to fabricate the active components in the MMIC. The micro-
machining process is carried out after [C fabrication; the passivated
electronic components are unaffected by the etching process.

Depositing spiral metal transmission lines on top of dielectric
spirals forms spiral inductors or transformers. The areas inside the
spiral are left open to expose the GaAs substrate. After passivation,
except where the substrate is exposed, the die is dipped into the etch-
ing solution, and the bulk substrate under the spiral is etched away
[see figure 1]. In large structures, such as the 7 turn spiral transformer
shown in figure 2, dielectric arms at the corners of the structure pro-
vide mechanical support. The metal transmission lines marked
“underpass” provide electrical connections to the center of the spiral.

The suspended structure with mechanical supports is very robust,
and the free-standing spiral has an etch time approximately 10x less
than the membrane-supported alternative, reducing the possibility of
damage to the rest of the IC during etching. The required etch depth
is small, since the effective permittivity decreases exponentially with
etch depth. The capacitance between the wires and the backside
ground plane can be reduced by a factor of two by removing only 5%
of the substrate material beneath the metal line. One important factor
to be incorporated into the design is the temperature rise which occurs
when current flows in the spiral, since the substrate is no longer able
to act as a heat sink.

Even with non-optimized transformer geometries, parasitic
capacitances were reduced significantly using the micromachined
structures, allowing a higher maximum operating frequency. The
quality factor (Q) of free-standing inductors and the self-resonant fre-
quency both increased by 60%. The technology is likely to prove
advantageous in many RF circuits such as filters [see figure 3].
matching networks and low noise amplifiers.

*See R. B Ribas et al., Mat Sci. Eng. B, 1998, 51(1-3), p. 267; R. P Ribas et al, IEEE
Electron. Dev. Lett., 1998, 19. p. 285; R. P Ribas et al, Proc. IEEE GaSa IC Symp.
1998, 255..J. Lescot et al. Proe. 10th Microcoll Conf., 1999
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Open areas

; Metal transmission line
for etching

Dielectric (SiOy)

jmlm oy -

Underpass

100 um thick GaAs substrate

Backside ground plane

Figure 1. Cross-section of a suspended planar spiral
inductor. Metal transmission lines are deposited on a
spiral of dielectric material, and the underlying GaAs
substrate is etched away through open areas to leave
a free-standing structure. The underpass provides an
electrical connection to the center of the spiral.

tMagn Del WD Exp
E SE 3 6
Figure 2. A micromachined, 7 turn planar spiral
transformer. Dielectric “arms” at the corners of the
suspended structure provide mechanical support.
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Figure 3. A filter incorporating 2 suspended
inductors.



SIMBDLINT

HSEMICONDUL 1 OR

Compound Semiconductor
working with
European Microwave Week

as a Media Partner

VAV E

IGM INTERNATIONAL CONGRESS CENTER
MUNICH - GERMANY - 4-8 DCTOBER 1998

BUY 1398’s PROGEED-
INGS

We are able to offer the proceedings from 1998
at £75 ($123) + postage and packing.

The conference, chaired by Giuliano Gatti of the
European Space Agency, covered 28 sessions, in
which 120 papers were presented. These are all
fully documented in the proceedings, which
amounts to over 700 pages.

To purchase this digest either go to our website
or contact Nicola Jedrej on the numbers below.

GAAS®99

PART OF
EURDPEAN MIGROWAVE
WEEK 1993

For 1999, the GaAs conference will again be
altracting the highest quality speakers. This helps
to make it not only the largest GaAs conference in
the world, but to ensure that the papers are the
most technically advanced and innovative for unri-
valled conference based learning.

Speakers confirmed for the 1999 programme
include:

Mr Makaihora — Kyocera, Japan

Mr Ali Fazal — Nokia Mobile Phones, USA

Dr Aiden Higgens — Rockwell Science Centre, USA
Dr Charles Huang — VP Anadigics, [USA

Dr. M Rocchi — Philips, France

To be included on the registration database please
contact Nicola Jedrej on the numbers below.

:‘5 231
er Freemar

GONTAGT DETAILS

For more information please contact Nicola Jedrej at European Microwave Week.

Tel: +44 (0)171 861 6391, Fax: +44 (0)171 &

6251, Email: nicola.jedrej@unmf.com

Or purchase on line at http:/www.eumw.com




RESEARCH REVIEW

Compound Semiconductor Materials
- Emission Studies of Nitride-based Materials

Deep Ultraviolet Stimulated Emission from AlyGaj.xN

T.J. Schmidt et al, Appl. Phys. Lett. 1999, 74(2), p. 245

For the UV (190-350 nm) region the group II1 nitrides, in particular laser diodes and
photodetectors based on AlGa.,N, are interesting candidates for satellite commu-
nications, the remote sensing of contaminants, and for medical applications. Also, UV-
emitting diodes are required as the light source for the next generation of white LEDs
[see CS 5(1), p. 32]. Although there are many reports of AlGaN-based UV photode-
tectors, there has been very little research into UV diode lasers using this material.
This paper. from Oklahoma State University and Honeywell Technology Center,
reports room temperature stimulated emission from Aly2¢Gag 7sN at 328 nm - this is
the shortest such emission wavelength ever reported for a semiconductor. The 0.8 pm
thick Alg26Gag 74N active region was grown at 1050°C by MOCVD on sapphire using
an initial 625°C 50 A thick AIN buffer layer. The device was optically pumped at 310
nm by a Nd3*:YAG laser focused onto the edge of the specimen. The resulting stimu-
lated emission is red-shifted from the spontaneous emission peak and centered on a
wavelength of 328 nm (see figure). The results illustrate the suitability of AlGa; (N
based heterostructures for extending the range of semiconductor laser diodes deep into

Intensity (Arb. Units)

310 315 320 325 330 335 345 345
Wavelength (nm)

QAP 1999

Room temperature emission spectra for
Aly 26Gag 4N at values above and below
the threshold current, showing stimu-
lated (SE) and spontaneous (SP) emis-
sion. The SE peak is centered at 328nm,
deep in the UV - this is the lowest wave-
length for room temperature SE ever
reported for a semiconductor.

the UV region.

Intense UV Photoluminescence from
In-doped GaN

X-Q. Shen & Y. Aoyagi, Jon. J. Appl. Phys.,
1999, Part 2 HA/)é)gp FM A

his paper, from the Japanese research organiza-

tion RIKEN, reports an alternative approach to
achieving UV emission from GaN-based materials.
The method involves doping a GaN layer with In at
high growth temperatures, which results in a 35x
increase in room temperature PL compared to
undoped GaN. GaN films were grown on sapphire
by GSMBE. The growth temperature was varied in
the 690-800°C range, which is much higher than
normal InGaN growth temperatures, resulting in a
very low level of In incorporation. Only the GaN
peak was observed by X-ray diffraction of the In-
doped GaN film, with no evidence for the formation
of InGaN alloy. The PL intensity of each film was
highly sensitive to the growth temperature and the
temperature of the In K-cell. The peak position of
the GaN:In film (centered at 365 nm) and the
FWHM linewidth were very similar to the undoped
GaN films, however the PL intensity was much
greater for GaN:In. The brightest sample showed a
35x increase in PL intensity relative to GaN. The
authors suggest that the compensation of non-radia-
tive centers by In doping may have a role in enhanc-
ing the PL intensity.
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Green Light Emission

from GalnNAs

S. Sakai & J. Wang, Jpn. J. Appl. Phys., 1998, Part 2 (128B],
p. L1508
Fubric:uinn of green InGaN-based laser diodes has so far proved to be
unsuccessful. Green emission requires a high In composition in the
InGaN active region, resulting in a large lattice mismatch between these
layers and the AlGaN/GaN cladding layers. Another approach is to use
the quaternary alloy GalnNAs with a small amount of As, which has a
bandgap corresponding to the 400-600 nm wavelength region. Obtaining
sufficiently high material quality in this system is problematic due to
thermodynamic phase separation between the arsenide and nitride alloys.
At the other end of the compositional range, GaAs-based 1.3 um lasers
with a Gag 7As3Np01Asy g0 active region have been demonstrated.

This paper, from the University of Tokushima, Japan, reports the
first instance of room temperature green light emission from a
GalnNAs/GaN superlattice, in which the active region has an estimated
As composition of 10%. The samples were grown by atmospheric pres-
sure MOCVD on a sapphire substrate, and consisted of 2.5 um GaN, a 10
period MQW of GaN/InGaN/GalnNAs/InGaN, and 0.1 um GaN. All lay-
ers were undoped and the MQW layer thicknesses were estimated as 0.7
nm, (.23 nm, 0.23 nm and 0.23 nm respectively. Comparing room tem-
perature photoluminescence spectra, the InGaN/GaN MQW had a single
peak at 401.2 nm while the sample containing the GalnNAs layers had
several PL peaks in the 500-600 nm range, with an intensity 5-6x higher
than the InGaN/GaN MQW. The precise origin of these peaks is unclear
at present, but they are clearly associated with the inclusion of GaInNAs
in the structure.



RESEARCH REVIEW

Microelectronic Devices and Circuits

Base Station HFET Amplifiers with > 100W Power

S. Goto et al, Proc. IEEE GaAs IC Symp., 1998, p. 77;
|. Takenaka et al, ibid, p. 81

ext generation personal digital communication systems in the

1.8-2.2 GHz range require linear base station transmitter
amplifiers with output powers in excess of 100 W. Both these
papers report the use of GaAs/AlGaAs heterostructure FETS,
which offer improved maximum drain current and gate-to-drain
breakdown voltage compared to MESFETSs, as well as precise
recess etch depth control. In both cases, 4 HFET chips were com-
bined in a push-pull configuration with internal matching circuits
to achieve 100 W output power.

Takenaka et al from NEC reported a push-pull amplifier with
an output power of 140 W at 2.2 GHz, with 11.5 dB linear gain
and 42% PAE. Under two-tone test conditions (2.2 GHz. 2.201
GHz), the amplifier exhibited low intermodulation distortion
characteristics of less than -30 dBc at two-tone total output power
of 46 dBm.

Goto et al from Mitsubishi Electric reported a 100 W FET
chip with -35 dBc IMD3 and 24% PAE at 42 dBm output power.
In order to reduce the component size and cost, the chip and pack-
age were miniaturized by lengthening the gate finger within the
limits imposed by the gate resistance. The chip size (1.41 x 2.6
mm?) and the package size (17.4 x 24.0 mm?2) are the smallest ever
reported for this class of FET.

Single Voltage Operation of HFETs with >70%
Efficiency
N. Hara et al, Proc. IEEE GaAs IC Symp., 1998, p. 198

his paper, from Fujitsu, reports a new type of enhancement mode

HFET which provides single voltage operation of PAs in mobile
phone handsets. To achieve single voltage operation and a low drain
leakage current in the off state, it is necessary to use enhancement-
mode FETs with a high current density and a high gate turn-on volt-
age Vf. It is difficult to obtain Vf in excess of 1 V using HEMTs and
MESFETs, while FETSs with ion-implanted n*-ohmic regions and high
Al-content barrier layers make it possible to achieve Vfover 1.5 V.

In a conventional FET, there are two main leakage paths between
the gate electrode and the n*-ohmic regions; one path is via the barri-
er and channel layers (path 1), and the other is directly through the cap
layer (path 2). Leakage current along path 2 is inversely proportional
to the distance from the gate to the n*-region (Ls), and increases when

Metamorphic HEMTs Grown on GaAs With
an AlGaAsSb Buffer
M. Behet et al, Appl. Phys. Lett., 1998, 73(19), p. 2760

or high frequency applications, InGaAs/InAlAs

HEMTs lattice-matched to InP substrates have demon-
strated superior gain and noise performance over pseudo-
morphic AlGaAs/InGaAs HEMTs on GaAs. However, for
reasons of cost, robustness, and crystalline quality, GaAs
substrates are preferred over InP. Several groups have
explored metamorphic (MM) InGaAs/InAlAs HEMTs on
GaAs. This paper, from IMEC, Belgium and RWTH
Aachen, Germany, reports growth of MM-HEMTSs on
GaAs, using a strain-relaxed AlysGapsAsgssSbyas buffer
layer to accommodate the 3.8% lattice mismatch between
the substrate and the IngsGagsAs/IngsAlgsAs quantum
well. The 2 um quaternary buffer was grown by MBE on a
GaAs substrate with AlAs and AISb nucleation layers. A 50
nm IngsAlpsAs layer was followed by the 20 nm
Ing sGagsAs channel, a 5 nm IngsAlgsAs spacer and Si
delta doping at 3.5 x 1012 /em2, The channel layer showed a
carrier mobility of 8500 cm?/Vs. Transistors with 0.25 x
100 um? gates demonstrated transconductance values as
high as 800 mS/mm, and S-parameter measurements
revealed a cutoff frequency f7 of 87 GHz and a maximum
oscillation frequency fix of 140 GHz

Buffer Layer

S.|. GaAs Substrate

In conventional FETs of this type, leakage current can
flow from the gate through the GaAs cap to the n*-
region (path 2). In this structure, the n*-region in the
cap is removed, eliminating path 2. The leakage current
along path 1 is independent of Ls.

Ls is shortened in an attempt to increase the maximum drain current Ids. In the new device structure (see figure), the n*-region in the
GaAs cap is removed, eliminating this leakage path. It becomes possible to increase Ids by lowering Ls, without reducing Vf. The leak-
age current along path 1 is independent of Ls and can be reduced by including a high Al content barrier layer.

The maximum value of Ids in the new FET (290 mA/mm) was 50% higher than in the conventional device, due to a reduction in
Ls from 1.0 um to 0.5 um. However, the value of Vf remained unchanged at 1.4 V. In completely E-mode FETs (Vth>0.3 V), a power
added efficiency as high as 70.6% was achieved for an output power of 33 dBm at a Vds of 3.5 V and a frequency of 850 MHz.
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RESEARCH REVIEW

Optoelectronic Devices

OPFET with 200 A/W Responsivity at 1.3 pm
M. Marso et al, IEEE Photonics Tech. Lett.,, 1999, 11(1), p. 117

aAs-based MESFETs and HEMTs have been reported to act as photodetectors in

the 0.6-0.8 um wavelength range. These devices, optimized for optical rather than
electronic properties, are know as optically controlled FETs, or OPFETs. and offer the
possibility of integration into optoelectronic circuits.

This paper, from Forschungzentrum Jillich, reports an optically-controlled,
InGaAs/InAlAs/InP HEMT which is sensitive to a wavelength of 1.3 um. The epitax-
ial layers were grown by MBE on a semiconductor-insulating InP substrate, and con-
sisted of a 200 nm InAlAs buffer, a 200 nm lattice-matched InGaAs absorption layer,
an 8 nm strained Ing 75Gag 2sAs channel, an 8 nm InAlAs spacer, 3x1012/em? Si 8-dop-
ing, a 40 nm InAlAs barrier and a 10 nm n*-InGaAs contact layer. The 0.3 pum gate
length device (see photo) has a
meander-shaped gate, avoiding the
need for air bridges or via hole con-
nections. Due to the InGaAs absorp-
tion layer beneath the channel, the
device has a very high responsivity
at 1.3 pm of up to 235 A/W with
11 uW incident backside illumina-
tion. The OPFET had a higher
responsivity than an MSM photode-
tector with the same absorption
layer thickness up to about 10 GHz.
The OPFET concept should allow
integration of high responsivity pho-
todetectors and electrically-opti-
mized HEMTSs using the same epi-
taxial layer sequence.

AL WA EYiny
SEM photo of the OPFET meander-
shaped and interlocking finger-shaped
source and drain contacts. The active
area is square (50 x 50 um?) to optimize
optical coupling with the light spot from a
glass fiber.

2,05 pm DFB Laser with 10 mW Output Power
M. Mitsuhara et al, IEEE Photonics Tech. Lett., 1999, 11(1), p. 33

his paper, from NTT Opto-electronics Laboratories, reports single mode opera-

tion of a 2.05 um, InP-based DFB laser with a CW output power of 10.5 mW at
a drive current of 200 mA. The device contains a MQW separate confinement het-
erostructure, grown on n-InP at 510°C by MOMBE. The active region consists of four
11.5 nm InGaAs QWs with 1.65% compressive strain, separated by 18.5 nm InGaAs
barriers with 0.04% tensile strain. This region is surrounded by 50 nm lower and 100
nm upper InGaAsP SCH layers with a bandgap wavelength of 1.3 um. To fabricate the
DFB laser, first-order corrugations were formed on the upper InGaAsP SCH layer
using electron beam lithography and wet etching. This was followed by a 3-step
MOVPE regrowth process: firstly, a p-InP cladding layer was grown on the corrugat-
ed surface, then p-n blocking layers were grown around the 1.5 pm wide active region,
and finally a p-InP cladding layer and p*-InGaAs contact layer were grown. The wafer
was cleaved into 900 pm long bars, and the facets were coated with SiN. The tuning
range of the wavelength was between 2.051-2.056 pum with a temperature tuning rate
of +0.125 nm/°C. The CW output power at 200 mA was 10.5 mW at 25°C, and was
over 4 mW at 55°C. The authors suggest that this laser is a suitable candidate for trace
gas sensing at wavelengths beyond 2 um.
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GaAs/AlGa;.xAs Quantum
Cascade Lasers

C. Sintori et al, Agpl Phys. Lett.,
1998, 73(24), p.3486

uantum cascade (QC) lasers are the

only semiconductor lasers operating
at and above room temperature in the
5-12 pum range, and major developments
have concentrated on the AlgaslngsaAs/
Gag.47Ing s3As/InP material system. The
output from a QC device results from
intersubband transitions and is thus inde-
pendent of the material system. This
paper from Thomson-CSF, the University
of Neuchatel and the Ecole Polytechnique
de Lausanne, demonstrates the general
validity of QC laser principles by report-
ing a GaAs-based unipolar injection QC
laser emitting at 9.4 um. Although the
general principles of population inversion
are the same as for InP-based QC lasers,
significant modifications were required to
the active region design, the waveguide
and the fabrication approach.

The QC laser was grown by MBE on
a SI GaAs substrate, and began with a
0.6 um AlgogGap 10As cladding layer and
a low-doped (4x1016 cm-3), 1.4 pm GaAs
layer. This design, which provides “dou-
ble plasmon-enhanced confinement”,
compensates for the fact that the GaAs
substrate has a lower refractive index than
the active region and cannot act as a lower
cladding layer for the waveguide. The
subsequent 1.4 um active area design con-
tains a 30 period sequence of
injectors/active regions made from
Alg33Gagg7As barriers and GaAs wells.
The upper waveguide was a 1.55 pm
GaAs layer, which was followed by a 1.0
um n-type AlgooGag oAs cladding layer
and a 0.7 pm n-type GaAs contact layer.

Lasing was achieved in pulsed mode
from a QC active region 2.5 mm long and
24 um wide with uncoated facets. A peak
output power of 70 mW polarized normal
to the layer (TM mode) was measured at
77K, and the device operated at a current
density of 7.2kA/cm? with a threshold
voltage of 11.4 V. The maximum operat-
ing temperature was 140 K.
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Contact: Marion Churchill, AVS
TEL: [1] 212 248 0200

FAX: [1] 212 248 0245
Marion(@vacuum.org
http://www.vacuum.org

Int’l Conference on I1-VI]
Compounds (1I-VI "99)

November 1-5

Kyoto, Japan

Abstract Deadline: May 20
Contact: Prof. Shizuo Fujita
Kyoto Univeristy

Tel: [81] 75 753 5364

Fax: [81] 75 753 5808
fujitasz(a kuee kyoto-u.ac.jp
http://fujita.kuee kyoto-
u.ac.jp/26kyoto/

International Workshop on
High Performance Electron
Devices for Microwave and
Optoelectronic Applications
(EDMO "99)

November

London, UK

Contact: Ali Rezazadeh

Kings College London

TEL & FAX: [44] 171 873 2879
ali.razazadeh(@kcl.ac.uk
http://www.ieee.org

Lasers and Electro Optics
Society Annual Meeting
(LEOS "99)

November 8-11

San Francisco, Cahifornia
Contact: [IEEE/LEOS

TEL: [1]732 562 3989

FAX: [1] 732 562 8434
m.estrin(@ieee.org
http//www.ieee.org/society/leos!

1999 Fall MRS Meeting

November 29-December 3
Boston, MA

Abstract Deadline: June 21
Contact: MRS

TEL: [1] 724 779 3003
FAX: [1] 724 779 8313
infof@ mrs.org
http://www.mrs.org

1999 IEEE International
Electron Devices Meeting
(IEDM)

December 5-8

Washington, DC

Contact: Ms Phyllis Mahoney
Widerkehr & Associates

TEL: [1] 301 527 0900

FAX: [1]301 527 0994
pwmahoney(@aol.com



Plan to Attend IPRM,99

Eleventh International Conference on

INDIUM PHOSPHIDE and RELATED MATERIALS
16 - 20 May 1999
Davos, Switzerland

IPRM’99 is the major conference worldwide on Indium Phosphide and Related Materials. It covers all
aspects of Indium Lhosphide and Related Materials, from bulk crystal growth and characterization, epi-
taxy, processing, electronic and optoelectronic devices, new materials and nanostructures. Since its incep-
tion in1989, the conference is growing steadily, both in the number of high-quality submitted papers and
in the number of attendees. It brings together basic scientists, technologists and device developers as well
as manufacturers and exhibitors o?lndium Phosphide related equipment, devices and characterization
techniques.
Scope of the Conference
Bulk Crystal Technology and Characterization
Epitaxy
Processin
Electron Devices
Optoelectronics
New Materials and Nanostructures

For more information visit the conference WWW site at http://www.iqge.ethz.ch/iprm99
or send your inquires by email to iprm99@iqge.phys.ethz.c

ICCBE-7

7th International Conference
on Chemical Beam Epitaxy and Related Growth Techniques

The 7th International Conference on Chemical Beam Epitaxy and Related Growth Techniques
(ICCBE-7) will be held in Tsukuba, Japan on July 27-30, 1999.

Topics to be emphasized are:
e Advances in CBE, MOMBE, GSMBE, MBE, MOVPE and Characterization of grown films and interfaces
related growth techniques Physics and device aspects of films and heterostructures
o Growth mechanisms, selective and non-planar growth, Quantum-nanostructures, Nitrides, Oxides
novel precursors New/Novel materials: new semiconductors, organic films,
* In situ monitoring and novel tools metal alloys

IMPORTANT DATES
Late News Deadline  June 5, 1999
Manuscript Deadline  June 30, 1999
Conference  July 27-30, 1999
WWW HOME PAGE
More detailed information is available from the following web site. http://solid.pe.titech.ac.jp/cbe-7

July 27-30, 1999 Tsukuba, Japan
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HP Reorganizes

On March 2, as this issue went to
press, Hewlett-Packard announc-
ed plans to split into two independent
companies. “We are taking this action
to sharpen the strategic focus of our
businesses, improve their agility and
increase their responsiveness to cus-
tomers and partners,” said Hewlett-
Packard President and CEO Lewis E.
Platt.

A new company, focused on HPis
measurement businesses, will be spun-
out of the existing company. This new
company, which has not yet been
named, will be comprised of HPs test-
and-measurement, chemical-analysis
and medical businesses. it will also
include HPis extensive compound
semiconductor activities. These busi-
nesses represented $7.6 billion of HP’s
total revenue of $47.1 billion in fiscal
1998. An initial public offering (IPO)
of 15% of the measurement company’s
outstanding shares is planned by year-
end. This offering would be the largest
technology IPO in Silicon Valley his-
tory.

The second company, focusing on
computing and imaging, will continue
to operate under the Hewlett-Packard
name and will include all of HP’s com-
puting systems, software and services,
personal computer, and printing busi-
nesses.

Industry observers speculate that
the split results from lower pricing of
personal computers, which has con-
tributed to a two-year stretch of lag-
ging stock price growth for HP. The
test and measurement businesses,
many of which are focused on fiber
optic, wireless and optoelectronics
components, have been comparatively
more profitable than the computer
businesses.

According Strategies Unlimited,
HP is the world’s largest producer of
compound semiconductor devices,
with sales of more than $800 million
in 1997, the last year for which figures
are available.

1998 Earnings Round-Up

Plus a review of recent news and financial
results for the December quarter

MARIE MEYER

ith the latest round of quarterly
earnings reports now nearly fin-
ished, it is possible to assess the

profitability of the Portfolio companies
As was the case last year,
Vitesse leads all of the companies in prof-
itability, earning $57.8 million on $200
million in revenues. Those figures are up
55% and 70% respectively in comparison

for 1998.

to last year.

In terms of revenue growth, RF
Micro Devices turned in the most impres-
sive performance,

Company  Symbol
Alpha Ind.  AHAA
Anadigics ~ ANAD
APA Optics ~ APAT
ATMI ATMI
AXT AXTI
Celeritek CLTK
Coherent COHR
Conexant ~ CNXT
Cree CREE
Emcore EMKR
Kopin KOPN
Ortel ORTL
PlasmaTherm PTIS
RFMD RFMD
SDOL SDLI
SL SLIC
Spire SPIR
TriQuint TANT
Uniphase UNPH
Uniroyal Tech. UTCI

Vitesse VTSS

ixtron = AIX
Picogiga na

lion in sales, up 160% over last year.
Another GaAs IC manufacturer, Alpha
Industries, reported the biggest improve-
ment in profitability, raising income
1200% to $16.6 million. Also showing an
impressive improvement was SDL, which
record income of $12.7 million. In 1997
the company incurred a loss of $25 mil-
lion, most of which was due to one-time
charges relating to a lawsuit.

Over all, ten of the portfolio compa-
nies reported a profit for 1998, and 11

generating $108.9 mil-  reported a loss — see tables, next page.

Closing Market Daily

Price Cap Volume P/E
Exchange Description March 4 ($M) ('000s) Ratio
NASDAQ GaAs ICs 18.25 5.75 27.88 2913 273 1766
NASDAQ  GaAsICs 13.69 4,63 21.38 201.7 202
NASDAQ Optoelectronics  6.13 4.00 7.5 521 3,818
NASDAQ Mtls& Equip  17.13 10.88 33.75 QT2
NASDAQ  Mtis & Equip 15.31 5.25 19.88 246.1 186 36.01
NASDAQ  GaAsICs 463 2.50 15.00 336 44
NASDAQ Optoelectronics  14.13 7.50 24.75 3374 120 2212
NASDAQ  GaAsICs 17.38 13.00 22.00 1649 1370 -
NASDAQ Optoelectronics  33.00 10.50 53.25 4291 290 48.39
NASDAQ Mtls&Equip  19.13 6.00 2875 1803 59
NASDAQ Mtls & Equip  16.31 11.38 24.88 1993 82
NASDAQ Optoelectronics ~ 7.63 6.50 20.25 90.6 72 -
NASDAQ  Mtls & Equip 3.44 2.38 9.00 38.6 38 2656
NASDAQ  GaAsICs 84.75 10.50 84.44 1,661 424  +
NASDAQ Optoelectronics  59.63 8.13 60.25 8414 204 65.37
NASDAQ Optoelectronics 0,38 0.31 2.06 3.8 40
NASDAQ Mtls & Equip 403 2.38 18.00 13.1 8
NASDAQ GaAs ICs 17.44 11.00 26.75 165.1 104
NASDAQ Optoelectronics  89.75 31.25 96.69 3,565 739
NASDAQ Optoelectronics  8.38 6.75 10.88 1012 © ‘a2 windr
NASDAQ GaAs ICs 46.63 17.13 52.94 3467 1,133 61.47
NeurMkt. Mts&Equip 190 883 218 050 17 +
N. Marche  Mtls & Equip 13.01 11.60 4452 20.5 5 20
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Call for Papers

Optoé
Materials & Devices

Abstract Submission Deadline:
July 2, 1999

The interest in the mid-infrared optoelectronic materials and underlying physical con-
cepts of generation and detection of radiation in this spectral range increases continu-
ously. Mid-infrared optoelectronics systems are also finding new fields of application,
which cannot be served by classical near infrared and vis%le optoelectronics. The pur-
pose of the conference is to bring together scientists and users of mid-infrared materi-
als, devices and systems from al?over the world, working in this interesting new field.
It will also provide an excellent opportunity to meet and exchange views and experi-
ence and even find grounds for mutual co-operation.

The conference will cover the following subjects:
e Physical concepts of MIR radiation generation and detection
e Physical concepts of band and quantum dimensional engineering
e Material growth and device fabrication
o Characterization and optoelectronic properties
e Optoelectronic devices and applications

For More Information:

Prof. Dr. K. Heime
RWTH Aachen

Institut fuer Halbleitertechnik, Lehrstuhl |

Templergraben 55

D - 52056 Aachen

Tel.: +49 241 807745
Fax: +49 241 8888 199
email: mailbox@iht.rwth-aachen.de

Home page: www.iht.rwth-aachen.de

le-Bandgap

Plan to Attend P

i

Invited Speakers for Symposium Y include: Session Topics for Symposium Y include:
* SiC microwave power FETS - Scott Allen (Cree) ® SiC Devices & Processing

* SiC power electronic devices, GTOs and
SITs — Anant Agarwal (Northrop-Grumman)

e SiC power electronic devices, MOSFETs and
rectifiers - Jim Cooper (Purdue)

® GaN microwave power HEMTs = Gerry Sullivan

(Rockwell)

® SiC epitaxial growth — Roland Rupp (Siemens)

S5iC Epitaxial Growth & Characterization
SiC Bulk Growth & Characterization
GaN Growth & Characterization

[II-N Growth & Characterization
® (GaN Devices & Processing

® plus a panel discussion on "Wide-Bandgap Semiconductor
Products "

® SiC bulk growth - Vijay Balakrishna

(Northrop-Grumman)

® GaN epitaxial growth - Joan Redwing (ATMI)

For more information,
http://www.mrs.org/meetings/spring99/

at the

MRS Spring 1999 Meeting April 5-8, 1999 San Francisco, California
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GaAs IC Briefs

For the December quarter Alpha
Industries reported relatively flat sales of
$32.5 million, but a 50% increase in net
income, which rose to $4.8 million. The
company's Wireless Semiconductor sec-
tor had sales of $17.9 million while the
Application Specific Products (ASP) sec-
tor had sales of $7.7 million. Deliveries
to Motorola represented approximately
27% of total sales.

Anadigics reported revenue of $22.6
million for the December quarter, down

19% from the year ago period due to a
significant decline in sales to the wireless
industry. However, in comparison to the
September quarter, net sales for wircless
and CATV applications actually
increased, but they were partially offset
by a decline in fiber optic sales. CATV
sales increased 48%, with strong growth
from the cable modem and set-top box
markets.

For the quarter, the company report-
ed a net loss of $3.9 million, as compared
to net income of $4.6 million in the year
ago period. These results reflect special
charges totaling $7.3 million, primarily

associated with the planned closing of the
existing wafer fabrication facility as the
company switches over to a new 6” fab.

RF Micro Devices reported revenue
of $41.5 million for the December quar-
ter, an increase of 212% over the corre-
sponding quarter of fiscal 1998 and an
increase of 32% over the previous quar-
ter's revenue of $31.4 million. Three-volt
GaAs HBT power amplifiers continued to
dominate shipments. Much of the

sequential sales increase this quarter was
attributed to output from the company's
GaAs HBT fabrication facility, which

1998 Losses

1998 Profits

‘98 ‘98

Company Results Comparison Results Comparison

in ‘000’s with 1997 in ‘000's) with 1997
Anadigics Alpha Industries
Revenue $86,060 Down 16% Revenue $123,909 Up 15%
income ($9.558) Down from profit of $15.3 mil Income $16,656 Up 1200%
APA Optics Aixtron M
Revenue $1,047 Down 61% Revenue $57,610 Up 33%
Income (52,183) Down from loss of $440K Income $6,160 Up 76%
Celeritek ATMI
Revenue $46.810 Down 10% Revenue $97,800 Down 15%
Income ($4,764) Down from profit of $4.2 mil Income $6,500 I Up 26%
Emcore American Xtal Tech.
Revenue $41.482 Down 20% Revenue $43,290 Up 71%
Income ($20.209) Up from loss of $31.2 mil Income $6,326 Up 96%
Kopin Coherent
Revenue $26,904 Up 64% Revenue $414.711 Up 4%
Income ($2,968) Up from loss of $4.3 mil Income $15.622 Down 63%
Ortel Cree
Revenue $71.767 Down 15% Revenue $48,536 Up 36%
Income (56,569) Down from profit of $23.9 mil Income $8,851 Up 126%
Semiconductor Laser Int’l 1) Plasma-Therm
Revenue $1.974 Up 316% Revenue $49,089 Up 10%
Income ($4,322) No change Income $1,418 5 Down 70%
Spire 11 RF Micro Devices
Revenue $15.328 Down 34% Revenue $108.992 Up 160%
Income ($2,428) Down from profit of $2.3 mil Income $5,991 Up 51%
TriQuint Semiconductor SDL
Revenue $111,555 Up 56% Revenue $106.167 Up 16%
Income ($3,885) [ Down from profit of $6.8 mil Income $12,678 Up from loss of $25M
Uniphase Uniroyal Technology
Revenue $212,394 Up 47% Revenue $218,538 Up 2%
Income ($74,447) Down from loss of $18.7 mil & Income $1,046 Down 62%
Notes Vitesse
[l Based on estimated results for the December quarter, Revenue $200.620 Up 70%
21 Includes one-time charges relating to acquisition of the Income $57.883 Up 55%
Raytheon/T1 GaAs operation, settlement of a shareholder lawsuit, Note
and the transition to a new fab, 0 B'lsm.  ontestirnated o S the D "
i e O s S ' Based on estimated results for the December quarter.
res?i?l:‘;:r‘zlélltcl]:g;l;lgi Sl’\fllilll_i;(‘mﬁ M1llm’nllm ‘3“‘?"'““:‘: ‘LII’Ja“ig“"‘l‘f‘:?i 97 ©1 Includes bne-time acquisition and restructuring charges of $2.1M.
ey s n in one-time changes, both relating to b1 Reflects one-time charges of $3.5 Million for restructuring and

Ut o inventory write-down,
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rose 161% from $4.4 million in the sec-
ond quarter to $11.5 million in the third
quarter. 89.8% of the company's rev-
enues was derived from the sale of GaAs
HBT products.

TriQuint Semiconductor announc-
ed that revenues for the December quarter
were a record $30.9 million, a 68%
increase over the $18.5 million in the
comparable period of 1997. Net income
was also a record at $3.5 million, a 129%
improvement over the $1.5 million report-
ed for the year ago period. December
quarter revenue included $495,000 in
non-operational income.

TriQuint also recently announced
that Nokia and Raytheon became its two
largest customers in 1998. Sales to
Nokia, which accounted for 12% of
TriQuint’s revenue, consisted of GaAs
ICs for the receiver portion of ** most of ™
Nokia's TDMA cell phones. Raytheon
purchases a variety of GaAs ICs from
TriQuint Texas, relating to the sale of that
facility (the former Texas Instruments
GaAs operation) by Raytheon to TriQuint
in 1998. Raytheon accounted for just

over 10% of TriQuint’s sales.

VITESSE

SEMICONDUCTOR CORPORATION

Vitesse reported revenues of $60.2
million in the December quarter, an
increase of 73% over the year-ago period
and an increase of 11% over the $54.1
million reported in the previous quarter.
Net income was $15.4 million , compared
to net income of $10.4 million for the
year-ago period and net income of $16.5
million for the previous quarter. This was
the result of an increase in the income tax
rate from 20% to 33%.

Optoelectronics Briefs

Cree Research reported that its rev-
enue increased 39% to $14.0 million in
the December quarter, attributable to an
128% increase in LED sales. This was

due in part to the introduction of new high
brightness LEDs, but was mostly the
result of strong demand for the company’s
older, “standard brightness” product.
This despite the fact that Cree has recent-
ly seen a 35% decline in the average sales
price for this product. Sales of SiC
wafers were up 48%. The company says
this was due to quality improvements,
along with the availability of the larger 2
wafers during fiscal 1999.

Cree’s gross profit margins rose
Gross to 47% during the December quar-
ter, as compared to 35% during the year-
ago period. This is attributed to the
indtroduction of the “conductive buffer”
high brightness LED chip, which has a
vertical structure that allows use of top
and bottom contacts, thereby simplifying
processing. Cree also began to use the
larger 27 dia. SiC wafers; however, the
company says it is still in the early stages
and has not yet achieved production effi-
ciency.

Consistent with their earlier pre-
announcement, Ortel reported revenues
for the December quarter of $16.9 mil-
lion, a 14% decrease from the $19.8 mil-
lion reported for the immediately preced-
ing and 9% decrease from $18.6 million
recorded a year ago. The net loss totaled
$1.1 million, compared with net income
of $605,000, a year ago. Revenues from
the sale of broadband products totaled
$12.0 million, down 8%. Sales of satel-
lite and other communications products
totaled $4.9 million, down 26%. The
company indicated that results would
continue to be disappointing in the cur-
rent quarter,

SDL announced record revenues and
earnings for the December quarter.
Revenues were $29.4 million, compared
to $24.8 million in the year-ago quarter.
Net income more than doubled, rising
125%to $4.1 million.

Commenting on the quarter, Donald
R. Scifres, Chairman and CEQO, said, “We
are very pleased by the growth of our
communications product lines. Driven by
demand in the long haul terrestrial sector,
our communications products represented
66% of our total fourth quarter revenue

versus 47% in the same quarter last year.”
He indicated that demand for SLI's 980
nm pump modules has grown over 100%
over the past 12 months.

On February 10, 1999,
Semiconductor Laser International
announced that secured between $2 -
$2.75 million in equity financing from
bmp Mobility AG Venture Capital, a
German investment company. BMP will
receive approximately 16% of the shares
of SLI.

BMP describes itself as “a venture
capital company with 25 investments in
the areas of information, communication,
medical, biotech, and laser technology.”
The company says it intends to continue
to expand its investments in companies in
laser and laser related businesses, and that
one of its affiliated companies will dis-
tribute SLI's products in Western Europe.
This appears to be BMP’s first foray into
the laser diode field. Representatives of
the company were not available for fur-
ther comment.

This transaction may be a reprieve of
sorts for SLI - as reported earlier, the
company was in immediate danger of
running out of cash. However, given that
SLI had operating losses of over $3 mil-
lion in the past nine months, it is unclear
whether BMP’s investment will be
enough to keep the company afloat in the
long term. if SLI cannot achieve positive
cash flow. Currently, SLI's cost of sales
exceeds the value of sales - i.e., it is sell-
ing its products for less than it costs to
make them.

Compounding SLI’s cash flow prob-
lems is the fact that most of its suppliers
have, in the company’s words, “either
stopped delivery or conditioned delivery
on payment of past due bills or COD
[cash on delivery]”. The company also
recently disclosed that it has fallen behind
on its tax and insurance obligations.

Moreover, SLI is engaged in a dis-
pute with its largest customer, Rocky
Mountain Instruments (RMI), leading to
cancellation of $1.5 million in orders.
RMI claims that products it received were
defective. SLI has indicated that RMI,
which accounted for 39% of SLI's net
sales in 1998, has now ceased making
purchases from SLI.



For rates and submission instructions for employment ads, contact the editor at
TEL [1] 978 927 9994; FAX [1] 978 927 9893 or e-mail: editor@compsem.com

-

Business Development Manager

Compound Semiconductor is seeking to fill a newly created position of Business Development Manager. This
position will involve managing and growing advertising and subscription sales. Applicants should be familiar
with structure of the compound semiconductor industry. Prior sales experience helpful but not mandatory.
Excellent communication skills required.

Please send your resume to:
Marie Meyer
Franklin Publishing
163 Cabot Street
Beverly, MA 01915 USA
FAX: [1] 978 927 9893
Email: mmeyer(@compsem.com

MANAGER OF APPLICATIONS ENGINEERING

For swiftly growing global leader in Gallium Arsenide substrate wafers . . . with annual sales
approaching 30 million dollars. Customers are leaders in semiconductor devices for radio
frequency applications found in mobile communications, digital broadcasting, satellites, laser
equipment and display technology.

An appropriate engineering degree and five or more years of related experience are required.
The successful candidate will be a well-grounded technical specialist, a good communicator,
customer oriented, and a dynamic team member. Compensation includes a competitive base
salary and bonus opportunity. Please submit resume to:

James D. Brown, President
Northern Consultants Inc.
PO Box 220
Hampden, ME 04444
FAX 207-862-2325
EOE.
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Patented

UNI-Bulb™ RF Plasma Source
Patented

Valved Cracker for Arsenic
Patented

Mark IV Valved Cracker
Jor Phosphorus
Patented

Corrosive Series Valved Cracker
Patented

Production Effusion Cells for
Multiwafer MBE

I I : I MBE Products
Group

High performance
components to make the
most of your MBE system

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

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

B sumo™
This novel approach to effusion cell design enhances material quality by
reducing Ga related oval defects while increasing useful capacity which allows
users to maximize system up-time.

B UNI-Bulb™
The leak-free, one-piece PBN bulb, in conjunction with the water-cooled
coaxial RF coil, provides the most efficient RF Source for nitrogen available
today. Previous problems associated with low GaN growth rates in MBE have
been addressed with demonstrated results of 1.0 pm/hr.

W Valved Crackers
Installed in the most reputable universities, research labs, and production epi
facilities worldwide and are considered to be the industry standard. Valved
crackers are utilized by users who need precise group V control in the
demanding area of GalnAsP quaternary growth. In addition, users benefit from
the ease of calibration and large useful capacity.

M Corrosive Series Valved Cracker
Designed specifically for corrosive elements such as antimony and tellurium.
The novel PBN crucible and valve mechanism has proven to provide the
capabilities to grow complex structures not previously possible with
conventional sources.

Please contact EPI to discuss your growth and deposition needs.

Visit the EPI web site at http://www.epimbe.com
Note: new St. Paul address and phone numbers as of July 12, 1998

EPI EPI Europe

4900 Constellation Drive 147 Chorley New Road

St. Paul, MN 55127 U.S.A. Horwich, Bolton BL6 5QE

Phone: (651) 482-0800 Greater Manchester, U.K.

Fax: (651) 482-0600 Phone: (+44) 1-204-668366

E-mail: info@ epimbe.com Fax: (+44) 1-204-668466
E-mail: europe @ epimbe.com

Japan

Vieetech Japan Co. Ltd.
1316-3 Katsukura
Hitachinaka Ibaraki 312
Japan

Phone: (+81) 29-272-8161
Fax: (+81) 29-272-9814
E-mail: vieetech @ mito.ne.jp
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Telecoms LDs / LEDs * * GaAs
Telecoms PINs / APDs ° * AlGaAs
IR LDs / LEDs * * AlGalnAs '
IR VCSELs~ * * GaP gl
\ £
Visible Lasers™ * ¢ GalnP
UHB Visible LEDs * ® AlGalnP
Visible VCSELs * * InP K <
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) ’ E
InP HBTs * -, * AlGalnAs
P-HEMTs °* * GalnAsP "
Solar Cells *
Large volume foundry, pilot production or R & D
L
Multiple 2%, 3 and 4 capacity
® -

Whatever your epitaxy needs, however demanding, E.P1. can deliver. High or low volume, each wafer is fully sllf)pr')r_t,ed' by extensive

characterisation data and E.RL’s world leading MOVPE technology, ensuring absolute quality and ultimar.e‘-cﬁ;l’sistency
s
For more information dbOlll the world’s foremost Custom Epitaxy service, contact Epitaxial Products Inter natiomal today.
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